^^^^ 


mmi 


mc 


'i^M 


■^mi^. 


•m^^. 


m 

1 


m 


I 


l|te',»i 


'mWW 


;lli' 


ii; 

P 

iniil 

Ii 

ill 

;■ 

|;g 

:■■/■■'!' 

Digitized  by  tine  InterriQt  Arciiive 

in  2010  witii  funding  from 

University  of  Toronto 


littp://www.arcliive.org/details/transactionsmining19amer 


TRANSACTIONS 


American  Institute  of  Mining 


Engineers. 


Vol.  XIX. 


MAY,    189  0,    TO    FEBRUARY,    1891, 

INCLUSIVE.  S/^VV 


NEW    YORK     CITY: 
PUBLISHED   BY   THE   INSTITUTE, 

AT   THE  OFFICE  OF   THE  SECRETARY. 

1891. 


AS 


P  H  1  L  A  D  K  I,  P  H  I  A  : 
SHERMAN     &    CO.,     P  IS  1  N  T  E  R  3. 


PREFACE. 


It  was  the  intention  of  the  Council  that  this  volume  shodd  mdudc  not 
only  tLp  roceedings  and  papers  of  the  New  York  meetings  of  the  Inst.tute 
.n  o  h  T  ernational  sessions  held  at  Pittsburgh,  but  also,  by  the  kind  per- 
^  slll^^of  the  Council  of  the  Iron  and  Steel  Institute,  tl-  P— gs  and 
papers  of  the  New  York  meeting  of  that  society ;  and  m  addition  to  these 
fCe  Tddress  and  proceedings  connected  with  the  inauguration  of  the  Holley 
Semoi?  1  nd  finally,  a  complete  account  of  the  extended  exciirsions  m  whicli 
tl  e  n'mbe  s  of  both  societies  and  of  the  Verein  Deutscher  Eisenluitterdeute 
a rt"  pated  as  guests  of  the  General  Reception  Committee  representing  mem- 
beis  of  the  ;arrous  technical  and  professional  societies  and  of  the  iron  and 
ntppl  trnde  of  the  United  States.  _ 

Th  dtensions  of  this  book  furnish  a  self-evident  explanation  of  the  neces- 
sary abandonment  of  a  part  of  this  design.  The  length  of  the  technical  papers 
t  con'insand  of  the  discussions  annexed  to  many  of  them  was  increased  coi- 
de  Iwydurin.  the  process  of  publication  by  the  contributors  themselves. 
Mo^over,  unavoidable  delays  in  obtaining  the  final  revised  copies  from  d,s^ 
tant  and  scattered  sources  made  it  impracticable  untd  the  larger  part  o  the 
sheets  had  been  printed,  to  estimate  exactly  the  space  required  for  t  e  le 
mainder;  and  when  at  last  the  papers  and  discussions  were  al  -  hand  i  wa 
too  late  to  divide  the  volume  into  two,  and  the  only  recourse  l^f^X'^",^  '' 
rifice  of  much  of  the  preliminary  matter,*  and  the  omission  of  the  Hollej 
Memorial  Address,  which  will  be  published  seimrately 

The  introductory  part  of  this  volume,  therefore,  will  be  found  to  contain 
merely  the  outline  of  the  proceedings  of  the  various  meetings,  and  a  very  In  et 
and  cursory  account  of  the  labors  of  the  General  Reception  ^-^f'''^^ 
these  deficiencies  are  sincerely  regretted,  it  is  believed,  nevertheless  hat  th^ 
most  valuable  and  satisfactory  souvenir  of  this  remarkable  and  delightful  epi- 
sode in  the  history  of  the  Institute  is  furnished  by  the  series  of  important 
professional  contributions  for  which  it  gave  occasion. 

July,  1881.  

*  This  is  the  less  to  be  lamented,  in  view  of  the  announcement  in  the  Jo-r^'<^lof 
tke  Iron  aM  Steel  B^stitute  (No.  II.,  1890,  p.  645)  that  the  Council  of  that  society  has 
decided  to  issue  a  special  memorial  volume,  giving  an  account  of  the  visits  and  ex- 
cursions of  its  members  during  their  stay  in  the  United  States. 
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mOCEEDINGS  OF  THE  FIFTY-SEVENTH  MEETING, 
NEW  YOBK  CITY,  SEPTEMBEB,  1890. 

Local  Committee. 

J.  F.  Lewis,'  Chairman ;  James  A.  Burden,  Jolin  Stanton,  J.  F  Hollaway,  James 
E.  Denton,  H.  S.  Mimroe,  J.  E.  Mackintosh,  F.  M.  Pierce,  W.  S.  Church,  J.  C. 
Bayles,  George  B.  Wilkinson,  David  Williams,  W.  H.  Wiley,  11.  W.  Bulkley,  W. 
H.  Adams,  E.  Gybbon  Sjiilsbury,  George  W.  Muynard,  Wm.  Kent,  Thomas  Egles- 
ton,  Charles  Macdonald,  Kennetli  Robertson. 

Hotel-lieadqiiarters  were  at  the  Park  Avenue  Hotel.  Sessions 
were  held  at  Chickering  Hall. 

The  opening  session  of  the  meeting  was  held  at  3  p.m.,  on  Mon- 
day, Sej)teml)er  29th.  After  preliminary  announcements  by  the 
Local  Committee,  President  Abrara  S.  Hewitt  made  some  brief  re- 
marks, postponing  to  a  later  period  the  delivery  of  the  formal 
Presidential  Address.* 

The  Secretary  announced  that  the  Council  had  decided  to  hold  in 
February,  1891,  no  meeting  for  the  reading  and  discussion  of  papers, 
but  only  a  meeting  for  the  purpose  of  opening  ballots  cast  by  mail, 
declaring  the  result  of  the  election  of  officers  and  receiving  the  An- 
nual Keport  of  the  Council  :  the  reason  of  this  decision  being,  that 
the  great  length  and  the  laborious  character  of  the  series  of  meetings 
now  to  be  held,  and  the  extensive  excursions  and  entertainments 
connected  therewith,  would  make  the  organization  of  another  meet- 
ing so  soon  after  a  difficult  and  doubtful  matter. 

The  following  papers  were  presented : 

Explosions  from  Unknown  Causes,  by  J.  C.  Bayles,  East  Orange, 
N.J. 

Magnetic  Concentration  at  the  Michigarame  Iron  Mine,  Lake 
Superior,  by  John  C.  Fowle,  Michigamme,  Mich. 

Ore-Dressing  by  Electricity  at  the  Tilly  Foster  Mine,  by  F.  H. 
McDowell,  New  York  City. 

The  Magnetization  of  Iron-Ore,  by  Clemens  Jones,  Hokendauqua, 
Pa. 

The  Ball-Norton  Electro-Magnetic  Separator,  by  C.  M.  Ball, 
Troy,  N.  Y. 

*  By  reason  of  Mr.  Hewitt's  illness,  this  address  was  not  read,  but  only  distributed 
in  print.     See  page  475  of  the  present  volume. 


Viii  PROCEEDINGS   OF   THE    NEAV    YORK    MEETING. 

A  working-model  of  this  machine  was  exhibited  in  the  hall  at  the 
close  of  the  session. 

At  the  second  session,  held  at  8  p.m.,  on  Monday,  lectures  were 
delivered,  illustrated  with  lantern  views,  by  Prof.  W.  B.  Potter,  of 
St.  Louis,  Mo.,  on  the  Iron  Mountain  Mine,  and  by  W.  F.  Durfee, 
of  Birdsboro',  Pa.,  on  American  and  Foreign  Practice  with  the 
Diamond  Drill.* 

The  third  session  was  held  at  10  A.^^r.,  on  Tuesday,  September 
30th.     The  following  papers  were  presented  : 

Physical  and  Chemical  Equations  of  the  Open-Hearth  Process, 
by  H.  H.  Campbell,  Steelton,  Pa. 

Electric  Power-Transmission  in  Mining  Operations,  by  H.  C. 
Spaulding,  Boston,  Mass. 

Amalgamation  at  the  Comstock  Lode,  Nevada;  a  Historical 
Sketch  of  Milling  Operations  at  Washoe,  and  an  Account  of  the 
Treatment  of  Tailings  at  the  Lyon  Mill,  Dayton,  by  A.  D.  Hodges, 
Jr.,  Boston,  Mass. 

Notes  on  the  Excavation  of  the  New  Croton  Aqueduct,  by  J.  P. 
Carson,  New  York  City. 

The  fourth  session  was  held  at  2  p.m.,  on  Tuesday,  when  the  fol- 
lowing papers  were  presented : 

Notes  on  Recent  Improvements  in  German  Steel-Works  and 
Rolling-Mills,  by  R.  M.  Daelen,  Diisseldorff,  Germany. 

Machinery  for  the  Charging  of  Heating-  and  ISIelting-Furnaces, 
by  S.  T.  Wellman,  Thurlow,  Pa. 

A  Suspended  Feed-Table  for  Rolling-Mills,  by  James  Morgan, 
Pittsburgh,  Pa. 

Pneumatic  Hoisting,  by  H.  A.  Wheeler.  St.  Louis,  Mo. 

The  Walker  Anti- Vibration  Regulating  Shutter,  or  Slide,  for 
Guibal  and  other  Enclosed  Fans,  by  Edward  R.  Walker,  Weybridge, 
England. 

The  Department  of  Metallurgy  and  Economic  Geology  in  the 
National  Museum,  by  F.  P.  Dewey,  Washington,  D.  C. 

Notes  on  Coal-Mining  in  Oregon,  by  R.  H.  Norton,  Portland, 
Oregon. 

The  Resources  of  the  Black  Hills  and  ]5ig  Horn  Country,  Wy- 
oming, by  H.  M.  Chance,  Philadelphia,  Pa. 


*  These  lectures  have  not  been  furnished  in  manuscript  for  publication. 


PROCEEDIKGS    OF    THE    NEW    YOEK    MEETING.  IX 

The  Potosi,  Bolivia,  Silver-District,  by  Arthur  F.  Wendt,  New 
York  City. 

The  Pratt  Minos  of  the  Tennessee  Coal,  Iron,  and  Railroad  Com- 
pany, by  Erskine  Ramsay,  Pratt  Mines,  Ala. 

The  Paint-Ore  Mines  of  Lehigh  Gap,  Pennsylvania,  by  C.  E. 
Hesse,  Bethlehem,  Pa, 

Analyses  of  Lake  Superior  Iron-Ores,  by  George  W.  Goetz,  Mil- 
waukee, Wis. 

The  fifth  and  final  session  was  held  at  8  p.m.,  on  Tuesday,  when 
Mr.  A.  Fteley,  Chief  Engineer  of  the  New  York  Aqueduct,  presented 
a  series  of  lantern-views,  with  interesting  explanations,  in  further 
illustration  of  the  paper  of  Mr.  Carson,  presented  at  the  third  ses- 
sion. 

The  following  papers  were  also  presented,  with  illustrations  upon 
the  screen : 

The  Copper  Resources  of  the  United  States,  by  James  Douglas, 
New  York  City. 

The  New  Iron-Breaker  at  Drifton,with  Remarks  on  the  Prepara- 
tion of  Anthracite  Coal,  by  Eckley  B.  Coxe,  Drifton,  Pa. 

In  addition  to  the  papers  above  named,  all  of  which  were  either 
presented  in  printed  form  or  read  at  length,  the  following  papers 
were  read  by  title  and  subsequently  printed  for  distribution  : 

Latest  Developments  in  Compressed-Air  Motors  for  Tramways,  by 
D.  S.  Jacobus,  Hoboken,  N.  J. 

Cast-Iron  Tools  for  Cutting  Metals,  by  Oberlin  Smith,  Bridgeton, 
N.J. 

On  Sulphur  in  Bessemer  Steel,  by  John  W.  Cabot,  Bellaire,  O. 

Interesting  A^ein-Phenomena  in  Boulder  County,  Colorado,  by 
John  B.  Parish,  Denver,  Colo. 

Notes  on  the  Progress  of  Mining  in  China,  by  Ellis  Clark,  Phila- 
delphia, Pa. 

The  Geology  of  the  Haile  Mine,  South  Carolina,  by  A.  Thies, 
Concord,  N.  C,  and  A.  Mezger,  New  York  City. 

The  Thies  Process  of  Treating  Auriferous  Sulphides,  at  the  Haile 
Gold-Mine,  Lancaster  County,  South  Carolina,  by  A,  Thies,  Con- 
cord, N.  C,  and  William  B.  Phillips,  University  of  Alabama,  Tus- 
caloosa, Ala. 

The  Genesis  of  the  Edgar  Thomson  Blast-Furnaces,  by  William 
P.  Shinn,  Pittsburgh,  Pa. 


X  PROCEEDINGS   OF   THE   NEW   YORK   MEETING. 

Progress  in  Magnetic  Concentration  of  Iron-Ore,  by  John  Bir- 
kinbine,  Philadelphia,  Pa. 

Some  Ontario  Magnetites,  by  T.  D.  Ledyard,  Toronto,  Ont. 

The  Presidential  Address  of  Hon.  A.  S.  Hewitt  was  illustrated 
with  a  magnificent  map  of  the  United  States  east  of  the  Rocky 
Mountains,  suspended  in  the  hall.  Upon  this  map,  prepared  by 
Mr.  Wheaton  B.  Kunhardt,  the  location  of  every  iron  blast-furnace 
and  the  distribution  of  every  variety  of  iron-ore,  and  of  the  produc- 
tive coal-fields  throughout  the  country  was  indicated. 

The  following  lists  include  the  persons  elected  at  the  sessions  of 
the  meeting,  or  by  ballot  through  the  mail  between  the  Washington 
meeting  of  February,  1890,  and  the  June  meeting  of  1891. 

Elected  June,  1890,  by  Mail. 


MEMBERS. 


William  H.  Beck, 
P.  T.  Berg, 
Alex.  Bowie, 
William  L.  Brockway, 
Arthur  E.  Browne, 
W.  M.  Chauvenet, 
Harry  W.  Coffin, 
W.  O.  Comstock, 
Frank  G.  Darlington, 
Britton  Davis,  . 
G.  D.  Del  prat,    . 

E.  T.  Dumble,    . 
H.  T.  Ellicott,  . 
John  C.  Fowle, . 
Seth  Frink, 
Ernest  E.  Goodell, 

F.  P.  Gracey,     . 
James  H.  Henley, 
W.  H.  Jaques,  . 
Washitaro  Kasahara, 
W.  H.  Kemler, . 
Tong  Sing  Kow, 
Een  Kurimoto, . 
James  Malcolmson, 
Henry  Morris,  . 
Joseph  Morris,  . 
Albert  E.  Noble, 
S.  A.  Parnall,    . 
John  A.  Partridge, 
Horace  See, 
H.  C.  Spauldiug, 


Washington,  D.  C. 

Munhall,  Pa. 

Gallup,  New  Mexico. 

Jersey  City,  N.  J. 

West  Coast,  Tasmania. 

St.  Louis,  Mo. 

Tuscarora,  Nev. 

New  York  City. 

Indianapolis.  Ind. 

Corralitos,  Mexico. 

Loudon,  Eng. 

Austin,  Texas. 

Paris,  France. 

Michigamme,  Jlich. 

Rowley,  Colo. 

jNIarysville,  Mont. 

Clarksville,  Teun. 

Marysviile,  Mont. 

Bethlehem,  Pa. 

Tokio,  Japan. 

Pittsburgh,  Pa. 

Shanghai,  China. 

Tokio,  Japau. 

Michoacan,  Mexico. 

Johannesburg,  Transvaal,  S.  Africa. 

Medellin,  U.  S.  Colombia,  S.  A. 

Jenifer,  Ala. 

Ishpcniing,  Mich. 

Washington,  D.  C. 

New  York  City,  N.  Y. 

Boston,  Mass. 
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James  A,  Spcrry,      .        .        .        .        .  Cooncy,  New  Mexico. 

A.  B.  Stolliiieyer, Tiiuidad,  Brit.  West  Indies. 

Ambrose  Swiisey Cleveland,  O. 

Scitaro  Uchida, Tokio,  Japan. 

ASSOCIATES. 

A.  M.  Biselow, New  York  City,  N.  Y. 

James  Norflcet, Fort  Payne,  Ala. 

Percival  Beutley  Waugh,        .        .        .     Sutton,  Surrey,  Ei)g. 

Elected  at  the  New  York  Meeting,  October,  1890. 

MEMBERS. 

William  E.  Appleby,        ....  Jersey  City,  N.  J. 

J.  B.  Archer, New  York  City. 

J.  F.  Armstrong, Isbpeming,  Midi. 

C.  M.  Ball, West  Troy,  N.  Y. 

Henry  C.  Banon,       .....  Lenardo,  Colo. 

D.  M.  Barringer, Philadelphia,  Pa. 

Walter  A.  Barrows,  Jr.,    ....  Sharpsville,  Pa. 

George  B.  Bartlett, South  Chicago,  111. 

George  Fisher  Beardsley,         .        .        .  Captain's  Flat,  N.  S.  Wales. 

Richard  Blackstone,  ....  Central  City,  S.  Dakota. 

Robert  M.  Blaukenship,  ....  Richmond,  Va. 

Seth  Bullock, Deadwood,  S.  Dakota. 

William  Clarke  Catlin South  Cliicago,  111. 

F.  M.  F.  Cazin, New  York  City,  N.  Y. 

C.  F.  Chandler New  York  City,  N.  Y. 

E.  W.  Codington,, Bartow,  Fla. 

E.  T.  Cox, New  York  City,  N.  Y. 

Fred.  Crabtree, McKeesport,  Pa. 

Lewis  E.  Dunham, Ashland,  Wis. 

E.  B.  Ecknian, Columbia,  Pa. 

Fritz  Eilers, Homestead,  Pa. 

Sydney  H.  Farrar, Johannesburg,  Transvaal,  S.Africa. 

Henry  G.  Fiske, New  York  City,  N.  Y. 

F.  H.  Foote, South  Chicago,  111. 

C.  B.  Fowler, Leetonia,  O. 

Charles  D.  Fuller Latrohe,  Pa. 

Samuel  T.  Godbe, Pioche,  Nev. 

Anton  Hardt, Wellsboi'o',  Pa. 

Max  J.  Hartung, Sydney,  N.  S.  Wales. 

Arthur  Hendy,  .....  Denver,  Colo. 

Conrad  E.  Hesse, Mt.  Carmel,  Pa. 

George  J.  Hicks, Pittsburgh,  Pa. 

John  L.  Hoffman, Duquesne,  Pa. 

Frank  E.  Hopke, Hastings-on-the-Hudson,  N.  Y. 

M.  E.  Hunt, Ashland,  Wis. 

Henry  A.  Judd, Bilesville,  N.  C. 

Tom  Cobb  King, Ironaton,  Ala. 

F.  H.  Knight Easton,  Pa. 

Theo.  Knutzen Deadwood,  S.  Dakota. 
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Elmer  H.  Lawall Wilkesbarre,  Pa. 

Tlioiuas  McDonald, Duquesne,  Pa. 

C.  H.Macmitt, Aspen,  Colo. 

Robert  Mannesmann New  York  City,  N.  Y. 

Nicholas  Manzavino,        ....  Smyrna,  Turkey. 

T.  Spencer  Miller New  York  City,  N.  Y. 

Charles  B.  Murray, Buena  Vista,  Va. 

W.  H.  Nimick,. Pittsburgh,  Pa. 

Stephen  N.  Noble, Irouaton,  Ala. 

AVilliam  Oothout,  Jr.,       ....  San  Francisco,  Cal. 

Frank  A.  Ray Buchtel,  O. 

W.  J.  Richards, Wilkesbarre.  Pa. 

Marvin  F.  Scaife, Mt.  Carmel,  Pa. 

C.  G.  E.  Schmiterlow,       ....  Steeltou,  Pa. 

James  Scott, Pittsburgh,  Pa. 

John  Shennan, Clifton,  Ariz. 

Frank  O.  Stetson, Salem,  Ya. 

Charles  L.  Taylor, Pittsburgh,  Pa; 

John  M.  Thomas, ^iles,  O. 

Carl  Trautvctter, Sharpsville,  Pa. 

Edward  M.  Van  Corrtlandt,    .        .        .  Cana,  U.  S.  of  Colombia,  S.  A. 

Ralph  W.  Watson, Calumet,  Mich. 

Cabell  Whitehead, Washington,  D.  C. 

ASSOCIATES. 

E.  Davenport  Cleland,     ....  Broken  Hill,  N.  S.  Wales. 

Francis  R.  Fava,  Jr. Washington,  D.  C. 

Henry  M.  Fish, Joliet,  111. 

Walter  M.  Francis, Philadelphia,  Pa. 

Walter  Richardson  Francis,    .        .        •  Clausthal,  Germany. 

G.  H.  Gile Oshkosh,  Wir,. 

W.H.  Helnis, Port  Henry,  N.  Y. 

H.  D.  Johnson South  Bend,  Ind. 

A.  Lanfear  Norrie New  York  City. 

D.  L.  Plumer, Wausau,  Wis. 

Alex.  T.  Porter, Troy,  N.  Y. 

N.  Taylor, Wilkesbarre,  Pa. 


Elected  February,  1891,  by  Mail. 


MEMBERS. 


John  S.  Adriance, 
James  Archbald,  Jr 
Emmett  Armstrong, 
Alvah  H.  Axford,, 
Franklin  Bache, 
Juan  B.  Blasquez, 
H.  Brauus, 
Alfred  H.  Bucherer, 
Jos.  L.  Budd,    . 
Charles  Bullman, 
F.  M.  Coghlan, . 


Huntingdon,  Pa. 
Scrautou,  Pa. 
Harrisburg,  Pa. 
Custer,  Idaho. 
Santiago,  Cuba. 
Pachuca,  Mexico. 
Dortmund,  Germany. 
Lock  port,  N.  Y. 
Braddock,  Pa. 
Plainfield,  N.  J. 
San  Luis  Potosi,  Mexico. 
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F.  S.  Cook, 
R.  M.  Daelen,    . 
William  P.  Darling, 
Thomas  G.  Davey,    . 
Frank  Drake,    . 
Vincent  Ferguson,    . 
William  C.  A.  Ferguson, 
James  W.  Fox,  . 
Percy  C.  Giklirist,    . 
R.  B.  Green,      . 
H.  Hamilton  Gunn, 
Robert  Dalton  Hale, 
Harry  Robert  Hall,  . 
J.  C.  Henderson, 
Francis  Hinton, 
Charles  W.  Hunt,      . 
T.  Kitsunesaki, 
Walter  J.  Koehler,    . 
Emil  Krabler,   . 
Story  B.  Ladd,  . 
Werner  Langguth,   . 
James  E.  Lawton,     . 

William  McNeill  Leete, 

Walter  Leisenring,  . 

Sir  William  Thomas  Lew 

Pei  Gustaf  Liduer,  . 

William  E.  Loane,    . 

George  J.  Lobdell,    . 

Samuel  McClure, 

G.  B.  McCormack,     . 

Adolph  Mezger, 

Charles  Herbert  Miller, 

Charles  S.  Morse, 

Karl  Neitzel,     . 

Matthew  Peuhale,    . 

Arnold  K.  Reese, 

A.  J.  Reilly,       . 

George  B.  Reynolds, 

John  W.  Richards,    . 

C.  A.  O.  Rosell, 
Arthur  Earnest  Savage, 
T.  Schlink, 

E.  Schroedter,  . 
William  G.  Sharp,    . 
Charles  Henry  Snow, 
Michael  Druck  Sohon, 

D.  McNeely  Stauffer, 
Charles  Wade  Stickuey 
Alex.  Thielen,  . 
Edward  Titcomb, 
T.  Tsuno,  . 
J.  S.  Uuger, 
Howard  F.  Welsh, 
Earl  A.  Wheeler, 
Edward  A.  Whitmore 


Yonkers,  N.  Y. 
Dusseldorf,  Germany. 
Buffalo,  N.  Y. 

Harrietville,  Victoria,  Australia. 
Negaunee,  Mich. 
Buchtel,  O. 
Brooklyn,  N.  Y. 
Big  Stone  Gap,  Va. 
London,  Eug. 
Ishpeming,  Mich. 
Singapore,  East  India. 
Broken  Hill,  N.  S.  Wales. 
Parryville,  Pa. 
New  York  City. 
Milwaukee,  Wis. 
New  York  City. 
Tokio,  Japan. 
Broken  Hill,  N.  S.  Wales. 
Altenesseu,  Germany. 
Washington,  D.  C. 
Deadwood,  S.  Dakota. 
Cumberland  Gap,  Tenu. 
Sierra  City,  Cal. 
Sandy  Run,  Pa. 
Mardy,  Wales. 
Shullsburg,  Wis. 
Aspen,  Colo. 
Wilmington,  Del. 
Sharon,  Pa. 
Pratt  Mines,  Ala. 
Charlotte,  N.  C. 
Rockhill  Furnace,  Pa. 
Bridgeport,  Conn. 
Elkhorn,  Mont. 
,    Black  Lake,  Can. 
.    Sparrows  Point,  Md. 
,     Pratt  Mines,  Ala. 
.     Bombay,  India. 

Aspen,  Colo. 
.     Washington,  D.  C. 
.    Broken  Hill,  N.  S.  Wales. 
.    Mulheim-on-Ruhr,  Germany. 
.     Dusseldorf,  Germany. 
.     Castle  Gate,  Utah. 
.     Dubuque,  la. 
.    South  Bethlehem,  Pa. 
.     New  York  City. 
.     Butte,  Mont. 
.     Ruhrort,  Prussia. 
.     Nogales,  Ariz. 
,     Shimeueken,  Japan. 
.     Braddock.  Pa. 
.    Arthur,  Teun. 
.     Sharon,  Pa. 
.    Aspen,  Colo. 
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GranKor  Whitney, Santiago,  Cuba 

Jasper  Whiting South  Chicago,  111. 

William  Wilkins Sautiago,  Cuba. 

David  E.  Williams Philadelphia,  Pa. 


ASSOCIATES. 


Charles  H.  Bosher,   . 
William  McHose  Boyer, 
George  J.  Newton,    . 
Leo  Von  Rosenberg, 
Charles  P.  Scrivener, 
U.  P.  Swinburne, 
M.  O.  Wilson,    . 
E.  T.  Wilson,     . 


New  York  City. 
Reading,  Pa. 
Pottstown,  Pa. 
New  York  City. 
Austin,  Tex. 
Newcastle-on-Tyne,  Enc 
New  York  City. 
New  York  City. 


F.  W.  Hardwick, 
Marraaduke  B.  Holt, 
N.  B.  Smith,     . 


CHANGE    OF   STATUS. 


Exmouth,  Eug. 
New  York  City. 
Birmingham,  Ala. 


Elected  May,  1891,  by  Mail. 


MEMBERS. 


Charles  M.  Allen, 
Henry  A.  Bang, 
Hermann  C.  Bellinger, 
Alex.  Leslie  Black,  . 
James  Henry  Carpenter, 
Benjamin  Franklin  Conner, 
Otto  C.  Davidson,     . 
Arthur  O.  Granger,  . 
Simeon  C.  Hazleton, 
William  D.  Hoffman, 
William  H.  Hoffman, 
E.  C.  Huxley,   . 
Robert  Emmet  Jennings, 
Squier  H.  Maeomber, 
Joseph  Massenez, 
August  A.  Miller,      . 

J.  B.  Nan, . 

Lionel  R.  Nettre, 

Hiram  Phillips, 

Beverly  S.  Randolph, 

Charles  Q.  Rawling, 

Samuel  B.  Robbins,  . 

Frederick  Bowes  Scott, 

H.  E.  Smith,      . 

William  H.  Wahl,     . 

Moriz  Weis, 

James  W.  R.  Young, 


Butte,  Montana. 
New  York  City. 
Saltillo,  Mexico. 
New  Orleans,  La. 
Reading,  Pa. 
Columbia,  Pa. 
Commonwealth,  Wis. 
Cartersville,  Ga. 
Sandy,  Utah. 
Brewster,  N.  Y. 
Brewster,  N.  Y. 
Boston,  Mass. 
Jersey  City,  N.  J. 
Marysville,  Mont. 
Hoerde,  Germany. 
Roanoke,  Va. 

New  York  City. 

London,  Eng. 

Columbia,  Pa. 

Frostburgh,  Md. 

Wheeling,  W.  Va. 

Great  Falls,  Mont. 

London,  Eug. 

Milwaukee,  Wis. 

Philadelphia,  Pa, 

Sparrows  Point,  Md. 

]\Iouut  Gilead,  N.  C. 


PROCEEDINGS   OF   THE    NEW    YORK    MEETING.  XV 

ASSOCIATE. 
William  S.  Ackerman,     ....    Paterson,  N.  J. 

CHANGE   OF   STATUS. 

Stuart  W.  Cramer, Cliarlotte,  N.  C. 

E.  L.  Zukoski Coulterville,  Cal. 

The  Holley  Memorial. 

On  Thursday  afternoon,  October  2d,  the  memorial  bust  of  Alex- 
ander Lyman  Holley  was  unveiled  in  Washington  Square.  The 
memorial  address  was  delivered  in  Chickering  Hall,  before  the  cere- 
mony, by  Mr.  James  Dredge,  editor  of  London  Engineering.  This 
address,  together  with  the  other  proceedings  of  the  occasion,  will  be 
separately  published. 

Excursions  and  Entertainments. 

The  excursions  and  entertainments  of  this  meeting  were  practically 
merged  in  those  connected  with  the  meeting  of  the  Iron  and  Steel 
Institute  of  Great  Britain,  which  immediately  followed.  The  mem- 
bers of  that  society,  and  of  the  Verein  Deidscher  Eisenhilttenleute, 
the  American  societies  of  civil,  mechanical,  and  electrical  engineers, 
and  of  other  technical  societies,  were  invited  to  participate  in  the 
sessions  of  this  Institute,  and  the  Iron  and  Steel  Institute  was 
equally  liberal  in  hospitality. 

This  Institute  maintained,  for  the  convenience  of  members  and 
guests,  during  the  period  of  both  meetings  in  New  York  and  the 
subsequent  period  occupied  by  the  Pittsburgh  International  Sessions 
and  the  various  local  and  general  excursions — about  six  weeks  in  all 
— a  Bureau  of  Information  at  the  Park  Avenue  Hotel,  with  a  force 
of  clerks  and  messengers,  and  books,  maps,  railway  schedules,  post- 
office,  telephone,  and  facilities  for  cashing  drafts,  purchasing  railway 
tickets,  type-writing,  forwarding  mail  or  baggage,  etc.  Assistance 
was  generously  given  by  Messrs.  Thomas  Cook  &  Sons,  Messrs. 
Wyckoff,  Seamans  &  Benedict  (agents  of  the  Remington  type- 
writer), the  Western  Union  Telegraph  Company,  and  the  American 
and  Metropolitan  Telephone  and  Telegraph  companies. 

The  excursions  provided  by  the  New  York  local  committee  com- 
prised the  following : 

Wednesday,  October  1st — Excursion  up  the  Hudson  river  on  the 
steamer  Sandy  Hook,  with  a  collation,  served  en  route. 


xvi  PROCEEDINGS    OF   THE   NEW    YORK    MEETING. 

Thursday,  October  201.— Visit  to  the  works  of  the  Consolidated 
Gas  Company.  In  the  evening  a  reception  to  the  members  of  the 
Verein  Deutscher  Eisenhuttmleute  was  given  by  the  Liederkranz  So- 
ciety. On  the  same  evening  the  annual  dinner  of  the  Iron  and 
Steel  Institute  took,  place  at  Delmonico's. 

Friday,  October  3d. — Visit  to  the  electrical  works  of  New  York 
City.     Three  excursions,  as  follows  : 

1.  By  steamboat  up  the  East  river  to  the  Brooklyn  Xavy  Yard, 
the  De  la  Vergne  Refrigerating  ^yorks,  and  the  Washington  Bridge 
over  Harlem  river.     Luncheon  on  the  boat. 

2.  By  railroad  to  the  Tilly  Foster  Iron-mine  and  Electrical  Sep- 
arating-works.     Luncheon  on  th^  train. 

3.  By  railroad  to  the  Edison  laboratory  at  Llewellyn  Park,  X.  J., 
where  the  party  were  entertained  at  luncheon  by  Mr.  Edison. 

Also,  optional  visits  by  individuals  or  small  parties  to  the  follow- 
ing points : 

The  Spiral  Weld  Tube  Works,  East  Orange,  X.  J. ;  works  of  the 
Passaic  Zinc  Company,  Xew  Jersey  ;  Passaic  Rolling-mill,  Paterson, 
X".  J. ;  Xew  York  and  Brooklyn  Bridge;  Hudson  river  tunnel ;  and 
many  other  points  of  interest  in  and  near  the  city. 

In  addition  to  the  above  list,  the  ladies  accompanying  members 
and  guests  of  the  Iron  and  Steel  Institute  and  the  American  Insti- 
tute of  Mining  Engineers  were  provided  for  in  special  excursions  by 
carriage  on  Tuesday  and  Wednesday,  to  Central  Park,  Riverside 
drive,  the  Metropolitan  Museum  of  Art,  and  leading  jewelry,  dry- 
goods,  and  other  shops  of  the  city.  A  theater  party  was  also  organ- 
ized for  their  entertainment  on  Thursday  evening.  These  and  other 
arrangements  for  the  reception  of  ladies  were  in  charge  of  the  follow- 
ing special  ladies'  committee  : 

Mrs.  J.  C.  Bayles,  President;  Mrs.  J.  P.  Holloway,  Vice-President ;  Mrs.  Horace 
See,  Secretary  ;  Mrs.  Abram  8.  Hewitt,  Mrs.  Andrew  Carnegie,  Mrs.  James  A.  Bur 
den,  Mrs.  Edward  Cooper,  Mrs.  George  A.  Crocker,  Mrs.  Henry  R.  Towne,  Mrs 
George  H.  Hull,  Mrs.  Jolin  C.  Kafer,  Mrs.  R.  W.  Raymond,  Mrs.  Cliailes  Macdon 
aid,  Mrs.  J.  H.  Harris,  Mrs.  B.  S.  Clinrch,  Mrs.  Levi  Holbrook,  Mrs.  John  Stanton 
Mrs.  W.  A.  Perry,  Mrs.  F.  S.  Witherbee,  Mrs.  F.  H.  Prentiss,  Mrs.  John  Thomson 
Mrs.  David  Williams,  Mrs.  J.  F.  Lewis,  Mr.s.  F.  R  Hntton,  Mrs.  John  Bogart,  Mrs 
C.  M.  Kempton,  Mrs.  S.  W.  Baldwin,  Mrs.  I.  P.  Pardee,  Mrs.  H.  G.  Torrey,  Miss 
Bessie  Baldwin,  Miss  Lily  Raymond,  Miss  Josephine  F.  Rand,  Miss  Florence  O. 
Rand,  Miss  Antoinette  Harris,  Miss  Isabel  Harris. 
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Local  Committee. 

Jolin  H.  Ricketson,  Chairman  General  Committee ;  "William  L.  Abbott,  Chainnan 
Executive  Committee;  Jos.  Abel,  G.  Aertsen,  Henry  Aiken,  Chester  B.  Albree,  Edw. 
B.  AIsop,  D.  Ashworth,  Moses  Atwood,  Charles  Bailey,  James  M.  Bailey,  Phinea'^ 
Barnes,  A.  J.  Barr,  Hon.  Thomas  M.  Bayne,  G.  M.  Beach,  Max.  J.  Becker, 
George  A.  Berry,  Jnlins  Bieler,  John  Bindley,  George  P.  Black,  John  W.  Black, 
G.  H.  Blaxter,  A.  Bradley,  J.  A.  Brashc9,r,  A.  F.  Brown,  H.  G.  Brown,  J.  Stuart 
Brown,  J.  W.  Brown,  Jos.  S.  Brown,  J.  I.  Buchanan,  H.  Bnhl,  Jr.,  A.  P.  Bnrch- 
field,  A.  M.  Byers,  H.  M.  Byllesby,  John  Campbell,  William  Campbell,  Robert  H. 
Campe,  David  A.  Carter,  George  A.  Chalfant,  J.  VV.  Chalfant,  James  A.  Chambeis, 
Harvey  B.  Chess,  A.  H.  Childs,  George  H.  Clapp,  C.  J.  Clarke,  Edw.  L.  Clark,  C.  L. 
Cole,  H.  E.  Collins,  James  Collord,  William  H.  Conley,  E.  C.  Converse,  W.  C 
Cronemeyer,  Horace  Crosby,  H.  M.  Curry,  Hon.  John  Dalzell,  Henry  Darlington, 
James  Dargie,  Charles  Davis,  Alex.  Dempster,  Charles  R.  Dilworth.  Jos.  R.  Dil- 
worth,  Lawrence  Dilworth,  Charles  Donnelly,  Edw.T.  Dravo,  H.  G.  Dravo,  Charles 
E.  Dudley,  Herbert  DuPuy,  William  A.  Edeburn,  Theo.  N.  Ely,  E.  M.  Ferguson, 
G.  W.  G.  Ferris,  C.  L.  Fitzhugh,  John  Flannery,  E.  A.  Ford,  Edw.  Ford,  J.  B. 
Ford,  Charles  Foster,  H.  C.  Fownes,  W.  C.  Fownes,  Aaron  French,  H.  C.  Frick, 
Chairvian  Finance  Committee;  J.  W.  Friend,  James  Gayley,  T.  H.  Given,  M.  B. 
Goff,  George  J.  Gorman,  Mayor  Gourley,  Matthew  GraffJ  A.  L.  Griffin,  S.  P.  Har- 
bison, John  Harper,  Jr.,  G.  B.  Harton,  S.  W.  Hay,  F.  J.  Hearne,  H.  J.  Heinz, 
James  Hemphill,  D.  (.'.  Herbst,  Henry  D.  Hibbard,  I.  E.  Hirsch,  Elliott  Holbrook, 
W.  J.  Holland,  John  G.  Holmes,  C  E.  Hubbard,  Millard  Hunsiker,  Alfred  E. 
Hunt,  Secretary  Executive  Committee;  C  G.  Hussey,  F.  A.  Hutchinson,  J.  B.  Jack- 
son, Benjamin  F.  Jennings,  J.  H.  Johnson,  William  G.  Johnston,  B.  F.  Jones,  W. 
Larimer  Jones,  A.  F.  Keating,  Thomas  Keenan,  Jr.,  George  A.  Kelly,  George  D. 
Kelly,  Hugh  Kennedy,  Julian  Kennedy,  John  C.  Kirkpatrick,  W.  E.  Koch,  James 
Lappan,  H.  W.  Lash,  George  Lauder,  G.  M.  Laughlin,  H.  A.  Laughlin,  .James 
Laughlin,  Jr.,  J.  G.  A.  Leishman,  William  J.  Lewis,  W.  E.  Lincoln,  Gustave  Lin- 
denthal,  Henry  Lloyd,  Charles  Lockhart,  Andrew  Long,  W.  B  Lupton,  Christopher 
L.  Magee,  S.  S.  Marvin,  A.  W.  Mellon,  William  Metcalf,  Charles  Meyran,  Reuben 
Miller,  J.  B.  Milholland,  John  Moorhead,  Jr.,  M.  K.  Moorhead,  W.  J.  Moorhead, 
George  Morris,  L.  M.  Morris,  William  Mullins,  R.  Munroe,  David  McCargo, 
George  McCleane,  S.  McClure,  William  McConway,  James  McCrea,  William 
McCreery,  James  H.  McCutcheon,  John  R.  McGinley,  H.  Sellers  McKee,  W.  ^L 
McKelvy,  Wharton  McKnight,  Charles  B.  McLean,  George  G.  McMurtry,  James 
McNeill,  John  N.  Neeb,  Theo.  W.  Nevin,  F.  F.  Nicola,  Alex.  Nimick,  Eugene  M. 
O'Neill,  W.  W.  O'Neil,  Jr.,  D.  B.  Oliver,  George  T.  Oliver,  H.  W.  Oliver,  James 
B.  Oliver,  Charles  Paine,  A.  E.  W.  Painter,  G.  Blair  Painter,  Jacob  Painter,  Jr., 
William  P.  Palmer,  Eugene  W.  Pargny,  D.  E.  Park,  James  H.  Park,  William  G. 
Park,  Simon  Perkins,  Henry  Phipps,  James  B.  Pierce,  J.  J.  Pierce,  Robert  Pit- 
cairn,  H.  K.  Porter,  John  C.  Porter,  W.  C.  Quincy,  Henry  R.  Rea,  Nelson  P.  Reed, 
Joshua  Rhodes,  William  B.  Rhodes,  John  H.  Ricketson,  O.  G.  Ricketson,  D.  C. 

B 
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Kiplev,  ThoriKifi  B.  Riter,  T.  P.  Roberts,  George  Robinson,  Tbomas  Rodd,  William 
Roseburg,  M.  Rosenbaum,  B.  H.  Rnbie,  W.  T.  Sanger,  William  J.  Sawyer,  C.  C. 
Scaife,  Marvin  F.  Scaife,  O.  P.  Scaife,  W.  Lncien  Scaife,  William  E.  Schmertz, 
Fred.  A.  Sclieffler,  J.  M.  Schoonmaker,  S.  L.  Schoonmaker,  A.  L.  Schiiltz,  C.  J. 
Scliiiltz,  J.  E.  Schwartz,  James  B.  Scott,  Jos.  S.  Seaman,  David  Shaw,  William  P. 
Shinn,  Wiliiani  H.  Singer,  John  S.  Slagle,  F.  Slataper,  Andrew  D.  Smith,  F.  B. 
Smith,  H.  D.  Smith,  Persifor  F.  Smith,  W.  P.  Snyder,  Norman  Spang,  J.  J.  Spear- 
man, John  Z.  Speer,  C.  P.  Staff.rd,  G.  A.  Steiner,  Cephas  Taylor,  E.  B.  Taylor, 
William  Thaw,  Jr.,  E.  H.  Utley,  J.  J.  Vandergrift,  John  Walker,  John  W.  AValker, 
Jos.  Walton,  George  Warden,  M.  W.  Watson,  Jos.  D.  Weeks,  William  Weihe, 
Calvin  Wells,  George  Westinghonse,  Jr.,  C.  Y.  Wheeler,  E.  A.  Wheeler,  Henry 
White,  George  I.Whitney,  Frank  Wilcox,  John  F.Wilcox,  J.  P.  Witherow,  Allan 
W.  Wood,  B.  L.  Wood,  Jr.,  R.  G.  Wood,  W.  Dewees  Wood,  Mayor  Wyman,  Charles 
H.  Zng. 

Hotel- JI(?adquarter»,  Monongahela  Honse. 

These  sessions  were  held  in  Carnegie  Hall,  Allegheny  City,  by 
the  Iron  and  Steel  Institnte,  the  Yerein  Deutscher  Eisenhiittenleute 
and  the  American  Institnte  of  Mining  Engineers,  members  of  other 
technical  societies  being  also  invited  to  take  part. 

The  first  session  was  held  on  Thursday  morning,  October  9th, 
Sir  James  Kitson,  Bart.,  President  of  the  Iron  and  Steel  Institute, 
in  the  chair.  An  eloquent  address  of  welcome  was  delivered  on 
behalf  of  the  Local  Committee  of  Reception  by  Mr.  John  H.  Ricket- 
son,  of  which  the  following  is  a  condensed  report: 

After  suitable  complimentary  allusion  to  the  distinguislied  char- 
acter of  the  assembly,  and  particular  mention  of  Sir  James  Kitson, 
Sir  Lowthian  Bell,  Sir  William  T.  Lewis,  and  Messrs.  Richards, 
Martin,  Siielus  and  Jeans  of  the  Iron  and  Steel  Institute,  and  Mr. 
Berkeley,  senior  vice-president  of  the  Institution  of  Civil  Engineers, 
and  of  Messrs.  Thielen,  Wedding,  Daelen  and  Schroedter  of  the 
Verein  Deutscher  Eisenhiittenleute,  all  of  whom  were  present,  and 
an  expression  of  regret  at  the  absence  of  Sir  Henry  Bessemer,  Hon. 
A.  S.  Hewitt  and  ]Mr.  Andrew  Carnegie,  Mr.  Ricketson  gave  a 
graphic  description  of  the  industrial  situation  of  Pittsburgh,  con- 
cluding as  follows : 

We  have  here  twenty  one  blast-furnaces,  which  in  1889  produced 
1,293,435  tons  of  pig-iron;  thirty-three  rolling-mills,  twenty-seven 
of  which  roll  steel,  and  their  production  in  1889  was  1,105,573  tons 
of  steel  and  638,450  tons  of  rolled  iron.  Our  annual  capacity  of 
steel  rails  is  at  present  550,000  tons.  Our  product  of  wrought-iron 
pipes  this  year  will,  I  am  informed,  not  fall  short  of  350,000  tons, 
while  our  output  of  structural  iron  and  steel  will  be  fully  165,000 
tons.     We  have  forty-nine  iron  foundries,  representing  a  capital  of 
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nearly  ^10,000,000.  The  principal  electrical  industry  in  Pittsburgh 
is  in  apj)aratus  for  incandescent  lighting.  Of  the  dynamos  in  the 
United  States,  having  a  capacity  for  the  supply  of  current  for 
1,500,000  sixteen  candle-power  lamps,  Pittsburgh  alone  has  fur- 
nished 650,000,  or  nearly  44  per  cent.  We  have  fifteen  firms  or 
companies  making  window-glass,  thirty-seven  making  flint  and  lime 
glass,  and  fifteen  making  green  and  black  glass  bottles.  The  15,000 
coke-ovens  in  this  district  consume  9,000,000  tons  of  coal  in  making 
their  product  of  about  6,000,000  tons  of  coke.  In  1889,  in  round 
numbers,  we  shipped  to  Southern  markets  by  river,  4,000,000  tons  ; 
we  shipped  to  Eastern  markets  by  rail,  2,500,000  tons;  we  shipped  by 
rail  for  reshipraent  by  lake,  1,000,000;  the  railroads  entering  Pitts- 
burgh used  1,000,000;  we  shipped  by  rail  to  North-Easteru  mar- 
kets, 500,000 ;  we  used  for  home  and  miscellaneous  trade,  2,000,000 ; 
making  a  grand  total  of  20,000,000  tons,  or  about  60  per  cent,  of 
the  output  of  bituminous  coal  in  Pennsylvania. 

The  railway  tonnage  of  Allegheny  county,  of  business  originating 
here,  exclusive  of  what  passes  through,  is  20,000,000  tons  per  annum, 
or  a  fraction  over  3  per  cent,  of  the  total  railway  tonnage  of  the 
United  States,  which  amounted  in  1889  to  619,137,237  tons. 

J  am  officially  informed  that  in  this  district  750,000,000  feet  of 
natural  gas  are  delivered  each  day  through  1125  miles  of  pipe  to 
consumers  in  our  mills  and  factories,  and  to  upwards  of  30,000  pri- 
vate warehouses,  stores,  hotels,  and  dwellings.  The  present  annual 
displacement  of  coal  by  natural  gas  is  estimated  at  about  8,000,000 
of  tons.  There  are  46,000  oil-wells  in  the  United  States,  producing 
on  an  average  130,000  barrels  per  diem,  and  representing  a  capital 
of  §120,000,000.  There  are  10,000  miles  of  pipe-lines  for  the  trans- 
portation of  crude  petroleum,  involving  a  capital  of  $50,000,000. 
The  stock  in  tanks,  at  present,  of  crude  petroleum  is  26,500,000  bar- 
rels. The  country  has  a  refining  capacity  of  140,000  barrels  per 
day  for  illuminating  oil,  and  15,000  barrels  per  day  are  used  for  fuel 
purposes. 

Gentlemen,  Avhen  iq  addition  to  the  300,000,000  of  barrels  of  pe- 
troleum which  have  flowed  from  the  soil  of  Pennsylvania  between 
1876  and  1890,  we  remember  that  she  is  still  producing  2,500,000 
barrels  per  month  ;  that  her  total  yearly  output  of  bituminous  coal 
is  30,000,000  of  tons,  and  of  anthracite  35,400,000  of  tons,  and  that 
she  produced  last  year  within  a  small  fraction  of  one  half  of  all  the 
pig-iron  and  more  than  half  of  all  the  rolled  iron  and  steel  made  in 
the  country,  you  can  form  some  conception  of  the  immeasureable  and 
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boundless,  though  then  hidden,  resources  of  the  princely  domain  of 
44,986  square  miles  which  King  Charles  II.  ceded  to  the  Penns  in 
satisfaction  of  a  claim  against  the  British  Government  for  £16,000. 

INIore  than  two  thousand  years  ago  a  Hebrew  sage,  in  the  spirit  of 
prophecy,  the  fulfilment  of  which  we  are  witnessing  to-day,  uttered 
these  words,  which  in  this  presence  seem  like  a  benediction  :  "Every 
carpenter  and  work-master  that  laboreth  night  and  day,  ....  the 
smith  also  sitting  by  the  anvil  and  considering  the  iron-work ;  the 
vapor  of  the  fire  wasteth  his  flesh,  and  he  fighteth  with  the  heat  of 
the  furnace;  the  noise  of  the  hammer  and  the  anvil  is  ever  in  his 
ears,  and  his  eyes  look  still  upon  the  pattern  of  the  thing  that  he 
maketh.  He  setteth  his  mind  to  finish  his  work,  and  watcheth  to 
polish  it  perfectly.  So  doth  the  potter,  sitting  at  his  work  and  turn- 
ing the  wheel.  ...  All  these  trust  to  their  hands,  and  every  one  is 
wise  in  his  work.  .  .  .  Without  these  cannot  a  city  be  inhabited. 
They  shall  not  sit  on  the  judge's  seat,  nor  understand  the  sentence  of 
judgment,  and  they  will  not  be  found  where  parables  are  spoken. 
But  they  shall  maintain  the  state  of  the  world,  and  all  their  desire  is 
in  the  work  of  their  craft." 

Sir  James  Kitson,  after  a  suitable  acknowledgment  of  this  wel- 
come, delivered  the  opening  address.* 

The  following  papers  were  read  and  discussed : 

On  the  Probable  Future  of  the  Manufacture  of  Iron,  by  Sir 
Lowthian  Bell,  Middlesbrough,  England. 

The  Protection  of  Iron  and  Steel  Ships  against  Foundering  from 
Injury  to  their  Shells,  Including  the  Use  of  Armor,  by  Sir  Nathaniel 
Barnaby,  K.C.B.,  London,  England. 

The  Development  of  the  Marine  Engine  and  the  Progress  made 
in  Marine  Engineering  during  the  past  Fifteen  Years,  by  A.  E. 
Seaton,  Hull,  England  (read  by  title  only). 

The  second  session  was  held  at  the  same  place  on  Friday  morn- 
ing, October  10th,  Mr.  Alexander  Thieleu,  of  the  Yereiu  Deutscher 
Eisenhiittenleute,  in  the  chair,  succeeded  during  the  latter  part  of 
the  session  by  Mr.  H.  :\[.  Howe,  Vice-President  of  the  A.  I.  M.  E. 

Alter  brief  introductory  remarks  by  Mr.  Thielen,  Dr.  R.  W. 
Raymond,  of  New  York,  called  attention  to  the  circumstance  that 
the  semi-centennial  celebration  of  the  famous  mining  academy  of 
Leoben,  founded  by  Peter  von  Tunuer,  an  honorary  member  of  all 

*  See  "British  Contributions  to  the  Metallurgy  of  Iron  and  Steel,"  in  another 
part  of  this  volume. 
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three  of  the  societies  here  represented,  was  in  progress  at  that  time. 

O 

Without  disparagement  of  Griiner  of  France,  Akerman  of  Sweden, 
or  the  brilliant  Scheerer — too  early  lost — of  Freiberg,  and  without 
forgetting  the  laborious  researches  of  Percy  and  Bell,  he  was  con- 
fident that  all  would  join  in  declaring  the  pre-eminent  services  ren- 
dered to  the  metallurgy  of  iron  by  Tunner,  the  Nestor  of  their  pro- 
fession. Dr.  Raymond  concluded  by  reading  the  following  letter 
from  Dr.  T.  Sterry  Hunt,  a  past  president  of  the  Institute  of  INIining 
Engineers,  and  a  friend  and  colleague  of  Peter  von  Tunner : 

New  York,  October  1, 1890. 

Dear  Dk.  Raymond  :  The  mention  of  the  name  of  Peter  Von  Tunner  of 
Leoben  awakens  in  me  many  pleasant  and  tender  memories.  More  than  thirty- 
five  years  since,  at  the  great  Exposition  at  Paris  in  1855,  I  was  the  youngest  of  a 
group  of  jurors  appointed  to  examine  and  judge  the  objects  therein  belonging  to 
the  domain  of  geology,  mining  and  metallurgy.  It  is  srifficiant  to  mention  among 
my  colleagues  the  names  of  Elie  de  Beaumont,  Dubrensy,  de  Chancourtois,  Callou, 
de  Vaux,  Warington  W.  Smyth  and  Peter  von  Tunner.  Of  that  group  of  jurors, 
so  far  as  I  am  aware,  von  Tunner  and  myself  are  to-day  the  only  survivors.  How 
he  endeared  himself  to  me  and  to  us  all  by  his  assiduity,  his  earnestness,  his  sim- 
plicity and  his  profound  knowledge  of  the  principles  and  details  of  his  profession, 
I  still  remember  with  delight. 

Again,  in  1876,  having  as  colleagues  our  honored  fellow-members,  Sir  Lowthian 
Bell  and  the  lamented  Alexander  Holley,  whose  monument  in  bronze  we  have  so 
lately  unveiled  in  New  York,  I  was  a  judge  at  our  Centennial  Exhibition  at  Phila- 
delphia. It  was  then  my  good  fortune  at  one  of  the  informal  evening  gatherings  of 
our  Institute  of  Mining  Engineers  to  receive  as  our  guest  the  Ritter  von  Tuuner,  and 
to  bid  him  welcome  to  the  Institute  which  he  had  already  honored  by  his  member- 
ship. I  well  remember  his  pleasant  surprise  and  his  emotion  at  this  greeting  after 
twenty-one  years  from  his  former  colleague. 

And  now  in  the  fulness  of  time  are  gathered  the  representatives  of  three  societies, 
one  from  Great  Britain,  one  from  Germany,  and  a  third,  their  friendly  rival,  all 
devoted  to  that  profession  which  von  Tunner  has  done  so  much  to  render  illus- 
trious, and  each  claiming  him  as  an  honorary  member.  And  by  a  happy  coin- 
cidence they  meet  in  the  great  center  of  the  American  iron  industry  on  the  day 
Leoben  celebrates  the  jubilee  of  its  world-famed  metallurgical  school  and  of  its 
founder,  Peter  von  Tunner.  What  more  fitting  and  proper  than  that  we  should 
send  across  the  sea  on  this  occasion  our  hearty  greetings.  I,  therefore,  venture  to 
propose  a  telegraphic  message  from  our  international  session  conveying  our  con- 
gratulations to  von  Tunner  and  to  Leoben. 

Yours  truly, 

T.  Sterry  Hunt. 

Dr.  Raymond  moved  that  a  cable-dispatch  be  sent  to  Professor 
Hoefer,  the  orator  of  the  day  at  Leoben,  conveying  the  congratula- 
tions of  this  meeting  to  Ritter  von  Tunner  and  the  I./eoben  Academy 
in  these  words : 
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Tlie    International   Session  of  German,    British,  and  American    Engineers  and 
Jletallurgists  send  greetings  to  Tiinner  and  Leoben. 

Sir  Lowthian  Bell:  Mr.  President,  Dr.  Raymond  has  wisely 
abstained  from  entering  into  any  details  with  regard  to  the  eminent 
services  which  have  been  rendered  by  Ritter  von  Tunner  to  the 
science  of  metallurgy;  and  he  has  done  this  simply  because  to 
enumerate  them  would  be  to  traverse  almost  the  entire  field  of 
scientific  investigation  of  the  metallurgy  of  iron.  Sir,  I  have  very 
great  pleasure,  indeed,  in  seconding  this  motion.  My  acquaintance 
with  Ritter  von  Tunner  is,  perhaps,  longer  than  that  of  any  gentle- 
man whom  I  have  the  honor  of  addressing;  it  dates  back  just  fifty 
years,  or  to  the  very  time  when  Professor  von  Tunner  was  engaged 
in  founding  the  college  at  Leoben.  Circumstances  at  first  prevented 
me  from  availing  myself  of  the  advantages  I  might  have  derived 
from  an  intimate  acquaintance  with  so  illustrious  a  man.  But  some 
eighteen  or  twenty  years  later  it  was  my  pleasure  and  privilege  to 
read  of  his  researches  on  the  action  of  the  blast-furnace,  and  it  was 
only  when  I  came  to  fully  appreciate  the  value  of  these  researches 
that  my  mind  was  directed  to  a  further  inquiry  into  the  actions  of 
the  most  important  elements  in  the  manufacture  of  iron.  Since  that 
time  we  have  maintained  a  frequent  correspondence,  and  I  do  not 
overrate  in  the  slightest  degree  the  bonds  which  have  united  us 
when  I  .say  that  a  more  affectionate  friend  I  never  possessed.  At 
the  time  when  the  American  Institute  of  Mining  Engineers  honored 
me  by  electing  me  as  an  honorary  member,  I  was  not  aware,  Sir, 
that  Professor  Tunner  was  similarly  distinguished.  I  esteem  the 
honor  the  greater  in  having  my  name  coupled  with  one  so  illustrious  ; 
but  I  am  surprised.  Sir,  that  the  small  services  which  I  may  have 
rendered  to  the  science  of  metallurgy  were  not  completely  eclipsed 
by  the  gentleman  who  received  that  mark  of  distinction  at  the  hands 
of  the  mining  engineers  of  the  United  States.  I  now  beg  to  second 
in  the  most  cordial  manner  the  motion  just  submitted  to  this  meeting. 

The  motion  was  unanimously  carried  by  a  rising  vote. 

The  Chairman  (Mr.  Thielen)  then  offered  the  following  resolution, 
which  he  called  on  Mr.  Gilchrist  to  second : 

"  Resolved,  That  this  International  Assembly  recognizes  with 
gratitude  the  services  rendered  to  the  progress  of  the  metallurgy  of 
steel  by  the  labors  of  the  late  Professor  Griiner,  Alexander  L. 
Holley,  C.  AV.  Siemens,  Sidney  Gilchrist  Thomas,  John  Percy,  and 
Daniel  Adamson  ;  and  that  the  Secretary  of  this  session  be  instructed 
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to  communicate  officially  to  the  surviving  representatives  of  these 
distinguished  men  the  expression  of  this  feeling." 

In  seconding  this  resolution,  Mr.  Percy  C  Gilchrist  alluded  to 
the  gentlemen  named  in  it  substantially  as  follows: 

Gri'mer,  that  great  French  metallurgist,  whose  writings  will  always 
be  I'enierabered  ibr  the  great  principles  they  set  forth,  and  who  so 
clearly  foresaw  how  phosphorus  could  be  eliminated  when  pig-iron 
was  to  be  converted  into  steel. 

HoRey,  the  great  steel-making  engineer,  the  keen  observer,  and 
critic  of  our  European  practice,  who,  with  the  able  co-operation  of 
his  American  colleagues,  enabled  our  cousins  on  this  side  the  ocean 
to  obtain  the  maximum  output  from  a  given  plant  without  the  sacri- 
fice of  quality. 

Siemens,  one  of  the  most  versatile  inventors  the  world  has  seen, 
whose  fame  is  forever  associated,  among  his  other  great  achieve- 
ments, with  the  invention  of  the  regenerative  furnace  and  the  estab- 
lishment of  the  open-hearth  manufacture  of  steel. 

Thomas,  who  independently  discovered  the  practical  method  of 
eliminating  phosphorus  from  phosphoric  pig-iron,  and  inaugurated 
the  basic  process  which  bears  his  name. 

Percy,  our  grand  old  English  metallurgist,  who  was  the  first  to 
codify  our  knowledge  and  experience  in  the  manufacture  of  iron  and 
steel. 

Adamson,  who  added  to  other  claims  upon  our  admiration  and 
affection  that  of  his  influential  example  and  argument  in  favor  of 
the  general  employment  of  steel  for  boiler-plates ;  and  who,  as  the 
President  of  the  Iron  and  Steel  Institute,  had  so  much  at  heart,  and 
did  so  much,  to  bring  about  the  International  meeting  which  this 
session  crowns  and  concludes. 

The  resolution  was  then  unanimously  adopted. 

The  following  papers  were  then  presented  and  discussed  : 

The  Progress  of  German  Practice  in  the  Metallurgy  of  Iron  and 
Steel  since  1876,  with  Special  Reference  to  the  Basic  Process,  by  Prof. 
Hermann  Wedding,  Berlin,  Germany. 

On  the  Darby  Process  of  Recarburization,  by  A.  Thielen,  Ruhr- 
ort,  Germany. 

International  Standards  for  the  Analysis  of  Iron  and  Steel :  Notes 
on  the  Work  of  the  American  Committee,  by  John  W.  Langley, 
Pittsburgh,  Pa. 

Aerial  Wire  Ropeways,  by  J.  Pohlig,  Cologne,  Germany. 
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The  Iron-Ores  of  the  United  States,  by  T.  Sterry  Hunt,  New 
York  City  (r&ad  by  title  only). 

After  the  passage  of  suitable  resolntions  of  acknowledgment  for 
courtesies  and  hospitalities  received,  the  session  was  adjourned. 

Excursions  and  Entertainments. 

All  extraordinarily  interesting  and  elaborate  programme  was  pro- 
vided by  the  local  Reception  Committee: 

Thursday,  October  9th,  after  the  close  of  the  first  session. — 1. 
Excursion  over  the  Pittsburgh  and  Western  Railroad  to  the  Wild- 
wood  oil-field,  where  gas  and  petroleum  wells  were  seen  in  various 
stages  of  evolution,  and  the  operation  of  "shooting"  a  well  was 
witnessed. 

2.  Visit  to  the  Pittsburgh  Exposition. 

3.  Excursion  by  steamer  down  the  Ohio  river  to  the  Davis 
Island  Dam  and  the  new  Ohio  Connecting  Bridge. 

4.  Excursion  over  the  Pennsylvania  Railroad  to  the  new  shops  of 
the  Westinghouse  Air-Brake  Company  at  Wilmerding. 

6.  Excursion  over  the  Baltimore  and  Ohio  Railroad  to  the  mines 
of  the  First  Pool  Monongahela  Gas  Coal  Company,  where  the  prac- 
tical application  of  electricity  to  mining  was  witnessed. 

6.  Excursion  over  the  West  Penn  Railroad  to  the  open-hearth 
steel  plant  of  the  Spang  Steel  and  Iron  Company  at  Etna. 

Also,  visits  by  individuals  and  small  parties  to  the  works  of  the 
Westinghouse  Electric  Company ;  Sable  Iron  Works;  Mackintosh, 
Hemphill  &  Co. ;  Pittsburgh  Steel  Casting  Company  ;  Park  Bro. 
&  Co.;  Soho  Iron  Mills;  La  Belle  Steel  Works;  Linden  Steel 
Company ;  Singer,  Nimick  &  Co. ;  Oliver  Iron  and  Steel  Company ; 
Oliver  and  Roberts  Wire  Company;  American  Iron  Works;  and 
several  other  establishments  of  interest. 

In  the  evening,  a  brilliant  reception  at  the  Duquesne  Club  was 
tendered  by  the  Reception  Committee. 

Friday,  October  10th,  after  the  close  of  the  second  session.— Ex- 
cursion up  the  Monongahela  river,  on  the  steamer  Mayflower,  to  the 
Edgar  Thomson  Steel  Works  of  Carnegie  Bros.  &  Co.,  and  the 
Homestead  Steel  Works  of  Carnegie,  Phipps  &  Co.  A  collation 
was  served  on  board,  and  on  the  return  trip,  at  7.46  p.m.,  a  beau- 
tiful pyrotechnic  display  of  natural  gas,  arranged  at  Hay's  Station 
by  the  Philadelphia  Company,  was  witnessed  from  the  boat. 

Saturday,  October  11th.— A  choice  of  two  all-day  excursions: 
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1.  By  special  train  via  the  Pennsylvania  Railroad  to  the  Connells- 
ville  coke  region.     Luncheon  on  the  train. 

2.  By  special  train  via  the  West  Penn  Railroad  and  the  Alle- 
gheny Valley  Railroad  to  many  of  the  works  along  the  Allegheny 
river.  These  included  the  Isabella  blast-furnaces  at  Etna;  the 
immense  works  of  the  Pittsburgh  Plate  Glass  Company  at  Taren- 
tum ;  the  Lucy  blast-furnaces ;  Crescent  Steel  Works ;  Keystone 
Bridge  Works;  Carbon  Iron  Company's  works  operating  a 
"  direct "  process ;  and  the  Pittsburgh  Reduction  Company's  plant 
for  the  manufacture  of  pure  aluminum.     Luncheon  was  served  on 

the  train. 

During  the  day  the  ladies  accompanying  the  visiting  members  of 
the  several  societies  were  most  pleasantly  entertained  by  the  ladies 
of  Pittsburgh  and  Allegheny,  and  in  the  evening  enjoyed  a  fine 
organ  recital  in  Carnegie  Hall. 


PROCEEDINGS   OF  THE  FIFTY-EIGHTH  (ANNUAL)  MEET- 
ING, NEW  YORK  CITY,  FEBRUARY,  1891. 

In  accordance  with  the  previous  announcement  of  the  Council,  the 
proceedings  of  this  meeting  were  confined  to  the  necessary  annual 
election  of  officers  and  the  presentation  of  the  report  of  the  Council. 

Messrs.  E.  Renshaw  Bush,  S.  A.  Reed,  and  George  B.  Wilkinson 
were  appointed  Scrutineers,  and  after  having  examined  the  ballots 
received,  according  to  Rule  V.,  reported  the  election  of  the  following 
persons : 

President,  John  Birkinbine,  Philadelphia,  Pa.  Vice-Presidents, 
S.  B.  Christy,  Berkeley,  Cal.;  E.  C.  Pechin,  Roanoke,  Va. ;  J.  C. 
F.  Randoli)h,  New  York  City.  Managers,  J.  B.  Mackintosh,  New 
York  City;  J.  A.  Porter,  Durango,  Colo.;  J.  C.  Smock,  Trenton, 
N.  J.  Treasurer,  Theo.  D.  Rand,  Philadelphia,  Pa.  Secretary, 
Rossiter  W.  Raymond,  New  York  City. 

The  report  of  the  Council  was  then  presented,  and  the  meeting 
adjourned. 

Annual  Report  of  the  Council. 

In  accordance  with  the  decision  of  the  Council,  announced  in  its 
last  annual  report,  no  spring  meeting  was  held  in  1890.     Two  meet- 
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ings  oiilv  have  been  lield  during  the  year:  the  twentieth  annual 
njeeting  (being  (he  fifty-sixth  of  the  Institute),  at  Wasliington,  in 
February,  which  was  made  particularly  enjoyable  by  a  large  attend- 
ance, excellent  papers,  and  delightful  vveather;  and  a  memorable 
September  meeting  in  New  York,  immediately  preceding  the  xlmeri- 
caii  meeting  of  the  Iron  and  Steel  Institute  in  this  city,  as  announced 
in  the  last  annual  report,  and  followed  early  in  October  by  Inter- 
national Sessions  in  Pittsburgh,  in  which  the  Iron  and  Steel  Institute 
and  tiie  Verein  Deutscher  Eisenhtittenleute  took  part.  As  soon  as 
the  j)rcliminaries  of  the  autumn  meeting  had  been  agreed  upon  with 
the  Council  of  the  Iron  and  Steel  Institute,  invitations  were  extended 
to  the  members  of  other  foreign  societies  to  visit  our  shores  at  the 
same  time,  and,  to  our  very  great  gratification,  the  acceptances  were 
so  numerous,  especially  from  the  members  of  the  Verein  Deutscher 
Eisenhiittenleute,  that  that  distinguished  body  was  virtually  repre- 
sented in  its  full  official  capacity,  and  imparted  to  the  international 
sessions  at  Pittsburgh  a  broader  character  than  could  have  been 
hoped  for,  at  the  same  time  enriching  our  Transactions  with  able  and 
valuable  contributions. 

In  the  interval  between  our  autumn  meeting  in  New  York  and 
the  international  sessions  in  Pittsburgh,  and  for  several  weeks  after 
the  latter,  the  members  of  this  Institute  and  the  foreign  visitors — 
numbering  over  500 — were  guests  of  the  American  Reception  Com- 
mittee, which  had  been  organized  by  the  joint  action  of  this  and  kin- 
dred engineering  societies,  the  American  Iron  and  Steel  Association 
and  the  American  iron  and  steel  trade  generally,  for  the  purpose  of 
entertaining  our  common  guests.  An  account  of  the  extensive  ex- 
cursion under  the  auspices  of  the  committee  will  be  published  in 
the  Transactions.  The  Council  desires  to  express  the  thanks  of  the 
Institute  to  the  General  Committee  and,  through  it,  to  the  various 
local  committees  whose  efficient  co-operation  contributed  so  much  to 
the  success  of  the  excursion,  and  to  recognize  with  specially  grateful 
appreciation  the  indefatigable  zeal  of  that  Committee's  Secretary, 
Mr.  C.  KirchhofF;  the  Chairman  of  its  Transportation  Committee, 
Mr.  William  P.  Shinn ;  and  its  Treasurer,  Mr.  George  A.  Crocker, 
all  well-known  members  of  the  Institute. 

The  financial  statement  of  the  Secretary  and  Treasurer  shows 
receipts  for  the  year  from  all  sources,  including  the  balance  at  the 
beginning  of  the  year,  of  $32,930.46,  and  expenditures  of  $32,057.56, 
leaving  a  surplus  of  $872.90.  In  addition  to  this  the  Treasurer 
holds  $7498  in  interest-bearing  securities  belonging  to  the  Institute, 
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as  follows:  United  States  4  per  cent,  bonds,  par  value  $2900;  cer- 
tificate of  deposit,  Real  Estate  Title  Insurance  and  Trust  Company 
(resultinj^  from  the  conversion  of  $4400  of  United  States  4|  per  cent, 
bonds),  $4598,  makintr  the  total  amount  of  cash  on  hand  and  securi- 
ties at  par  value,  $8370.90. 

The  detailed  statement  is  as  follows  : 


Statement  of  the  Seo-etary  and  Treasui 
ments  from  February  1,  1890, 

Balance  from  statement,  Feb- 
ruary 1,  1890,  .... 

Received  for  dues  from  members 
and  associates,  .         .         .         • 

Received  for  life  memberships,  . 

Received  for  sale  of  publications. 

Received  for  binding  Transac- 
tions,       .         .         .         •         •        .. 

Received  for  author's  pamphlets, 

Received  for  author's  engraving 
and  electrotj'ping,  .... 

Received  from  Holley  Memorial 
committee,      ..... 

Received  for  interest  on  United 
States  bonds  and  deposits, 

Paid  for  printing  Vol.  XVIII. 
of  Transactions, 

Paid  for  printing  pamphlet  edi- 
tions of  papers, 

Paid  for  printing  author's  edi- 
tions of  papers, 

Paid  for  printing  list  of  members, 

Paid  for  printing  mailing  list,    . 

Paid  for  printing  circulars  and 
ballots, 

Paid  for  binding  Vol.  XVIII. 
of  Transactions, 

Paid  for  binding  other  volumes 
of  Transactions, 

Paid  for  binding  of  exchanges,  . 

Paid  for  engraving  and  electro- 
typing,     

Paid  for  postage,  including  P.  O. 
box  rent,  .... 

Paid  for  stationery,     . 


■er,  of  Receipts  and  Disburse- 
to  January  31,  1891. 


• 

• 

$10,509  88 

$18,289  87 
1,100  00 
1,484  74 

87 
411 

54 

00 

178 

01 

331 

55 

$21,882  71 

. 

537  87 

$32,930  46 

^3,663 

35 

3,406 

49 

462  75 
172  50 
103  00 

204  21 

1,751 

33 

366  80 
114  25 

4,372  87 

1,261  95 
572  65 


Carried  forward, 


$16,452  15 
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Brought  forward, 

Paid  for  rent  of  offices, 

Paid    for    express    and    freight 
charges, 

Paid  for  janitor's  fees, 

Paid  for  telegrams  and  car-fares, 

Paid  for  insurance,     . 

Paid  for  coal,  ice,  and  porters,  . 

Paid  for  salaries— Secretary,  as- 
sistants, and  stenographers,     . 

Paid  for  expenses  of  Secretary,  . 

Paid  for  storage  on  Transactions, 

Paid  for  Vol.  XIX.  bank  folio 
paper, 

Paid  for  miscellaneous  printing, 

Paid  for  telephone,     . 

Paid  for  gas,        .... 

Paid  for  miscellaneous  expense, 
mailing  pamphlets, 

Paid  for  U.  S.  Ex.  Co.,  ex.  batch 
and  vol.,         .... 


$16,452 

15 

800  00 

204  47 

102  00 

17 

52 

9 

00 

76 

51 

7,891 

64 

362 

05 

1.58 

77 

1,306 

25 

225 

00 

77 

70 

10 

62 

59  40 

.518 

30 

$28,271  38 


$736  78 
794  41 

1,266  37 


Special  Expenses  for  Iron  and  Steel  Institute  Meeting 
Paid  for  printing  pamphlets,  600' 

edition,  .... 
Paid  for  Bureau  of  Information 
Paid  for  hire  of  halls,  stenog 

rapher,  and  lantern, 
Paid  for  extra  editorial    work 

Ex.  of  Secretary,     . 
Paid  for  stationery  and  sundries. 
Paid  for  express  and  porters, 
Paid  for  telegrams  and  raessen 

gers,         .... 
Paid  for  list  of  excursionists, 


715 

65 

97 

40 

122 

49 

22  58 

30  50 

Balance, 


3,786  IS 


$32,057  56 
872  90 

$32,930  46 


The  total  expenditures  of  the  year,  it  will  be  observed,  were 
larger  by  more  than  $13,000  than  those  of  the  preceding  year.  This 
apparent  difference  is  in  part  due  to  the  purchase  of  large  quantities 
of  special  plate-paper,  costing  in  the  aggregate  $1943.75.  This 
paper  is  manufactured  for  the  Institute,  and  is  ordered  in  lots  cost- 
ing over  $600  each.     Last  year  none  was  required,  l)ut  this  year 
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three  lots  have  been  purchased,  and  the  supply  on  hand  will  prob- 
ably last  through  more  than  the  next  year. 

The  expenses  of  the  Bureau  of  Information,  hire  of  halls  and 
holding  of  meetings,  amounting  to  $3786.18,  are  directly  charge- 
able to  the  recent  meeting  of  the  Iron  and  Steel  Institute  in  this 
country,  and  to  the  International  sessions,  in  which  that  society 
and  the  Verein  Deutscher  Eisenhuttenleute  were  represented,  at 
Pittsburgh.  But  the  above  sum  does  not  by  any  means  cover  the 
expense  of  the  Institute  in  this  connection.  The  increase  of  print- 
ing, engraving,  postage,  etc.,  in  short,  nearly  all  the  items  con- 
stituting the  increased  outlay  of  the  year,  may  be  traced  to  the  same 
cause. 

It  is  scarcely  necessary  to  say  that  no  expenses  of  social  receptions 
or  entertainment  of  the  members  or  the  foreign  guests  of  the  Insti- 
tute have  been  paid  out  of  its  treasury.  These  matters  were  in  the 
hands  of  a  general  reception  committee  and  of  various  local  com- 
mittees, representing,  not  the  Institute  merely,  but  other  technical 
societies,  the  iron  and  steel  trades,  and  our  citizens  generally.  The 
Institute  can  claim  no  credit  (except  so  far  as  its  individual  mem- 
bers may  have  deserved  it  by  their  personal  labors  and  contribu- 
tions) for  the  hospitalities,  organized  and  carried  out  at  an  expen- 
diture of  over  $150,000,  by  these  general  and  local  committees. 
Kor,  on  the  other  hand,  can  any  member  of  the  Institute  who  may 
not  have  participated  in  the  excursions  and  entertainments  of  Octo- 
ber last,  feel  that  money  contributed  in  dues  for  the  benefit  of  all 
members  through  the  regular  operations  of  the  Institute  was  diverted 
to  the  pleasure  and  advantage  of  a  few.  The  expenditures  of  the 
Institute  have  been  confined  to  the  usual  legitimate  objects,  and  no 
precedent  has  been  set  for  the  employment  of  its  funds  outside  of 
that  category.  This  point  is  emphasized,  not  by  reason  of  any  com- 
plaint or  criticism.  On  the  contrary,  the  enthusiasm  with  which 
members  regarded  the  proposed  visit  of  our  many  and  distin- 
guished foreign  guests  was  such  as  to  make  it  probable  that  any  con- 
tribution towards  their  entertainment  would  have  been  applauded. 
But  the  Council  felt  the  importance  of  adhering  to  the  established 
rule,  and  strengthening  the  precedents  of  the  past  in  its  support. 

Attention  should  also  be  called  to  the  circumstance  that  the  items 
of  salaries,  rent,  etc.,  show  no  increase,  and  that  the  normal  expenses 
of  the  Institute  have,  therefore,  not  been  increased  beyond  the  in- 
crease due  to  larger  editions  of  larger  and  more  expensive  publica- 
tions. 
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The  delivery  of  Volume  XVIII.  bound  without  extra  charge  to 
members,  involved  an  extra  cost  of  $1751.33.  This  practice  will  be 
continued  during  the  present  year,  in  the  belief  that  the  Institute 
can  afford  it. 

The  amendment  to  Rule  II.  authorizing,  at  the  oj^tion  of  the 
Council,  the  election  of  new  members  through  the  mail,  has  been 
adopted  by  a  vote  of  the  Institute  by  mail,  as  provided  in  Rule 
VIII.;  two  elections  of  members  have  been  conducted  under  this 
new  provision. 

Volume  XVIII.  was  the  largest  but  one  ever  published  by  the 
Institute.  In  consequence  of  its  size,  the  list  of  members  has  again 
been  omitted,  but  such  a  list  has  been  issued  in  pamphlet  form.  By 
the  courtesy  of  the  Iron  and  Steel  Institute,  all  of  the  papers  and 
debates  contributed  to  its  New  York  meeting  will  be  published  in 
Volume  XIX.  of  the  Transactions.  Three  thousand  six  hundred 
copies  of  this  volume  will  be  printed  ;  a  copy  will  be  presented  to 
each  of  our  late  foreign  guests,  leaving  an  unusually  large  surplus 
for  sale.  It  is  believed  that  this  volume  will  be  universally  ad- 
mitted to  excel,  in  value  as  well  as  variety,  any  previous  publica- 
tions of  its  class,  and  that  it  will  be  received  by  the  members  of  the 
Institute  as  fully  justifying  the  great  labor  and  expense  involved  in 
its  preparation. 

The  changes  in  membership  during  the  year  are  shown  in  the 
following  table: 


H.  M. 

F.  M. 

M. 

A. 

Totals. 

At  date  of  last  report 

10 

45 

1749 

179 

5 

1 

13 

45 

164 
31 

1968 

210 

8 

1 

20 

51 

8 

2ti 

219 

105 

2082 

(  Bv  Election 

Gains,  "I    "    Change  of  Status 

8 

(  "    Keinstatement 

f  "    Kesignation 

7 

6 

5 

4 

31 

22 

173 

T                 "     Dropping 

1    "     Change  of  Status 

•6 

t  "     Deaths 

Total  Gains 

1 

3 

] 

12 

21 

185 

79 

1855 

"     Losses 

Present  Membersh i  p 

3 
42 

The  list  of  deaths  comprises  the  names  of  Bergrath  Adolph  Pa- 
tera, Honorary  Member;  G.  Billing,  Thomas  G.  Boyle,  Michael  Car- 
roll, Thomas  P.  Conant,  Isaac  Fegeley,  H.  H.  Fisher,  Robert  G. 
Ford,  Frank  E.  Hopke,  Thomas  H.  Ilalbert,  Henry  C.  Kriete,  D. 
B.  Lienau,  W.  R.  MafPet,  Charles  W.  Matthews,  O.  E.  Michaelis, 
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Reuben  Miller,  William  Oliver,  Augustus  Pettibone,  A.  N.  Rogers, 
A.  B.  Stollmeyer,  C.  B.  Von  Tuyll,  M.  D.  AVheelcr,  Members;  and 
Augustus  C.  Brown,  Cyrus  Butler,  R.  Gatewood,  and  J.  H.  Irwin, 
Associates. 


Proceedings  of  the  Meeting  of  the  Iron  and  Steel 
Institute,  Nea\'  York,  October,  1890. 

The  following  is  an  outline  of  the  proceedings  of  this  meeting, 
more  fully  re})orted  in  the  Journal  of  the  above  Society.  The  paj)ers, 
addresses  and  discussions  of  technical  value,  are  given  in  full  in  the 
present  volume. 

Wedncsdfiy,  October  1. — Sir  James  Kitson,  Bart.,  President  of 
the  Institute  in  the  chair.  An  address  of  welcome  by  Mr.  Andrew 
Carnegie,  chairman  of  the  American  Reception  Committee,  was  fol- 
lowed by  a  response  from  the  president.  Addresses  of  welcome  and 
invitation  were  made  by  Mr.  Archibald  Blue,  Canadian  Deputy 
Minister  of  Agriculture,  and  Dr.  A.  C.  Selwyn,  Chief  of  the  Can- 
adian Geological  Survey,  on  behalf  of  the  authorities  of  the  Do- 
minion. After  the  election  of  Sir  Frederick  Abel  as  the  next  presi- 
dent, and  of  a  large  number  of  new  members,  a  paper  on  Develop- 
ment of  American  Blast-Furnaces,  by  Mr.  James  Gay  ley,  of  Brad- 
dock,  Pa.,  was  read  and  discussed. 

Thursday,  October  2. — After  the  conclusion  of  the  discussion  of 
Mr.  Gayley's  paper,  the  presentation  to  Hon.  Abram  S.  Hewitt  of 
the  Bessemer  gold  medal  was  made  in  an  appropriate  address  by  Sir 
James  Kitson,  and  acknowledged  by  Mr.  Hewitt,  who  delivered  in 
reply  an  address  describing  the  far-reaching  results  of  Bessemer's 
invention.     The  following  paper  was  then  read  and  discussed  : 

Notes  on  the  Bessemer  Process,  by  Henry  M.  Howe,  Boston, 
Mass. 

Friday,  October  3. — The  following  papers  were  read  and  dis- 
cussed : 

On  Aluminum  Steel,  by  R.  A.  Hadfield,  Sheffield. 

On  Welding  by  Electricity,  by  Professor  Elihu  Thomson,  Lynn, 
Mass. 

On  the  Wear  of  Metal,  as  Influenced  by  its  Chemical  and  Phy- 
sical Properties,  by  C.  B.  Dudley,  Altoona,  Pa. 

The  following  papers  were  read  by  title : 
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On  Fuel-Gas  and  some  of  its  applications,  by  Burdett  Loomis, 
Hartford,  Conn. 

On  Sj)irally-Welded  Steel  Tubes,  by  James  C.  Bayles,  East 
Orange,  N.  J. 

On  the  Inspection  of  Materials  of  Construction  in  the  United 
States,  by  G.  H.  Clapp  and  Alfred  E.  Hunt,  Pittsburgh,  Pa. 

On  the  Iron-Ores  of  Virginia,  and  their  Development,  by  E.  C. 
Pechitt,  Roanoke,  Va. 

On  jNIassicks  and  Crooke's  American  Patent  Fire-Brick  Hot- Blast 
Stoves,  by  Walter  Crooke,  Millom,  Cumberland. 


General  Excursions  Arranged  by  the  American 
Reception  Comaiittee. 

The  autumn  of  1890  was  signalized  by  a  remarkable  excursion  of 
three  weeks' duration,  in  which  several  hundred  foreign  and  American 
engineers,  accompanied  by  many  ladies,  took  part  as  the  guests  of  a 
general  reception  committee.  Early  in  1890  the  Iron  and  Steel  In- 
stitute of  Great  Britain  had  accepted  an  invitation  of  the  American 
Institute  of  Mining  Engineers  to  hold  its  next  annual  meeting  in 
New  York.  On  the  receipt  of  that  acceptance  the  members  of  other 
foreign  societies  had  been  invited  to  visit  the  United  States  at  the 
same  time  and  partake  of  the  hospitalities  which  were  extended  with 
equal  cordiality  to  all.  To  this  invitation  the  members  of  the  Verein 
Deutscher  Eisenkuttenlexiie  responded  in  such  welcome  numbers  that 
the  excursion  party  exceeded  in  size  and  representative  character  the 
most  sanguine  expectations  of  its  organizers,  and  eventually  included 
about  five  hundred  foreign  and  more  than  one  hundred  American 
members.  The  initiative  taken  by  the  Institute  of  Mining  En- 
gineers was  heartly  supported  by  all  kindred  societies,  and  by  the 
Iron  and  Steel  Association  and  the  iron  trade  generally,  and  resulted 
in  the  formation  of  an  American  Reception  Committee,  with  the 
following  representative  membership: 

Andrew  Carnegie,  New  York,  Chairman;  George  A.  Crocker,  New  York,  Treas- 
urer;  C.  Kirchoff,  Jr.,  New  York,  Secretary;  W.  P.  Shinn,  Pittsburgh,  Pa.,  Chair- 
man  of  Committee  on  Tranxporiation. 

Central  Committee.— Hon.  Abram  S.  Hewitt,  President  of  the  American  Insti- 
tnte  of  Mining  Engineers,  New  York  ;  B.  F.  Jones,  President  of  the  American  Iron 
and  Steel   Association,  Pittsburgh,  Pa. ;  W.  P.  Shinn,  President  of  the  American 
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Society  of  Civil  Engineers,  Pittsburgh,  Pa. ;  Oberlin  vSraitli,  Presi<ient  of  (he  Ameri- 
can Society  of  Meciianical  Engineers,  Rridgeton,  N.  J. ;  W.  N.  Mcliriigin,  President 
of  the  United  States  Association  of  Charcoal  Iron  Workers,  Olive  Furnace,  Law- 
rence Co.,  Ohio  ;  Dr.  K.  ^V.  Raymond,  Secretary  of  the  American  Institute  of  Min- 
ing Engineers,  New  York:  .James  M.  Swank,  Secretary  of  the  American  Iron  and 
Steel  Association,  I'liiladelphia,  Pa.;  John  Bogart,  Secretary  of  the  American  So- 
ciety of  Civil  Engineers,  Albany,  N.  Y.;  F.  K.  Hutton,  Secretary  of  the  American 
Society  of  Mechanical  Engineers,  New  Y'^ork  ;  John  Birkinbine,  vSecretary  of  the 
United  Slates  Association  of  Charcoal  Iron  Workers,  Piiiladelphia,  Pa.;  S.  W. 
Baldwin,  New  York  ;  J.  C.  Bayles,  F]ast  Orange,  N.  J. ;  H.  G.  Bond,  Birmingham, 
Ala.;  James  A.  Burden,  Troy,  N.  Y'^. ;  H.  S.  Chamberlain,  Chattanooga,  Tenn.; 
Wm.  Chisholm,  Cleveland,  Ohio  ;  R.  11.  Coleman,  Lebanon,  Pa. ;  Eckley  B.  Coxe, 
Drifton,  Pa. ;  Walter  Crafts,  Auniston,  Ala. ;  F.  II.  DeBardeleben, Bessemer,  Ala.; 
John  Fritz,  Bethlehem,  Pa.  ;  George  W.  Goetz,  Milwaukee,  Wis. ;  Abram  S. 
Hewitt,  New  York  ;  Charles  Himrod,  Chicago,  111. ;  J.  F.  HoUoway,  New  York  ; 
A.  E,  Hunt,  Pittsburgh,  Pa.;  R.  W.  Hunt,  Chicago,  111. ;  Dr.  T.  Sterry  Hunt,  New 
York  ;  Fitzhugh  Lee,  Lexington,  Va. ;  James  F.  Lewis,  New  York  ;  Charles  Mac- 
Donald,  New  Y''ork;  Sanniel  Mather,  Cleveland,  Ohio;  Dr.  Henry  Morton,  Ilobo- 
ken,  N.  J. ;  Richard  A.  Parker,  Marquette,  Mich. ;  H.  S.  Pickands,  Chicago,  111. ; 
O.  W.  Potter,  Chicago,  111.  ;  John  H.  Ricketson,  Pittsburgh,  Pa. ;  Ferd.  Schlesinger, 
Milwaukee,  Wis. ;  A.  M.  Shook,  Nashville,  Tenn. ;  John  Stanton,  New  Y'ork  ; 
Joseph  D.  Weeks,  Pittsburgh,  Pa. ;  David  Williams,  New  Y^ork  ;  F.  S.  Witherbee, 
Port  Henry,  N.  Y^ 

General  Committee. — William  L.  Abbott,  Pittsburgh,  Pa,  ;  Matthew  Addy, 
Cincinnati,  Ohio  ;  Benjamin  Atha,  Newark,  N.  J. ;  George  F.  Baer,  Reading,  Pa. ; 
George  T.  Barns,  Philadelphia,  Pa.  ;  Irving  M.  Bean,  Milwaukee,  Wis. ;  R.  Bent- 
ley,  Lowellville,  Ohio  ;  A.  S.  Bigelow,  Boston,  Mass. ;  C.  R.  Boyd,  Wytheville,  Va. ; 
James  Bowron,  Nashville.  Tenn. ;  Jerome  L.  Boyer,  Reading,  Pa. ;  J.  H.  Bramvvell, 
Bramwell,  W.  Va. ;  George  Brooke,  Birdsboro,  Pa.  ;  Lee  Burt,  Detroit,  Mich.;  J. 
G.  Butler,  Jr.,  Y'oungstown,  Ohio ;  J.  Parke  Channing,  Bessemer,  Mich.  ;  O. 
Chanute,  Chicago,  111. ;  C.  M.  Clark,  Philadelphia,  Pa. ;  B.  G.  Clarke,  New  York  ; 
Thomas  C.  Clarke,  New  York ;  F.  G.  Coggin,  Lake  Linden,  Mich. ;  Joseph  L. 
Colby,  Milwaukee,  Wis. ;  L.  S.  Colyar,  Chattanooga,  Tenn. ;  Edgar  S.  Cook,  Potts- 
town,  Pa.  ;  Edward  Cooper,  New  Y''ork  ;  W.  E.  C.  Coxe,  Columbus,  Ohio ;  Charles 
H.  Cramp,  Philadelphia,  Pa. ;  S.'S.  Curry,  Milwaukee,  Wis. ;  John  Daniel,  Ope- 
chee,  Mich.  ;  H.  C.  Disston,  Philadelphia,  Pa. ;  Charles  Donnelly,  Pittslturgh,  Pa.; 
Charles  B.  Dudley,  Altoona,  Pa.;  Alfred  Earnshaw,  Philadelphia,  Pa. ;  Thomas 
A.  Edison,  Orange,  N.  J. ;  George  A.  Ely,  Cleveland,  Ohio  ;  Theo.  N.  Ely,  Altoona, 
Pa.,  Enoch  Ensley,  Mem{)his,  Tenn. ;  W.  O.  Fayerweathcr,  Paterson,  N.  J.  ;  E.  C. 
Felton,  Steelton,  Pa.;  F.  Firmstone,  Easton,  Pa.;  R.  Forsyth,  Chicago,  III.;  11.  C. 
Frick,  Pittsbingh,  Pa. ;  John  F'ulton,  Johnstown,  Pa. ;  Frederick  W.  Gordon, 
Philadelphia,  Pa.;  M.  A.  Hanna,  Cleveland,  Ohio;  F.  J.  Hearne,  Wheeling.  W. 
Va.;  James  Hemphill,  Pittsburgh,  Pa. ;  T.  T.  Hillman,  Birmingham,  Ala. ;  II.  M. 
Howe,  Boiton,  Mass. ;  M.  R.  Hunt,  Ashland,  Wis. ;  George  Jamme,  Dayton,  O. ;  W. 
H.  Jaqnes,  Bethlehem,  Pa. ;  J.  E.  Johnson,  Longdale,  Va. ;  Walt<;r  Katte,  New  York  ; 
Waller  E.  Koch,  Sharpsburg,  Pa. ;  L.  G.  Laureau,  New  York  ;  J.  T.itnall  Lea, 
Philadelphia,  Pa.;  E.  D.  Leavitt,  Cambridgeport,  Mass.;  Robert  Leckie,  London- 
derry, N.  S. ;  F.  L.  Lehman,  New  Y'ork  :  J.  M.  Longyear,  Marquelte,  Mich.; 
Jawood  Lukens,  Conshohocken,  Philadelphia ;  Andrew  S.  McCreath,  llarrisburg, 
Pa.;  Hon.  James  McMillen,  Washington,  D.  C. ;  George  McMurty,  Pittsburgh, 
Pa. ;  George  I.  Magee,  Corning,  N.  Y. ;  Alexander  Maitland,  Negaunee,  Mich.  ; 

c 


XXxiv  PROCEEDINGS   OF   THE    NEW    YORK    MEETING. 

George  W.  INIaynanl,  New  York  ;  E.  D.  Meier,  St.  Louis,  Mo. ;  Lewis  Miller, 
Akron,  Ohio;  IMiilip  W.  Moeii,  Worcester,  Mass.;  E.  S.  Mofiat,  Scranton,  Pa.; 
Henry  (i  Morris,  IMiilatlelphia,  Pa.;  Wiiliaiii  H.  Morris,  Pottstown,  Pa.;  A.J. 
Moxhani,  .lohnstown,  Pa.;  Hon.  F.  J.  Niedringliaus,  Washington,  D.  C. ;  Charles 
Paine,  Pittsburgh,  Pa. ;  A.  K.  W.  Painter,  Pittsburgh,  Pa. ;  J.  P.  Pardee,  Secaucus, 
N.  J.  William  G.  Park,  Pittsburgh,  Pa. ;  Richard  Pearce,  Denver,  Col. ;  Edmund 
Pechin,  Roanoke,  Va. ;  J.  J.  Pierce,  Sharpsville,  Pa. :  Joseph  C.  Piatt,  New  York; 
T.  C.  Piatt,  Waterford,  N.  Y. ;  O.  W.  Potter,  Chicago,  111. ;  William  B.  Potter,  St. 
Louis,  Mo. ;  J.  Thorpe  Potts,  Philadelphia,  Pa.;  John  R.  Proctor,  Frankfort,  Ky. ; 
A.  C.  Kand,  New  York  ;  David  Reeves,  Philadelphia,  Pa. ;  R.  H.  Richards,  Boston, 
Mass. ;  Charles  Ridgely,  Springtield,  111. ;  Percival  Roberts,  Jr.,  Philadelphia,  Pa. ; 
F.  W.  Roebling,  Trenton,  N.  J. ;  C.  M.  Roepper,  Alliance,  Ohio ;  H.  H.  Rogers, 
New  York;  R.  P.  Rothwell,  New  York;  W.  S.  Russel,  Detroit,  Mich.;  D.  M. 
Sabin,  Stillwater,  Minn. ;  W.  L.  Scaifc,  Pittsburgh,  Pa.;  Thomas  Seddtm,  Birming- 
ham, Ala.;  William  Sellers,  Philadelphia,  Pa.;  Frederick  Sloss,  Birmingham, 
Ala.;  T.Guilford  Smith,  Buflalo,  N.  Y.;  E.  G.  Spilsbury,  Trenton,  N.  J. ;  Louis 
Lee  Stanton,  New  York ;  Homer  R.  Stoughton,  Shelby,  Ala. ;  W.  J.  Taylor,  Phila- 
delphia, Pa. ;  William  Thaw,  Jr.,  Pittsburgh,  Pa. ;  John  Thomas,  Hokendauqua, 
Pa.;  Samviel  Thomas,  Birmingham,  Ala.;  R.  H.  Thurston,  Ithaca,  N.  Y. ;  A. 
Tower,  Poughkeepsie,  N.  Y. ;  Henry  R.  Towne,  Stamford,  Conn. ;  Johnson  Vivian, 
Calumet,  Mich. ;  Theo.  Voorhees,  New  York  ;  William  H.  Wallace,  New  York  ; 
Edward  Walsh,  Jr.,  St.  Louis,  Mo.;  Willard  P.  Ward,  New  York;  Smith  M. 
Weed,  Pittsburgh,  N.  Y. ;  S.  T.  Wellnian,  Cleveland,  Ohio  ;  Austin  A.  Wheelock, 
Boston,  Mass.;  Jerome  Wheelock,  Worcester,  Mass.;  D.  J.  AViiittemore,  Mil 
waukee,  Wis. ;  Ralph  J.  Wick,  Lancaster-,  Ohio  ;  W.  H.  W^iley,  New  York  ;  Oliver 
Williams,  Catasauqua,  Pa. ;  Jones  Wister,  Philadelphia,  Pa.;  J.  P.  Witherow,  Pitts- 
burgh, Pa. ;  F.  W.  Wood,  Steelton,  Pa. ;  Walter  Wood,  Philadelphia,  Pa. ;  Jacob 
Y'^ost,  Iron  Gate,  Va. 

After  a  series  of  enterlaiiinients  and  exciirsiojis  in  and  about  New 
York,  an  account  of  which  will  be  found  in  the  proceedings  of  the 
New  York  meeting  of  the  Institute  of  Mining  Engineers,  the  tour 
was  begun  on  Saturday  morning,  October  4th,  by  the  de])arture  of 
the  entire  party  for  Philadelphia  in  aspecial  train  via  the  Pennsylvania 
Railroad.  Arriving  at  Tacony  in  the  outskirts  of  the  city,  the  ex- 
tensive file  and  saw  works  of  Henry  Disston  tt  Sons  was  first  visited, 
and  then  a  delightful  excursion  and  luncheon  were  enjoyed  on  the 
Delaware  river,  at  the  invitation  of  the  Executive  Committee  of  the 
Engineers  of  Philadelphia  and  Eastern  l*ennsylvania.  This  com- 
mittee, consisting  of  Joseph  D.  Potts,  Chairman ;  John  Birkinbine, 
Secretary;  J.  Tatnall  Lea,  Eckley  B.  Coxc,  James  JNI.  Hibbs,  and 
Jones  Wister,  had  charge  of  all  the  arrangements  for  the  entertain- 
ment of  the  party  from  the  4th  to  the  7th  of  October.  Monday, 
October  6th,  was  devoted  to  visiting  the  Baldwin  Locomotive 
Works,  the  machine  shops  of  Win.  Sellers  &  Co.,  and  many  other 
manufacturing  establishments  of  Philadelphia.     A  brilliant  evening 
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reception  at  the  Academy  of  Fine  Arts  hroiip^ht  the  stay  in  that  city 
to  a  jileasant  close;  on  Tnos(hiy  inorninj^  tlie  party  boarded  three 
special  trains,  comprising);  in  all  27  i*ullman  cars  that  were  destined 
to  convey  most  of  the  travellers  over  the  8000  miles  of  their  excur- 
sion route.  The  day  was  sj>ent  in  interestino;  visits  to  the  Cornwall 
iron-ore  banks,  the  Colebrook  blast-furnaces  and  Mount  Gretna. 
Durint;;  the  nio;ht  the  party  was  conveyed  to  Altoona,  Pa.,  where  on 
Wednesday  morning,  October  8th,  under  the  guidance  of  Theo.  N. 
Ely,  and  Dr.  C.  B.  Dudley  of  the  Local  Committee,  three  hours 
were  given  to  visiting  the  mammoth  shops  of  the  Pennsylvania  Rail- 
road. At  noon  the  journey  was  continued,  beautiful  weather  favor- 
ing the  travellers  in  their  ride  across  the  Alleghenies,  which  were 
arrayed  in  the  richly  tinted  hues  of  early  autumn.  A  stop  was 
made  at  Johnstown,  and  although  only  a  short  time  was  at  the  dis- 
posal of  the  visitors,  the  efficient  arangements  of  the  liocal  Com- 
mittee allowed  them  to  enjoy  a  triji  up  and  down  the  Conemaugh 
valley  on  platform-cars,  and  visit  the  iron  and  steel  plants  of  the 
Cambria  Iron  Company,  the  Haws  silica  and  fire-brick  works  and 
the  rolling-mill  and  switch-works  of  the  Johnson  Company.  The 
members  of  the  committee  were  J.  H.  Geer,  Chairman;  H.  H. 
Weaver,  Siecreiary ;  J.  J.  Fronheiser,  John  Fulton,  Alex.  Hamil- 
ton, A.  J.  Haws,  W.  McTiain,  Jas.  McMillen,  M.  G.  Moore,  Jos. 
Morgan,  Jr.,  T.  T.  Morrell,  A.  J.  Moxham,  C.  S.  Price,  Geo. 
Thackary.  On  the  same  evening  the  j)arty  arrived  in  Pittsburgh, 
and  for  the  next  three  days  was  busily  engaged  in  carrying  out  an 
extremely  interesting  programme,  which  will  be  found  in  the  pro- 
ceedings of  the  Pittsburgh  International  sessions  (p.  xxiv). 

Resuming  their  journey  on  Sunday  evening,  October  12th,  the 
visitors  reached  Chicago  on  the  morning  of  the  13th,  and  were  re- 
ceived with  a  cordial  welcome  by  representatives  of  the  city  govern- 
ment and  by  the  Chicago  committee.  The  officers  of  the  latter,  and 
the  chairmen  of  the  various  sub-committees  composing  it  were  O. 
W.  Potter,  General  Chairman;  R.  W.  Hunt,  Sec7'ela7"y  and  Treas- 
urer;  H.  S.  Pickands,  W.  R.  Stirling,  O.  C'hanute,  Hosea  Webster, 
G.  W.  Cope,  Morris  Sellers.  G.  F.  l^rown,  C.  H.  Ferry,  C.  15. 
Holmes,  A.  Onderdonk,  W.  T.  Baker,  I).  H.  Burnham,  D.  Adler, 
C.  H.  McCormick,  W.  J.  Chalmers  and  J.  E.  Deerlng.  Thaid<s  to 
the  excellent  arrangements  of  the  committee,  a  marvellously  short 
time  sufficed  to  accomplish  the  task  of  comfortably  quartering  the 
large  numbers  who  had  debarked  from  the  trains.  After  a  formal 
reception  by  Mayor  Cregier  at  the  Palmer  House,  the  visitors  were 
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(Irivi'ii  tliroiioli  tlio  parks  and  hoiilovards,  to  the  Washinj^ton  Park 
eliil)-li()iis(',  whore  thoy  were  regaled  with  a  hountifiil  repast,  while 
coinlortahly  seated  and  enjoying  fine  music  and  several  brilliant 
speeches.  During  tlie  day  various  excursions  were  undertaken  by 
separate  groups,  the  programme  allowing  a  selection  from  a  large 
number,  which  included  visits  to  the  Chicago  Tire  and  Spring 
Works,  the  McCormick  and  the  Deering  Reaj)er  Works,  Fraser  & 
Chalmers'  great  Machine  Works,  the  new  water  tunnel  under  the 
lake,  etc.  In  the  evening  a  concert  and  reception  were  held  in  the 
Auditorium  building,  where  an  opportunity  was  afforded  for  inspect- 
ing the  magnificent  appointments  of  this  latest  of  Chicago  architec- 
tural achievements. 

Tuesday,  October  14th,  was  ushered  in  by  clear  skies  and  bracing 
winds,  in  refreshing  contrast  to  the  rains  which  had  marred  a 
portion  of  the  preceding  day.  The  event  on  the  programme  was  an 
excursion  to  tiie  South  Chicago  works  of  the  Illinois  Steel  Company, 
stopping  en  route  at  the  Fowler  Pressed  Steel  works,  and  to  the  va- 
rious enterprises  located  at  Pullman.  There  were  also  a  number  of 
special  excursions  to  points  of  interest,  including  the  stock-yards, 
meat-packing  establishments,  grain-elevators,  etc.  It  was  a  day  of 
thorough  enjoyment,  and  at  its  close  the  universal  appreciation  of 
Chicago's  munificent  hospitality  was  sobered  only  b}'  a  sense  of 
regret  that  the  stay  in  Lake  city  was  unavoidably  of  such  short  dura- 
tion. , 

On  Tuesday  evening,  the  excursion-party  was  divided,  five- eighths 
of  its  members  electing  a  tour  through  the  mining  and  metallur- 
gical regions  of  the  New  South,  while  the  remainder  preferred  a  trip 
to  Lake  Superior.  After  an  interval  of  ten  days,  both  branches  of 
the  party  joined  forces  again  in  Washington,  and  made  their  last 
excursion  on  schedule-time. 

The  Northern  Tour. 

In  a  new  and  superbly  equipped  train  of  Wagner  vestibuled- 
coaches,  the  northern  tourists  were  taken,  over-night,  via  the  Chicago 
and  Northwestern  Railroad  to  the  Menominee  iron-range,  where 
they  spent  Wednesday,  October  L5th,  under  the  guidance  of  F. 
Schlesinger  and  G.  W.  Goetz,  in  visiting  the  mines  and  surface- 
works  of  the  Chapin  Mining  Company,  at  Iron  Mountain,  and  the 
celebrated  hydraulic  power-plant  at  Quinnessec  Falls,  which  fur- 
nishes the  mines  with  compressed  air.  The  party  was  very  hospit- 
ably entertained  at  luncheon,  by  Mr.  J.  L.  Buel,  on  behalf  of  the 
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Chapiu  Company,  and  proceeded,  in  the  afternoon,  to  Hurley,  Wis- 
consin, in  the  (TOgehic  ranije.  The  Norrie,  Colby,  and  Aurora  mines 
were  there  visited  on  the  IGth,  interest  heinjoj  particularly  directed  to 
the  operation  of  a  novel  steam-shovel  which  is  employed  to  load  cars 
from  the  stock-piles  at  the  rate  of  twenty  tons  in  four  minutes.  Late 
in  the  afternoon,  the  train  departed  for  Houghton,  in  the  copper- 
country  of  Michigan. 

A  diversified  and  highly  interesting  itinerary  had  heen  ]U'ej>ared 
for  October  17th  and  18th,  by  the  indefatigable  local  committee  of 
the  copper-region,  composed  of: 

Jacob  W.  Alt,  Jacob  Baer,  Henry  Brett,  D.  Cavan,  T.  L.  Chad- 
bourne,  Will  A.  Childs,  F.  G.  Coggin,  R.  G.Collins,  J.  R.  Cooper, 
J.  N.  Cox,  Joseph  Croze,  Capt.  John  Daniell,  A.  David,  James  R. 
Dee,  F.  W.  Denton,  Henry  Drittler,  Sr.,  Capt.  John  Duncan,  Wm. 

A.  Dunn,  James  Dnnstan,  Hon.  T.  B.  Dunstan,  A.  D.  Edwards,  R, 
M.  Edwards  ,R.  R.  Goodell,  A.  R.  Gray,  Joseph  Gregory,  Capt.  S. 

B.  Harri,s,  A.  E.  Haynes,  Joseph  Hennes,  R.  M.  Hoar,  C.  J.  Hodge, 
Arno  Jaehnig,  B.  Judkins,  B.  T.  Judkins,  Harry  F.K^eller,  Edgar 
Kidwell,  Frank  Kle|)etko,  D.  Kloeckner,  A.  C.  T^ane,William  Lapp, 
Alex.  Loranger,  J.  P.  Mason,  J.  H.  Moyle,  Capt.  W.  E.  Parnall,  M. 
B.  Patch,  H.  B.  Patton,  Graham  Pojje,  A.  F.  Rees,  Edward  Ryan, 
Philip  Scheuermann,  J.  H.  Seager,  F.  F.  Sharple.ss,  George  C.  Shel- 
den,  Frank  McM.  Stanton,  John  Stanton,  Hon.  J.  W.  Stone,  J.  B. 
Sturgis,  Capt.  Wm.  Tonkin,  William  Veal,  Capt.  Johnson  Vivian, 
Prof.  M.  E.  Wadsworth,  C.  A.  Wright,  J.  N.  Wright. 

The  fir.st  day  was  spent  in  visiting  the  Calumet  and  Hecla  smelting- 
works  and  stamp-mills,  and  the  imposing  surface-plants  of  the  Calu- 
met and  Hecla,  and  the  Tamarack  mines.  A  train  of  platform-cars 
conveyed  the  visitors  from  point  to  point  throughout  the  day  ;  by 
noon,  their  ride  in  the  crisp,  invigorating  air  of  Lake  Superior  made 
the  vision  of  long  tables  loaded  with  inviting  edibles,  and  seats  for 
everybody,  especially  welcome,  as  the  party  was  ushered  into  a  large 
banquet-hall.  The  lunciheon  was  enjoyed  with  a  rare  relish,  even 
to  the  Lake  Superior  "  water,"  with  which  the  menu  ended.  The 
evening  was  given  up  to  a  thoroughly  enjoyable  reception  by  the  ladies 
oi'  Houghton  county,  their  invitations  to  the  visitors  having  been 
issued  on  plates  of  ])olished  copper,  attached  by  silk  ribbon  to 
daintily  printed  musical  programmes. 

On  the  second  day,  a  choice  of  several  excursions  was  offered,  in- 
cluding visits  to  the  Quincy,  Franklin,  Atlantic,  and  Tamarack 
mines  and  stamp-mills,  and  the  Tamarack-Osceola  wire-  and  plate- 
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mills.  A  immher  of  the  party  took  advantage  of  this  opportunity 
to  spend  the  whole  day  underground,  while  the  majority  devoted  a 
])art  of  the  time  to  an  insijection  of  the  Michigan  School  of  Mines, 
at  Houghton. 

Sunday  was  observed  as  a  day  of  rest.  In  the  evening  the  ex- 
cursionists took  their  leave,  and  proceeded  to  the  Marquette  iron 
region,  where,  under  the  energetic  and  carefully  systematized  man- 
agement of  R.  A.  Parker,  Chairman,  Geo.  A.  Newett,  Secretary,  and 
C.  H.  Hall,  Peter  Wright,  A.  Maitland,  F.  P.  Mills,  S.  Mitchell, 
J.  Parke  Channing,  Alfred  Kidder,  J.  M.  Longyear,  E.  C.Anthony, 
and  Peter  Pascoe,  of  the  local  committee,  two  days  were  very  agree- 
ably and  profitably  spent  in  visiting  the  most  important  producing 
mines  of  the  range.  Monday,  October  20th,  was  devoted  to  the 
Michigamme,  Champion,  and  Republican  mines — all  the  mining  en- 
trineers  of  the  party  availing  themselves  of  the  facilities  for  going 
underground.  In  the  evening  a  very  pleasant  reception  was  given  at 
the  Nelson  House,  in  Ishpeming,the  parlors  being  tastefully  decorated 
with  evergreens,  enlivened  by  the  scarlet  berries  of  the  mountain- 
ash,  and  intertwined  with  the  flags  of  Great  Britain,  Germany,  and 
the  United  States.  The  Lake  Superior,  Lake  Augeline,  Cleveland, 
and  Jackson  mines  of  the  Ishpeming  and  Negaunee  basins  claimed 
the  visitors'  attention  on  Tuesday.  During  the  afternoon  they  in- 
spected the  ore-docks  of  Marquette,  and  one  of  the  great  saw-mills 
of  the  di.strict,  and,  as  guests  of  tlie  citizens  of  Marquette,  enjoyed 
a  drive  in  perfect  weather  to  Presque  Isle  j>ark,  a  beaulifid  promon- 
tory jutting  out  into  Lake  Superior.  A  charming  evening  enter- 
tainment at  the  residence  of  Peter  White  concluded  a  particularly 
plea.sant  day.  During  the  night,  the  train  left  Marquette  for  the 
nickel  mines  of  Sudbury,  Out.,  stopping  en  route  to  permit  a 
thorough  ins])ection  of  the  government  locks  at  Sault  Ste.  Marie. 

Thursday,  O(;tober  24th  was  devoted  to  the  nickel-mines  and  smelt- 
ing-works  of  the  Canadian  Coj)per  Co.  and  the  Old  Dominion 
Copper  Co.,  most  of  the  visitors  being  escorted  underground  by 
Measrs.  Evans,  F.  L.  Sperry,  R.  Bell  and  others.  In  the  evening 
the  train  dej)arted  for  Niagara  Falls,  where  the  party  was  most  hos- 
pitably received  and  entertained  by  P>astus  Wiman,  and,  thanks  to 
his  assiduous  attentions,  enjoyed  the  sight-seeing  in  perfect  comfort. 
On  Thursday  night  the  journey  was  continued  to  Wa-shington,  where 
the  northern  and  southern  sections  of  the  excursion  were  reunited. 
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The  Southern  Tour. 

Departing  from  Chicago  in  three  PuHman  trains  on  the  evening 
of"  October  14th,  the  south-bound  section  of  the  excursion  party 
reached  Birmingljani,  Aki.,  after  a  hjng  railroad  journey,  on  Thurs- 
day morning,  Octol)er  16th,  and  began  at  once  two  days  of  busy  sight-  ■ 
seeing  by  embarking  on  special  trains  for  a  round  of  the  principal 
points  of  interest  on  the  })rogramme.  Extraordinary  efforts  had 
been  made  by  the  local  committee  for  the  entertainment  of  their 
guests,  and  the  result  of  their  labors  added  greatly  to  the  enjoyment 
and  interest  of  the  visit.  The  committee-at-large  consisted  of  PI. 
F.  DeBardeleben,  Edwin  Thomas,  H.  G.  Bond,  J.  H.  Aldrich, 
Thomas  Seddon,  J.  H.  Woodward,  C.  P.  Williamson,  A.  Griggs 
and  W.  M.  Newbold,  who  were  ably  assisted  by  many  other  leading 
men  of  the  district. 

The  limestone  quarries  of  the  Birmingham  Mining  and  Manu- 
facturing Co.  were  first  visited,  and  then  the  trains  were  carried 
along  Red  Mountain,  and  the  whole  valley  in  which  the  city  lies 
was  spread  before  the  visitors.  The  first  iron-ore  bank  to  be  reached 
was  the  Eureka,  which  afforded  an  excellent  opportunity  to  observe 
at  its  best  the  Red  Mountain  vein.  Then  followed  the  Blue  Creek 
coal-mines,  at  Adger,  and  the  mines  at  Blocton,  where  considerable 
coke  is  made.  In  the  evening  a  reception  was  tendered  to  the 
guests  by  the  Alabama  Club,  a  feature  of  the  evening  being  a  series 
of  ap[)ro[)riate  speeches. 

On  Friday,  the  17th,  the  furnace-plants,  coke-ovens  and  rolling- 
mills  at  Bessemer  were  the  first  objective  point.  Next  a  brief  stop 
was  made  at  the  Woodward  furnaces,  and  then  the  great  plant  of 
the  Tennessee  Coal,  Iron  and  Railway  Co.,  at  Ensley,  was  seen  in 
full  blast.  The  Pratt  coal-mines  and  coke-ovens  of  the  same  com- 
pany, and  the  Pioneer  Co.'s  two  furnaces  at  Thoma.s,  concluded  the 
day's  programme. 

During  the  night  the  party  was  conveyed  to  Shelby,  Ala.,  where 
the  visitors  were  welcomed  early  on  Saturday  morning,  October  18th, 
by  a  local  committee  composed  of  R.  P.  Huger,  Chairman;  T.  G. 
Bush,  J.  C.  Sproul  and  H.  R.  Stoughton.  The  Shelby  Co.'s  blast- 
furnace plant  and  the  famous  ore-banks,  the  largest  thus  far  devel- 
oped in  the  South,  were  the  points  of  greatest  interest.  On  leaving 
Shelby,  delays  occurred  which  allowed  only  a  brief  stop  at  the  coke- 
furnace  of  the  Talladega  Co.,  and  the  charcoal  furnaces  of  the 
Clifton  Co.  at  Ironaton.     Annistou,  the  gem  of  that  section  of  the 
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South,  was  finally  readied,  but  at  so  late  an  hour  that  very  little 
opportunity  was   atlbrcled  to  a2)preciate   its   resources  and  industries. 

Durint^  the  night  the  trains  made  the  run  from  Anniston  to  Chat- 
tanooga, Tenn.,  where  the  guests  were  met  on  their  arrival  by  a 
large  number  of"  the  loeal  reception  committee,  among  them  .being 
N.  Sanders,  Chairman  ;  L.  S.  Colyar,  W.  M.  Bowron,  N.  S.  Cham- 
beilain,  G.  Bittel,  J.  M.  Duncan,  J.  Dowling,  S.  B.  Lowe,  G.  W. 
Oehs,  T.  Talbot,  W.  M.  Duncan,  A.  M.  Shook,  W.  T.  McGruder, 
d.  Lodge,  W.  C.  Harriman,  W.  H.  MuUins,  W.  Warner,  E.  O. 
Nathurst  and  G.  Jamme. 

The  day  was  wonderfully  clear,  and  those  who  went  direct  by  the 
broad-gauge  railroad  to  Lookout  Mountain  had  spread  before  them 
in  all  its  beauty  the  grand  panorama  which  has  made  that  mountain 
famous.  The  great  Lookout  Inn  had  been  reopened  for  the  day 
through  the  efforts  of  the  Chattanooga  committee,  and  Sunday  was 
thus  spent  quietly  under  pleasant  auspices.  In  the  afternoon  Gen. 
J.  T.  Wildei-  delivered  an  address  at  Point  Lookout,  explanatory  of 
the  topography  of  the  country  and  descriptive  of  the  great  events  of 
which  it  was  the  scene.  The  evening  passed  with  singing  by  ladies 
and  gentlemen  of  the  party,  and  by  the  Pullman  Singing  Society, 
organized  by  the  German  guests,  who  had  held  a  number  of  re- 
hearsals during  the  previous  evenings.  This  was  followed  by  an 
address  by  General  Wilder,  on  the  geology  and  resources  of  Ten- 
nessee and  adjoining  States,  with  the  aid  of  a  great  map  compiled 
for  the  Chattanooga  Chamber  of  Commerce. 

On  Monday  morning,  October  20th,  the  greater  number  left  the 
mountain  on  the  Lookout  Narrow  Gauge  and  Incline,  to  visit  the 
Chattanooga  Foundry  and  Pipe  Works,  wliich  are  chiefly  remark- 
able for  having  casting-pits  with  revolving  tables,  and  the  basic  steel 
plant  of  the  Southern  Iron  Co*  The  party  then  embarked  on  a  boat, 
passing  up  the  Tennessee  river  to  the  Citico  furnace  and  the  City 
Water  Co.'s  pumping  and  filtering  stations. 

The  afternoon  was  spent  in  visiting  the  battle-fields  in  the  vicinity 
and  attending  an  informal  reception  tendered  by  the  citizens  at  the 
rooms  of  the  (/hamber  of  (V>nimerce. 

The  early  risers  on  Tuesday  morning,  October  21st,  fomid  them- 
selves in  the  mountains  of  Keutiu'ky,  passing  along  the  Cund>erland 
River  through  Barbourville,  famous  in  vendetta  days,  and  I'iueviUe, 
one  of  the  many  aspirants  to  fame  as  a  coke  and  iron-producing 
center.  They  had  the  experience,  too,  of  seeing  streets  being  graded 
in  a  field  without  a  house  in  sight.     Then  the  trains  rolled  into  the 
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depot  at  Middlesborough,  Ky.,  the  creation  of  a  year,  where  the 
party  was  received  by  the  meinbers  of  the  Local  Reception  Commit- 
tee, comjiosed  of  Alexander  A.  Arthur,  Chairman;  John  M.  Brooks, 
John  B.  Gary,  Edgar  Watts  and  F.  J.  Iloyle. 

The  alternative  excursions  of  the  forenoon  were:  (1)  to  the  coal 
mines  and  coke  ovens  via  the  Belt  Railroad  ;  (2)  to  Arthur  Cum- 
berland Gap,  ])ark  and  cave;  (3)  to  the  furnaces  and  manufacturing 
j)lants  of  Middlcsburgh ;  (4)  to  Pinnacle.  In  the  afternoon  Prof. 
J.  R.  Proctor  spoke  on  the  geology  and  resources  of  the  district, 
and  Sir  James  Kitson  expressed  the  good  wishes  of  the  visitors  in 
well-chosen  words.  Then  tiie  trip  was  resumed,  and  on  Wednesday 
morning,  October  22d,  the  party  found  a  special  train  in  waiting  at 
Pulaski,  Va.,  to  convey  them  to  the  famous  Gossan  lode,  under  the 
escort  of  E.  C.  Pechin,  Fitzhugh  Ijee,  J.  E.  Johnson,  Jacob  Yost  and 
J.  E.  Bramwell,  the  Virginia  Local  Committee.  The  zinc-works 
and  Pulaski  furnace  first  claimed  attention,  and  then  the  Great 
Outburst  mine,  on  the  lode  48  miles  from  Pulaski,  where  the  char- 
acter of  the  deposit,  which  is  a  decomposed  pyrrhotite  of  remark- 
able extent,  could  be  clearly  seen. 

In  the  evening  the  trains  left  Pulaski,  travelling  during  the  night 
over  the  Norfolk  and  Western  Railroad  to  Pocahontas,  on  the  edge 
of  the  Flat  Top  coal-field.  It  had  been  raining  heavily  during  the 
day,  and  there  was  some  danger  that  land-slides  might  seriously  in- 
terfere with  the  movements  of  the  train.  Extraordinary  efllbrts  were 
made  by  E,  W.  Eddy,  general  manager  of  the  road,  to  prevent 
mishap.  The  whole  line  was  patrolled  during  the  night  by  an 
extra  force,  and,  thanks  to  the  precautions  taken,  the  trij)  was  safely 
accomplished. 

Thursday  morning,  October  23d,  was  given  over  to  the  coal-mines 
and  coke-plants  at  Pocahontas,  conspicuous  among  those  visited 
being  the  collieries  of  the  Southern  Virginia  Improvement  Com- 
pany. During  the  afternoon  the  party  proceeded  to  Roanoke,  Va., 
and  on  Friday  visited  Luray  Cave,  en  route  to  Washington. 

On  Saturday,  October  25th,  the  southern  section  of  the  excursion- 
ists joined  their  northern  associates  and  visited  the  government  de- 
partments, the  National  Museum  and  various  points  of  interest, 
under  arrangements  provided  by  the  local  committee,  consisting  of 
A.  W.  Greely,  Chairman;  David  T.  Bay ,  Secretary ;  T.  C.  Men- 
dcnhall,  Prof.  Langley,  Commander  Barber  and  Major  Powell. 

In  the  afternoon  the  President  and  Mrs.  Harrison,  Secretaries 
Windom,  Noble  and  Rusk  received  the  foreign  guests  at  the  White 
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lloiiso.  In  tlio  evening  llie  citizens  of  Washington,  under  the  lead- 
ership of  Major  J.  W.  Powell,  Director  of  the  Geological  Survey, 
tendered  a  reception  at  the  Arlington  Hotel,  which  was  counted  a 
great  success  by  all  participants. 

Oii  Monday  niorning,  October  27th,  the  party  left  Washington 
Ibr  Baltimore,  Md.,  where  they  enjoyed  the  bountiful  hospitality  of 
Major  L.  S.  Bent  and  F.  W.  AVood,  on  behalf  of  the  l^ennsylvania 
Steel  Company,  and  spent  a  very  interesting  forenoon  in  visiting 
the  new  and  extensive  tide-water  plant  of  that  company  at  Sj)arrow's 
Point.  Many  of  the  party  then  pursued  their  journey,  arriving  in 
New  York  in  the  evening,  but  a  large  number,  especially  of  the 
Southern  tourists,  accepted  the  invitation  of  the  citizens  of  l^alti- 
more,  who  showed  them  their  harbor  facilities  and  entertained  (hem 
on  a  steamer,  finally  landing  them  at  a  point  where  their  Pullman 
coaches  were  in  readiness  to  convey  them  to  Niagara  Falls,  and  then 
return  them  to  New  York. 

This  ended  the  official  programme  of  the  American  Reception 
C'omniittee.  About  50  or  60  of  the  visitors  then  accepted  the  invi- 
tation of  the  Thomson-Houston  Electric  Company,  leaving  New 
York  on  the  steamer  Pilgrim,  on  Tuesday  evening,  October  28th, 
visiting  the  ])lant  at  Lynn,  where  they  were  entertained  at  luncheon. 
In  the  afternoon  they  enjoyed  a  ride  through  the  city  and  suburbs, 
and  in  the  evening  were  tendered  a  banquet  at  the  Vendome  Hotel. 
Another  party  of  about  150  accepted  the  hospitality  of  the  Cana- 
dian Government  and  its  leading  cities,  Hamilton,  Sudbury,  Ottawa, 
Montreal  and  Quebec;  and  some  of  them  stopped  on  tlieir  return 
route  to  visit  the  well-known  Lake  Cham])lain  iron-ore  mines  of 
^Yitherl)ee,  Sherman  iV:  Co.,  at  Port  Henry,  N.  Y. 
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THE  IB  ON- OB  ES  OF  THE  UNITED  STATES. 

BY  T.    STERRY  HUNT,   M.A.,  LL.D.,    F.R.S.,   NEW  YORK   CITY. 

(International  Session,  Pittsburgh,  October,  1890.) 

Having  been  honored  by  a  request  to  prepare  for  this  occasion 
some  account  of  the  iron-ores  on  which  a  great  industry  has  been 
built  up  in  the  United  States,  and  moreover,  to  make  such  a  record 
of  our  present  knowledge  as  may  be  of  value  alike  to  our  distin- 
guished guests  from  abroad  and  to  ray  colleagues  of  the  American 
Institute  of  Mining  Engineers,  I  had  at  first  some  doubts  how  best 
to  approach  the  task.  That  among  my  hearers  are  many  better  fitted 
to  discuss  the  question  of  our  iron-ores  from  commercial  and  economic 
points  of  view,  I  am  well  aware ;  but  I  have  thought  that  my  studies, 
chemical,  mineralogical  and  geological,  continued  during  a  period  of 
more  than  forty  years,  and  covering  a  wider  field  than  those  of  any 
other  observer,  would  enable  me  to  present  the  theme  under  a  some- 
what novel  aspect,  and  moreover,  to  connect  it  with  geological  and 
geographical  facts  which  will  give  to  the  description  a  permanent 
value.  To  this  end,  it  is  evident  that  the  great  coal-fields  and  their 
relations  to  the  iron-ores  of  the  more  ancient  rocks  have  to  be  care- 
fully kept  in  view. 

Over  nine  and  a  half  million  tons  of  pig-iron  were  produced  in  the 
United  States  during  the  year  ending  June  30,  1890,  including  about 
half  a  million  tons  from  imported  ores.  Of  the  nine  millions,  in  round 
numbers,  ninety-nine  per  cent,  were  made  from  ores  mined  to  the  east 
of  the  Mississippi,  and  the  remainder,  with  insignificant  exceptions, 
in  the  State  of  Missouri,  near  the  western  bank  of  that  great  river. 
The  supply  of  native  ores  is,  therefore,  essentially  from  the  eastern 
portion  of  our  country.  From  the  Mississippi  stretching  westward 
to  the  frontier  range  o£  the  Rocky  Mountains,  and  in  that  great 
mountain-range  itself,  are  treasures  alike  of  iron  and  coal  which  await 
development;  while  still  farther  west  the  vast  American  basin,  and 
its  Pacific  mountain-belt,  have  as  yet  attracted  attention  chiefly  for 
their  rich  stores  of  gold,  silver,  copper  and  mercury. 

Up-  to  the  present  time,  then,  it  may  be  said  that  the  iron-industry  of 
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the  United  States  is  confinefl  to  the  great  region  drained  by  the  Missis- 
sippi and  Ohio  and  their  tributary  rivers  southward  toward  the  Gulf, 
by  the  northern  chain  of  lakes  discharged  by  the  St.  Lawrence,  and 
to  the  Atlantic  mountain-belt,  whose  drainage- waters  find  their  way 
by  more  direct  channels  to  the  Atlantic.  The  great  physical  features 
of  this  eastern  half  of  the  North  American  continent  are  remarkable. 
Between  the  eastern  front  of  the  Cordilleras  in  Colorado  and  the 
mountains  of  the  Atlantic  belt  and  the  Appalachians,  which  stretch 
from  New  England  and  eastern  New  York  to  Alabama,  spreads  a 
vast  region,  traversed  by  navigable  rivers,  from  Lake  Superior  south- 
ward to  the  Gulf  of  Mexico  and  eastward  to  the  Gulf  of  St.  Law- 
rence. In  one  place  alone  is  the  great  Atlantic  barrier  broken.  This  is 
where  the  tidal  and  navigable  waters  of  the  Hudson  river  pass  through 
the  Highlands,  and,  permitted  by  the  sinking  away  of  the  Appala- 
chians in  southern  New  York,  connect  the  waters  of  the  Hudson, 
through  the  Erie  canal,  with  those  of  Lake  Erie,  and  through  Lake 
Champlain  with  the  St.  Lawrence,  affording  a  system  of  internal 
navigation  which  must  always  give  to  the  city  of  New  York  a  com- 
mercial supremacy  on  our  eastern  shores. 

Geologically  speaking,  the  structure  of  this  great  interior  region 
is  as  simple  as  it  is  geographically.  Nowhere,  perhaps,  in  the  old 
world,  are  the  areas  of  the  principal  geological  groups  so  widely 
extended,  nowhere  else  are  displayed  such  large  and  accessible  coal- 
fields. The  ancient  crystalline  rocks  which,  while  they  constitute 
the  Atlantic  belt,  skirt  the  northern  borders  of  the  great  lakes  and  the 
St.  Lawrence  valley,  and  to  the  westward  form  the  range  of  the 
Cordilleras,  are  rich  in  valuable  iron-ores.  Small  areas  of  these  older 
iron-bearing  rocks  rise  like  islets  among  the  younger  strata  in  Mis- 
souri, and  in  Texas ;  while  the  great  Appalachian  valley,  itself 
abounding  in  ores  of  iron,  stretches  along  the  western  base  of  the 
Atlantic  belt,  which  it  divides  from  the  parallel  Appalachian  or 
Alleghany  mountain  range.  The  coal-measures  themselves  in  various 
parts  of  their  distribution,  moreover,  abound  in  ores  of  iron. 

Without  here  entering  into  details,  it  should  be  said  that  the 
important  coal-basins  of  the  region  in  question  are  all  of  Paleozoic 
age;  the  small  basins  of  newer  coals  in  eastern  Virginia  and  North 
Carolina,  and  farther  westward,  being  of  little  account  in  the  present 
connection.  lu  like  manner,  the  iron -ores  of  the  region  may  be  said 
to  be  Paleozoic  or  still  more  ancient.  The  extensive  areas  of  Mesozoic 
and  Cenozoic  rocks  in  our  territory,  so  far  as  known,  furnish  little  or 
no  iron-ore  ;  the  small  portions  of  tertiary  strata  with  lignite,  ochres 
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and  hydrous  iron  ores,  at  intervals  from  Vermont  southward  along 
the  Appalachian  valley,  being  of  geological  rather  than  of  economic 
interest.     In  the  early  days  of  our  history  small  deposits  of  bog-ore 
were  wrought  in  many  places,  but  have  long  since  lost  their  impor- 
tance.   Mention,  however,  should  here  be  made  of  the  magnetic  iron 
sands^  which  have  a  certain  historic  interest.  Found  along  the  shores 
of  Connecticut,  the  sands  early  attracted  attention  in  England  under 
the   name  of  the  American  sand-iron,  and  in  1763  were  noticed 
alike  by  the  Royal  Society  of  London  and  the  Society  of  Arts.   The 
sand  was  even  manufactured  into  malleable  iron  in  a  furnace  on  the 
Connecticut  coast,  which  was  probably  a  German  bloomery.  Attempts 
to  work  similar  sands  in  the  Gulf  of  St.  Lawrence  and  on  Long  Island, 
New  York,  have  been  made  in  our  time  without  pecuniary  success.* 
Passing  over  these  preliminaries  we  may  now  proceed  to  describe 
the  principal  iron-ore  horizons  of  the  United  States  in  geological 
succession,  beginning  with  those  of  the  ancient  crystalline  rocks 
which,  as  they  underlie  the  Paleozoic,  have  been  variously  designated 
as  Eozoic,  Archaean  and  Primary.     These  rocks,  as  the  result  of  life- 
long studies,  we  have  been  led  to  divide  into  several  distinct  groups 
or  terranes,  which  appear  to  have  a  definite  order  in  the  earth's  crust, 
and,  moreover,  to  sustain  constant  relations  to  their  contained  iron- 
ores';   thus  giving  to  these  divisions  not  only  universal  application 
but  great  economic  importance.  '  Without  entering  at  .length  into 
questions  of  theoretical  geology,  it  may  be  said  in  a  few  words  that 
we  reject  for  these  ancient  crystalline  rocks  alike  the  so-called  meta- 
morphic  and  the  igneous  hypotheses  of  their  origin,  believing  them 
to  have  been  formed  at  definite  and  distinct  periods  in  the  world's 
earlier  history,  through  the  intervention   of  water,  but  under  con- 
ditions widely  different  from  those  of  later  sediments.f     We,  more- 
over, reject  as  untenable  the  notion  of  the  igneous  origin  of  the  iron- 
ores  themselves,  which  appear  to  be  in  all  cases  deposited  from  water, 
generally  contemporaneous  with  the  enclosing  rocks,  but  more  rarely 
by  subsequent  processes   in   fissures,  after  the  manner  of  mineral 
veins. 


*  Those  who  are  curious  to  follow  the  details  of  this  history  will  find  it  told  at 
length  by  the  writer  in  the  Report  Geol.  Survey  of  Canada  for  1866-69,  pp.  261- 
269°  280-284.  See  further,  J.  M.  Swank,  Iron  in  All  Agea,  p.  97,  for  the  early  trials 
in  Connecticut. 

t  An  extended  statement  of  the  writer's  views  on  this  subject  will  be  found  in 
an  "  Essay  on  the  Origin  of  Crystalline  Rocks  and  the  Crenitic  Hypothesis,"  in  his 
volume  entitled  Mineral  Physiolofjy  and  Physiography,  pp.  68-189.  Eds.  1886  and 
1890. 
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The  great  divisions  of  these  stratiform  crystalline  rocks  are  desig- 
nated as  follows  in  ascending  order:  Laurentian,  Norian,  Arvonian, 
Huronian,  Montalban  and  Taconian.*  The  succession  is,  however, 
frequently  incomplete  from  the  local  absence  of  one  or  more  of  the 
intermediate  divisions.  The  first  of  these  divisions,  named  from  the 
Laurentide  mountains  north  of  the  St.  Lawrence,  includes  also  the 
greater  part  of  the  Adirondacks,  the  Highlands  of  the  Hudson,  and 
the  continuation  of  these  along  the  so-called  South  Mountain  or  Blue 
Ridge,  into  the  Caroliuas.  We  have  predominant  in  this  terrane  a 
peculiar  type  of  granitoid  gneiss,  with  highly-inclined  sti'atification, 
sometimes  associated  with  crystalline  limestones  in  certain  portions, 
and  including  in  beds  and  lenticular  masses  conformable  to  the  strati- 
fication great  deposits  of  iron-ore,  generally  magnetic,  which  are 
extensively  mined  in  the  Adirondacks  to  the  west  of  Lake  Cham- 
plain,  and  farther  southward  at  intervals  along  the  Atlantic  belt 
at  least  into  Xorth  Carolina.  To  this  most  ancient  horizon  also 
belong  the  similar  rocks  and  ores  in  Canada,  to  the  north  of  the  St. 
Lawrence  and  of  Lake  Ontario. 

These  Laurentian  magnetites  are  sometimes  exceedingly  pure,  but 
at  other  times  they  include  phosphate  of  lime,  which,  in  the  form  of 
crystalline  apatite,  marks,  in  one  locality  on  Lake  Champlain,  the 
planes  of  stratification  of  the  ore.  This  impurity,  however,  is  of 
rare  occurrence.  Iron-pyrites  is  not  unfrequently  so  abundant  as  to 
render  a  preliminary  roasting  of  the  ore  necessary,  and  combined 
titanium-oxide  is  sometimes  found,  though  not,  so  far  as  known  in 
this  terrane,  in  such  amount  as  to  unfit  the  ores  for  use  in  the  blast- 
furnace. The  occasional  occurrence  of  disseminated  scales  of  graphite 
in  these  Laurentian  magnetites  is  a  fact  of  mincralogit-al  interest, 
and  the  presence  of  intermingled  calcite,  quartz,  orthoclase,  pyroxene, 
and  other  silicates,  notably  achloritic  mineral,  may  be  noted.  Crys- 
talline specular  hematite  sometimes  replaces  the  mngnctite  in  these 
Laurentian  rocks.  Mention  may  here  be  made  of  franklinite,  a  min- 
eral resembling  magnetite,  but  including  besides  the  oxide  of  iron  those 
of  manganese  and  zinc.  It  is,  moreover,  generally  accompanied  by 
crystalline  red  zinc-oxide.  Tliis  ore,  elsewhere  a  mineralogical 
rarity,  is  mined  to  some  extent  in  the  Laurentian  in  New  Jersey, 
and  after  yielding  its  zinc  by  distillation  is  smelted,  yielding  a  man- 
ganesian  alloy  or  spiegeleisen. 


*  Mineral  Pfiysiology  and  Physiography,  pp.  402-425 ;   also   Report  E,  Second 
Geological  Survey  of  Pennsylvania,  passim. 


THE    IRON-ORES   OF   THE    UNITED   STATES.  7 

Next  in  ascending  order  among  the  Eozoic  terranes  we  have  placed 
the  Xorian  series,  so  called  from  the  j)redominance  therein  of  great 
masses  of  stratiform  norite,  a  rock  essentially  composed  of  labra- 
dorite  or  some  closely-related  feldspar.  These  norites  are,  however, 
not  unaccompanied  with  gneisses  and  limestones  like  those  of  the 
older  Laurentian,  on  which  the  Norian  is  found  to  rest  unconforra- 
ably  in  many  localities.  So  far  as  known,  the  iron-ores  of  this  series 
are  highly  titanic,  and  though  sometimes  holding  an  admixture  of 
magnetite,  are  often  destitute  of  magnetism,  being  a  pure  ilmenite  or 
menaccanite,  and  in  some  cases  containing  an  excess  of  titanic  oxide  • 
in  the  form  of  crystalline  grains,  apparently  of  rutile.  These  ores, 
though  sometimes  abundant,  are  thus,  in  the  present  state  of  our  iron- 
industry,  of  little  value.  They  abound  in  areas  of  Norian  rock  in 
the  Adirondack  region  in  Essex  county.  New  York,  and  have  been 
found  under  similar  conditions  in  the  Black  Hills  of  Wyoming  and 
in  various  parts  of  Canada,  notably  at  the  Bay  of  Seven  Islands,  on 
Lake  St.  John,  and  at  Bay  St.  Paul  near  Quebec,  where  an  unprofit- 
able attempt  was  made  to  smelt  them  a  few  years  since.  Similar  ores 
are  found  in  the  Norian  rocks  in  the  Isle  of  Skye,  and  in  Norway,  in 
which  country,  and  in  England,  they  have  been  smelted  to  some 
extent,  when  not  too  titaniferous,  in  admixture  with  other  ores,  or  else 
with  addition  of  great  amounts  of  flux.  The  magnetic  ores  of 
Scandinavia  occur,  so  far  as  known,  in  a  gneissic  series  apparently 
identical  with  the  Laurentian. 

Third  in  the  ascending  series  of  crystalline  terranes  we  have  placed 
the  Arvonian,  which  may  be  described  as  a  stratified  petrosilex, 
either  jaspery  or  porphyritic  in  character,  apparently  the  same  with 
what  is  called  halleflinta  in  Sweden,  and  associated  with  quartzites, 
certain  argillites,  greenish  fine-grained  schistose  rocks,  and  more 
rarely  with  crystalline  limestones.  To  this  horizon  belong  the 
remarkable  varieties  of  mag-netite  and  red  hematite  mined  at  the 
Iron  Mountain,  Shepherd  Mountain  and  Pilot  Knob  in  Missouri. 
I  have  examined  areas  of  these  same  rocks  in  Wisconsin,  along 
the  north  shore  of  Lake  Superior,  in  the  crystalline  belt  known  as 
Green  Ridge  to  the  west  of  Gettysburg  in  Pennsylvania,  and  at 
many  points  along  the  New  England  coast  from  near  Boston  to  the 
Bay  of  Fundy,  and  further  east  in  the  Cobequid  Hills;  noting  occa- 
sionally the  occurrence  of  iron-ores  like  those  of  Missouri,  which  at 
points  in  Maine  and  in  Nova  Scotia  may  assume  an  economic  im- 
portance.    This  series,  which  was  by  C.  H.  Hitchcock  included  in 
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the  base  of  the  Huronian,  is  also  well  developed  in  Sweden  and 
in  North  Wales,  where  it  was  designated  by  Hicks  as  Arvonian. 

Passing  over  the  Huronian  proper  for  a  moment,  only  to  return  to 
it  again,  we  notice  the  great  terrane  which  includes  the  younger 
gneisses, and  the  fine-grained  grauulites  and  mica-schists  of  the  White 
Mountain  series,  which  we  have  designated  Montalban.  Widely 
developed  in  New  England,  it  underlies  the  city  of  New  York, 
there  resting  direcily  upon  the  Laurentian  gneiss  of  the  High- 
lands, which  is  itself  seen  in  the  northern  parts  of  the  city.  The 
Montalban  is  well  displayed  in  and  around  Philadelphia,  and  forms 
a  large  portion  of  the  Blue  Ridge  throughout  its  southern  ex- 
tension. Remarkable  for  granitic  veins  sometimes  carrying  tin  and 
other  rarer  elements,  the  Montalban  abounds  in  many  parts  with 
deposits  of  iron-pyrites,  often  cupriferous,  but  is  not  rich  in  iron 
oxides,  though  including,  in  some  localities,  beds  of  magnetite. 

The  Huronian  series  itself  demands  special  notice  because  great 
deposits  of  certain  iron-ores  now  believed  to  belong  to  the  distinct 
Taconian  or  Taconic  series  (about  to  be  considered  at  length)  were 
for  a  long  time  referred  by  geologists  to  this  horizon.  The  Huro- 
nian, a  great  terrane  marked  by  characteristic  serpentinic,  dioritic, 
chloritic  and  epidotic  rocks,  and  including  important  deposits  of 
sulphuretted  copper-ores,  contains,  it  is  true,  more  or  less  hematite 
and  magnetite,  in  some  cases  at  least  with  consideral)le  admixtures  of 
titanium,  and  also  carries  chromic  iron-ores,  which  in  various  parts 
of  its  distribution  are  of  economic  importance.  The  immense 
deposits  of  magnetic  and  specular  iron-ores  in  the  vicinity  of  the 
great  lakes  in  rocks  formerly  called  Huronian  are,  however,  to  the 
best  of  the  writer's  judgment,  to  be  referred  to  the  Taconian. 

The  study  of  this  series  brings  us  back  to  the  eastern  part  of  the 
United  States,  and  to  the  region  already  defined  as  the  Appala- 
chian valley,  lying  along  the  southwestern  border  of  the  great 
Atlantic  belt,  and  traceable  from  western  Vermont  as  far  southward 
as  Alabama.  From  an  early  time  in  the  history  of  American  iron- 
working,  the  importance  as  a  source  of  iron  of  the  brown  ores  of 
that  region  was  recognized,  and  they  were  smelted  more  than  a  cen- 
tury since  in  western  Connecticut  and  in  Pennsylvania.  These 
hydrous  ores,  for  the  most  part  limouite,  and  generally  known  as 
brown  hematite,  are  found  imbedded  in  soft  deposits  more  or  less 
clay-like  in  character,  and  consisting  of  certain  crystalline  schists 
altered  and  greatly  softened  in  situ  by  chemical  changes,  often  to 
a  depth  of  100  faet  or    more.      These  folded  and  inclined  strata, 
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which  have  been  sheltered  from  erosion  by  tlie  belt  of  older  crystal- 
line rocks  along  their  border,  merit  an  especial  study  alike  for 
themselves  and  for  the  ore-deposits  which  they  include.  The  simi- 
larity in  form,  distribution  and  mode  of  occurrence  of  these  hydrous 
ores  is  well  known  to  those  engaged  in  the  mining  of  them,  and  may 
be  advantageously  studied  in  parts  of  western  New  England  and  in 
Dutchess  County,  N.  Y.,  in  portions  of  New  Jersey,  and  through- 
out the  great  Appalachian  valley  in  Pennsylvania  and  farther 
southwards,  where  they  are  also  associated  in  many  places  with 
anhydrous  oxydized  ores — magnetite  and  red  hematite.  The  nature 
of  all  these  deposits,  but  especially  of  the  hydrous  ores  and  their 
decayed  strata,  as  well  as  their  geological  age,  has  been  the  subject 
of  much  vague  speculation  and  unfortunately  of  great  misconcep- 
tions on  the  part  of  many  geologists,  nor  is  it  too  much  to  say  that 
an  adequate  solution  of  the  problems  thus  raised  involves  many 
difficult  questions  alike  of  chemistry,  of  minerah)gy  and  of  geologi- 
cal stratigraphy,  which  go  far  to  explain  the  confusion  still  existing, 
and  which  we  shall  endeavor  briefly  to  explain. 

Resting  in.  unconformable  stratification  indifferently  upon  the 
Laurentian,  the  Montalban,  or  some  intermediate  terrane,  is  a  series 
of  rocks  not  less  than  5Cl00  feet  in  thickness  (and  in  many  parts  greatly 
exceeding  it),  consisting  in  their  lower  part  of  quartzites  and  pecu- 
liar soft  crystalline  schists,  and  higher  in  the  series  including  great 
beds  of  crystalline  limestone,  often  magnesian,and  becoming  in  many 
parts  a  banded  or  a  white  marble;  the  whole  with  more  or  less  alter- 
nation of  the  soft  schists,  passing  into  argillites.  This  great  series 
was,  by  the  earlier  investigators,  Maclure,  Eaton  and  Emmons,  sup- 
posed to  be  distinct  from  the  Paleozoic  rocks  above  the  First  or 
Transition  Graywacke,  and,  with  the  exception  of  some  intervening 
argillites,  was  included,  under  the  names  of  Granular  Quartz  rock 
and  Granular  Lime  rock,  in  the  Primary  or  Eozoic,  with  the  gneisses, 
mica-slates,  etc.  Above  the  Transition  Graywacke,  in  the  Champlain 
and  Mohawk  valleys,  the  researches  of  certain  New  York  geologists 
soon  after  made  known  the  existence  of  a  series  of  quartzites  and 
limestones  directly  overlaid  by  shales  and  sandstones,  constituting 
the  Second  Graywacke,  nr)t  unlike  the  First,  with  which  these  ob- 
servers confounded  it.  These  divisions,  then  and  since  designated 
Potsdam,  Calciferous,  Trenton,  Utica  and  Loraine,  are  highly  fos- 
siliferous,  and  very  much  less  in  aggregate  thickness  than  the  series 
elsewhere  interposed  between  the  older  Primary  and  the  First  Gray- 
wacke.    This    series  was,    moreover,   though   not    without  certain 
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traces  of  organic  life,  destitute  of  the  fauna  found  in  the  fossiliferous 
strata  above  named,  but  contained  many  characteristic  crystalline 
minerals.  The  metamorphic  hypothesis  was  at  that  time — fifty  years 
since — greatly  in  vogue,  and  led  many  geologists  to  imagine  the  Pri- 
mary or  Eozoic  rocks  to  be  wholly  or  in  great  part  the  result  of  a 
mysterious  and  unexplained  alteration  of  Paleozoic  strata,  portions 
of  which  were  supposed  to  be  changed  into  the  well-known  adjacent 
gneisses  and  mica-schists.  In  like  manner,  it  was  assumed  that  the 
Granular  Quartz  rock  and  Granular  Lime  rock,  with  their  inter- 
posed and  immediately-overlying  schists,  below  the  First  Graywacke, 
were  the  metamorphosed  representatives  of  the  wholly  distinct  Pots- 
dam-Trenton-Loraine  divisions.  These  have  an  aggregate  thickness 
of  not  more  than  2000  feet,  while  the  great  and  very  unlike  crystal- 
line series,  included  by  H.  D.  Rogers  in  Pennsylvania  under  the 
names  of  Primal  Slate,  Primal  Quartzite,  Auroral  Limestone  and 
Matinal  Shale,  and  having  an  aggregate  thickness  of  not  less  than 
5000  or  6000  feet,  was  declared  to  be  their  metamorphosed  equiva- 
lents, extending  throughout  the  great  Appalachian  valley. 

This  peculiar  and  distinct  crystalline  series  constitutes  what  was 
subsequently  called  by  Einmons  Lower  Taconic,  and  by  the  writer 
Taconian  ;  the  Upper  Taconic  of  Emmons  being  the  First  Graywacke 
of  the  earlier  writers.  The  Taconian  rocks  include  mineral  species 
which  give  to  it  a  distinctive  character  as  well  as  a  great  economic 
importance.  Apart  from  the  ores  of  zrinc  and  of  copper,  must  be 
mentioned,  in  the  first  place,  those  of  iron.  Of  these,  the  hydrous 
ores,  limonites  or  brown  hematites,  found  in  the  soft  decayeil  strata, 
are  of  epigenic  origin  ;  that  is  to  say,  they  result  from  the  alteration 
in  situ,  through  the  action  of  water  holding  oxygen  in  solution,  either 
of  iron-carbonate  (siderite),  or  of  iron-pyrites,  large  deposits  of  both 
of  which  are  met  with  in  the  upper  part  of  the  series,  th6  carbonate, 
however,  predominating.  The  percolation  of  atmospheric  waters 
charged  with  oxygen,  converts  by  well-known  reactions  the  iron-car- 
bonate into  hydrous  peroxide;  any  lime  and  magnesia  present  being 
removed  as  dissolved  carbonate,  while  the  iron  is  left  as  a  hydrous 
peroxide,  generally  liraonite.  As  I  have  elsewhere  pointed  out,  the 
conversion  of  pure  iron-carbonate  into  limonite  by  this  process  in- 
volves a  contraction  of  nearly  twenty  per  cent.,  and  as  this  change 
takes  place  from  without  inwards,  and  is  generally  accompanied  by 
a  rearrangement  of  the  in.soluble  compound,  it  happens  that  the 
masses  of  limonite  are  cavernous  and  often  concentric  in  structure. 
In  some  cases  these  hollow  masses  contain   nuclei  of  carbonate,  and 
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large  quantities  of  this  unchanged  mineral  are  met  with  in  deep  or 
in  j>rotected  workings.  The  presence  of  manganese-carbonate  often 
gives  an  admixture  of  manganese- oxides,  which  have  been  found  in 
considerable  quantities  with  these  limonites  in  more  than  one  locality. 

Lenticular  beds  of  iron-carbonate  which  are  but  superficially 
changed  to  limonite  are  mined  at  Burden,  Columbia  Co.,  N.  Y., 
where  they  appear  a  little  east  of  the  Hudson  in  gray  white-weather- 
ing argillites  with  some  calcareous  and  arenaceous  beds,  highly  con- 
torted, with  eastern  dips  and  often  overturned.  They  have  lately 
been  well  described  by  Kimball,  who,  following  the  tradition  of 
Mather,  refers  them  to  the  Hudson-River  group,  which,  as  will  be 
shown  by  a  note  farther  on,  was  made  by  Mather  to  include  alike 
Taconian,  Cambrian  and  Ordovician  strata. 

Less  frequently  in  these  strata  are  found  beds  of  iron-pyrites, 
which,  under  favorable  circumstances,  have  also  suffered  a  process  of 
oxidation  resulting  in  the  production  of  limonite.  Several  examples 
of  this  have  been  described  in  mines  in  Pennsylvania,  where  waters 
impregnated  with  iron-sulphate  appear,  and  unaltered  pyrites  is 
found  in  depth.  Their  structure  will  serve  to  distinguish  the  pyri- 
tous  from  the  sideritic  limonites,  which  latter  are  by  far  the  more 
abundant  in  this  series.  While  the  accumulation  alike  of  iron-car- 
bonate or  iron-sulphide  has,  in  many  cases,  been  effected  by  a  pro- 
cess of  segregation,  all  evidence  in  the  epigenic  processes  here  noticed 
points  to  the  conversion  of  masses  already  in  situ. 

Crystalline  magnetite  and  compact  or  scaly  red  hematite  are  alike 
frequently  disseminated  in  the  schists  and  quartzose  layers  of  the 
lower  part  of  this  series, sometimes  giving  rise  to  lean  siliceous  iron- 
ores,  but  at  other  times  to  deposits  of  great  richness  and  economic 
value.  To  this  horizon  belong  the  mines  of  Cornwall,  Boyerstown, 
Wheatland,  Reading  and  Dillsburg,  appearing  in  the  north  side,  and 
the  Warwick  and  Jones  mines  on  the  south  side  of  the  belt  of  Meso- 
zoic  sandstone  in  Pennsylvania.*  Protected  by  this  rock,  and  its 
accompanying  dykes  of  dolerite,  these  remarkable  deposits  of  mag- 
netite have  been  by  certain  geologists  regarded  as  of  Mesozoic  age, 
but  as  I  have  long  since  shown,  careful  studies  leave  no  doubt  of  the 
correctness  of  the  later  view  of  H.  D.  Rogers,  who  referred  these 
ores  to  his  so-called  Primal  Slate.     The  mineraloffical  characters  of 


*  See  the  author's  Mineral  Physiology  and  Physiography,  pp.  261-268 ;  also  p.  538  ; 
also  Iiis  furtlier  description  of  the  Cornwall  mine,  Trans.  Amer.  Inst.  Mining  En- 
gincersy'iv.,  pp.  319-325;  and  Report  E,  Second  Geological  Survey  of  Pennsylvania. 
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these  ores  are  very  distinct,  and  unlike  those  found  in  the  old  gneisses. 
Softer,  mere  finely  granular,  and  less  coherent,  they  generally  in- 
clude small  portions  of  iron-sulphide,  with  a  little  manganese,  cobalt 
and  copper;  the  latter  sometimes  in  such  proportions  as  to  he  sepa- 
rated with  advantage  in  the  process  of  mining.  Considerable  de- 
posits of  zinc-ore  (blende  or  calamine)  are  also  met  with  in  more 
than  one  locality  in  the  limestones  of  this  series. 

These  ore-bearing  Taconian  rocks  are,  however,  by  no  means  con- 
fined to  the  Appalachian  valley.  Even  in  their  southward  exten- 
sion, while  the  chief  belt  is  traced  through  eastern  Tennessee  and 
into  Alabama  (where  the  Taconian  asssumes  a  great  thickness  along 
the  western  base  of  the  older  crystalline  rocks),  several  areas  of  it  are 
found  farther  eastward  on  the  Atlantic  slope,  which  it  probably  once 
covered.  One  such  subordinate  belt  is  traced  continuously  from  the 
main  area  in  Pennsylvania  into  North  Carolina,  where  it  is  one  of 
four  Taconian  areas  east  of  the  Appalachian  valley  which  have  there 
been  alternately  described  as  Huronian  and  Taconian.  That  of 
King's  Mountain,  which  lies  partly  in  North  and  partly  in  South 
Carolina,  having  a  thickness  of  about  5000  feet,  is  noticeable  alike 
for  its  marbles,  its  quartzites,  its  liraonites,  and  its  magnetic  and 
specular  iron-ores.  It  has  been  independently  described  by  Oscar 
Lieber  as  an  Itacolumitic  group.  Farther  northward  also,  Taco- 
nian areas  occur  in  New  England,  along  the  Bay  of  Fundy,  and  in 
the  Cobequid  Hills  in  Nova  Scotia,  where  they  include  important 
deposits  of  iron-ores.  * 

The  great  iron-bearing  horizon  of  northern  Michigan,  which 
extends  into  Minnesota  and  Wisconsin,  is  in  crystalline  schists,  which 
were  by  Murray,  and  after  him  by  Kimball  and  Credner,  regarded 
as  Huronian.  t     That  they  are  distinct  therefrom  and  belong  to  an 

*  For  a  detailed  account  of  this  matter  see  in  the  author's  Mineral  Physiology  and 
Physiography,  The  Taconic  Question  in  Geology,  pp.  517-686  ;  also  Ibicl,  413-415 
and  "  The  Taconic  Question  Restated,"  American  Naturalist  for  February,  March  and 
April,  1887.  The  Itacolumite  group  of  Brazil,  to  whicii  Lieber  has  with  great 
probability  compared  the  Taconian,  is  there  one  of  much  importance  alike  strati- 
graphically  and  economically.  It  is,  like  the  Taconian,  auriferous  and  diamond- 
bearing,  and  its  itabirite  and  specular  schist  represents  the  similar  Taconian  ores. 
The  official  reports  of  Lieber  are  very  rare,  but  a  pretty  complete  analysis  of  them, 
as  regards  this  group,  will  be  found  in  Mineral  Physiology,  etc.,  pp.  564-569.  Tlie 
Taconian  limestone  of  King's  Mountain  has  long  been  mined  for  gold.  The  series 
here  rests  upon  Montalban  gneisses  and  mica-schists,  including  granitic  veins  and 
masses  which  I  find  to  be  endogenous,  carrying  so  much  cassiterite  as  to  have 
lately  attracted  considerable  attention. 

t  The  name  of  the  Animikie  group  was  in  1873  applied  by  the  present  writer  to 
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overlying  series,  including  what  was  first  distinguished  by  the  writer 
in  1873  as  the  Animikie  group,  and  that  they  coincide  alike  in 
mineralogical  character  and  in  stratigraphical  position  with  the  Taco- 
nian,  had  long  been  suspected.  The  independent  researches  of 
Rominger  and  of  Irving  leave,  we  think,  no  doubt  that  this  iron-bear- 
ing series,  provisionally  referred  to  the  Huronian,and  including  the 
writer's  Animikie,  is  a  great  development,  in  the  northwest,  of  the 
Taconian  series.  To  this  also  the  writer  has  referred  smaller  areas 
of  similar  iron-bearing  rocks  in  Hastings  county,  Ontario,  and  in 
St.  Lawrence  county,  New  York.  The  conditions  now  presented 
around  Lake  Superior  where  erosion  has  swept  away  the  evidences 
of  sub-aerial  decay,  while,  however,  sparing  the  harder  magnetic  and 
specular  iron-ores,  and  in  many  localities  the  epigenic  limonites,  which 
were  there  mined  in  the  earlier  times,  are  necessarily  very  unlike 
those  of  the  Appalachian  valley. 

The  space  which  we  have  thus  given  to  the  Taconian  ore-deposits 
is  more  than  justified  by  their  great  economic  importance,  not  less 
than  by  the  curiosities  of  their  geological  history.  These  ores  from 
Lake  Superior  furnished  in  1887  over  44  per  cent.,  and  with  those 
from  the  Cornwall  mine,  and  the  brown  hematites  of  the  Appalachian 
valley,  considerably  over  one-half  of  the  total  iron-product  of  the 
United  States. 

The  evidence  drawn  from  the  supposed  contiguity  of  portions  of 
fossiliferous  rocks  with  the  Taconian  in  certain  localities  within  the 
great  valley,  is  discredited  by  not  less  clear  evidence  of  the  strati- 
graphical  inferiority  of  the  ore-bearing  Taconian;  while  the  absence 
of  such  ore-deposits  in  the  same  fossiliferous  rocks  throughout  the 
regions  in  question  may  suffice  to  close  the  discussion. 

The  decay  of  crystalline  rocks  which  has  been  noticed  in  connec- 
tion with  the  limonite  ores  of  the  Taconian,  was  a  process  universal 
in  its  application  (as  pointed  out  by  the  writer  in  1870)  and  has  been 
the  source  of  all  clays,  sands  and  boulders,  the  subsequent  erosion  and 
rearrangement  of  these  by  aqueous  action  being  a  very  important 

the  slates  and  sandstones  making  the  lower  divison  of  the  Upper. Copper-bearing 
series;  the  Iluronian,  upon  which  the  Animikie  was  seen  to  rest  unconformably, 
being  the  Lower  Copper-bearing  series  of  Logan.  The  sandstone  and  amygdaloids, 
which  in  their  turn  overlie  unconformably  the  Animikie,  were  then  also  first 
claimed  by  the  writer  as  a  distinct  series,  named  the  Keweenaw  or  Keweenian. 
Irving's  snl)seqiient  statement  that  I  regarded  the  Animikie  as  newer  than  the 
Keweenaw  (Fifth  An.  Rep.  U.S.  Geol.  Survey,  1885,  p.  203)  is  totally  at  variance 
alike  with  the  views  and  the  language  of  the  present  writer.  See  Mineral  Physiology, 
etc.,  pp.  414-415,  and  578-583. 
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factor  in  surface  geology.*  As  we  proceed  southward  through  the 
United  States  we  enter  regions  where  portions  of  the  decayed  ma- 
terial still  remain  undisturbed,  not  only  in  the  sheltered  Appalachian 
valley  but  on  higher  levels.  Hence  it  is  that  we  find  great  deposits 
of  iron  pyrites  in  Virginia,  and  farther  southward,  still  enclosed  in 
their  walls  of  decayed  gneiss  and  mica-schist,  though  already  changed 
into  liraonite  by  oxidation.  In  many  cases  these  superficial  masses 
of  oxide  have  attracted  attention  as  iron-ores,  the  working  of  which 
has  not  unfrequently  disclosed  rearranged  local  accumulations  of 
copper;  while  at  depths  of  100  feet  or  more  an  unchanged,  and  often 
more  or  less  cupriferous  pyrites,  is  met  with  in  the  unaltered  gneiss. 
These  deposits,  though  not  of  great  or  permanent  value  as  iron-ores, 
deserve  mention  the  more  as  they  often  attract  attention  dispropor- 
tionate to  their  importance.  Space  may  here  be  found  to  describe  a 
j)ecuHar  occurrence  of  limonite  on  Stalen  Island,  New  York.  Here 
an  area  of  several  square  miles  has  a  surface  of  serpentine,  which  by 
decay  in  situ  has  been  converted  to  a  considerable  depth  into  a 
brownish  earthy  matter,  including  concretionary  masses  and  grains 
of  a  limonite,  which  like  the  underlying  serpentine  is  chromiferous, 
and  has  in  past  times  been  the  seat  of  a  considerable  mining  indus- 
try; the  whole  presenting  a  very  instructive  example  of  the  results 
of  subaerial  decay  in  an  area  which,  probably  from  Mesozoic  time, 
has  been  protected  from  erosion. 

Having  set  forth  the  chief  facts  in  the  geological  history  of  the 
iron-ores  of  the  great  divisions  of  the  crystalline  rocks,  it  remains  to 
notice  those  ores  which  are  included  in  the  deposits  of  Paleozoic 
time.  Recognizing  in  these  the  now  generally  accepted  divisions 
into  Cambrian,  Ordovician,  Silurian,  Devonian  and  Carboniferous 
(the  latter  including  the  generally  recognized  coal-measures  but  ex- 
cluding those  of  Mesozoic  age)  we  note  that  the  First  or  Transition 
Graywacke,  the  Upper  Taconic,  also  designated  Hudson-River  and 
Quebec  group,f  while  distinct  from  the  Taconian  proper,  is  limited 
to  certain  areas  within  the  Appalachian  valley,  and  with  the  excep- 
tion of  occasional  portions  of  overlying  and  included  Ordovician  and 
Silurian,  is  Cambrian  in  age.  It  is  uncrystalline  in  character,  and 
is  not  known  to  contain  any  workable  deposits  of  iron-ores  whatever. 

*  See,  for  the  whole  question,  an  essay  on  "  The  Decay  of  Crystalline  Rocks," 
Mineral  Physiology  and  Physiography,  pp.  246-278. 

t  See,  for  a  concise  statement,  "The  Geological  History  of  the  Qnebec  Group," 
American  Geologist  for  April,  1890.  Also  the  preface  to  tiie  second  edition  of  Mineral 

Physiology,  etc. 
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The  same  may  be  affirmed  of  the  succeeding  Ordovician,  including 
the  Trenton  limestone  and  its  overlying  Utica  and  Loraine  shales. 
The  notion  of  the  supposed  identity  of  this  group  with  the  Taconian 
has  already  been  discussed  and  rejected  in  these  pages.  This  Or- 
dovician group  passes  upward  into  the  true  Silurian,  consisting  in 
its  lower  portion  of  the  sandstones  which  are  known  in  the  State 
of  New  York  as  Oneida  and  Medina,  and  in  conjunction  with  the 
unjflerlying  Ordovician  shales  make  up  what  has  been  called  the 
Second  Graywacke;  the  confounding  of  which  with  the  First  Gray- 
wacke  has  been  the  cause  of  many  errors  in  American  geology.* 

Resting  upon  the  sandstone  just  named,  and  between  it  and  the 
great  overlying  Niagara  limestone  of  the  Silurian,  is  a  subordinate 
limestone  division  locally  known  as  the  Clinton,  which  is  of  interest, 
as  including  the  first  iron-ore  of  our  Paleozoic  series.  This  is  a 
stratum  a  few  feet  in  thickness  in  a  marine  fossiliferous  limestone, 
the  organic  remains  in  which  are  cemented  together  by  red  oxide  of 
iron  or  hematite.  This  ore-horizon,  variously  designated  as  the 
Clinton,  the  dyestone  and  the  fossil  ore,  is  traced  from  the  vicinity 
of  the  great  lakes  in  the  north,  eastward  beneath  and  around  the 
Appalachian  coal-basin  as  far  as  Alabama,  and  is  mined  and  smelted 
in  many  localities.  As  a  fact  of  geological  interest  it  may  be  men- 
tioned that  the  great  movements  of  the  strata  which  in  Alabama 
have  subdivided  the  coal-measures  and  brought  to  the  surface  be- 
tween the  Warrior  and  the  Cahaba  coal-fields  the  brown  hematites 
of  the  Primal  or  Taconian,  as  elsewhere  in  the  great  valley,  with  their 
enclosing  clays,  have  exposed  considerable  outcrops  of  the  Clinton 
ore,  which  it  thus  brought  into  close  proximity  at  once  with  these 
higher  grade  ores,  and  with  the  valuable  coking-coals  of  the  region. 
The  Clinton  or  dyestone  ore  is,  however,  of  inferior  quality,  and  in 
the  deeper  workings,  where  solution  has  not  removed  the  included 
calcareous  fossils,  is  often  no  longer  rich  in  iron.      A  somewhat 


*  It  was  W.  W.  Mather  who  fifty  years  since,  by  his  denial  of  the  existence  of 
the  First  Graywacke  of  Eaton,  and  his  attempt  to  show  tliat  this  ancient  uncrystal- 
line  group,  together  with  the  whole  underlying  Taconian,  the  Trenton  limestone, 
and  the  Second  Graywacke  itself,  were  modifications  of  the  Potsdara-Trenton- 
Loraine  series,  or  the  so-called  Champlain  division  of  New  York  Paleozoic  rocks,  in 
various  stages  of  alteration,  caused  this  confusion.  From  him,  and  from  Vaniixem, 
came  the  use  of  the  term  Hudson-River  group  (afterwards  changed  by  Logan  to 
Quebec  group)  for  these  schistose  rocks  of  three  distinct  periods,  which  were  all 
asGumed  to  be  equivalent  to  the  Loraine  shales. 
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similar  ore-horizon  occurs  with  the  Oriskany  sandstone  at  the  base 
of  the  Devonian.  It  is  often  a  brown  hematite,  very  siliceous,  but  is 
mined  in  parts  of  Virginia,  where  it  yields  a  valuable  iron-ore. 

Passing  upward  into  the  coal-measures  of  the  Appalachian  basin, 
we  meet,  at  various  horizons,  iron-ores  which  may  be  described, 
mineralogically,  as  belonging  to  two  distinct  classes.  Of  these,  the 
most  abundant  are  those  consisting  essentially  of  carbonate  of  iron, 
either  as  so-called  black-band  ore,  or  as  massive  or  concretionary 
clay-ironstone,  which,  near  its  outcrop,  is  transformed  by  peroxida- 
tion into  limonite,  with  the  loss  of  any  combined  lime  or  magnesia, 
and  the  hydration  of  the  iron-oxide.  The  second  type  is  the  anhydrous 
peroxide  or  red  hematite,  which,  though  more  rare,  is  found  in  many 
localities  in  concretionary  masses  of  such  great  hardness  and  com- 
pactness as  to  have  attracted  the  notice  of  the  aborigines,  who 
fashioned  them  into  arrowheads  and  other  weapons. 

The  concentration  of  iron-carbonate  in  rocks  by  the  intervention 
of  organic  matter  reducing  and  rendering  soluble  the  ferric  oxide 
diffused  through  the  sediments,  has  been  studied  by  many  chemists, 
notably  by  W.  B.  Rogers,  while  Shaler  has  called  attention  to  the 
conversion  of  layers  of  carbonate  of  lime  in  the  coal-measures  by 
percolation  from  above;  a  replacement  explained  by  the  chemical 
reactions  observed  between  carbonate  of  lime  and  dissolved  bi-car- 
bonate  of  iron.  The  subsequent  conversion  of  such  iron-carbonates 
into  limonite  is  familiar,  but  the  generation  instead  of  this  of  a  half- 
hydrated  species,  as  turgite,  or  an  anhydrous  form,  as  in  the  com- 
pact red  hematite  found  in  these  Paleozoic  strata,  is  not  well  under- 
stood. The  interstratified  ores  of  the  coal-measures  form  a  not 
inconsiderable  source  of  iron  in  various  parts  of  the  great  Appalachian 
coal-fields;  while  similar  ores  abound,  and  were  at  one  time  smelted 
to  some  extent,  in  the  western  coal-field  in  Kentucky. 

It  may  be  said,  in  general  terms,  that  the  abundant  supplies  of 
richer  and  easily-mined  ores,  in  localities  not  too  remote  from  the  coal, 
have  greatly  contributed  to  their  development.  It  remains  to  be  noted 
that,  with  the  exception  of  the  deposits  in  the  Atlantic  belt  in  New 
York  and  New  Jersey,  the  ores,  of  the  United  States  are  not 
favorably  situated  for  the  production  of  iron  for  foreign  markets. 
This  consideration  has  given  an  importance  to  the  trade  in  foreign  iron- 
ores  which,  notwithstanding  the  present  high  duty  imposed,  has  in  the 
last  few  years  assumed  considerable  proportions.  High-grade  ores 
from  Spain,  Algiers,  Italy,  Greece,  from  Cuba,  and  to  a  limited 


THE    IROi:-ORES    OF   THE    UNITED   STATES.  17 

extent  from  Canada,  must  be  reckoned  as  factors  in  our  iron-in- 
dustry.* 

The  Atlantic  belt  in  New  England,  and  in  the  province  of  Quebec, 
has  afforded  little  iron-ore,  though  there  are  undeveloped  possibilities 
in  several  localities,  while  there  is  reason  to  believe  that  in  the  maritime 
provinces  of  Nova  Scotia  and  New  Brunswick,  alike  in  the  Paleozoic 
basin,  with  its  included  coal-measures,  and  in  the  older  crystalline 
rocks,  tliere  are  iron-deposits  which,  from  their  proximity  to  coal, 
and  from  their  accessibility  by  sea,  may  one  day  assume  considerable 
economic  importance. 

In  bringing  to  a  close  this  review  of  the  iron-ores  of  the  country, 
necessarily  very  meagre  and  incomplete,  no  apology  is  attempted  for 
the  manner  in  which  it  has  been  presented,  and  this  for  the  reason 
that  1  believe  the  end  which  I  have  had  in  view  will  be  best  sub- 
served by  the  geological  method  here  adopted.  The  geographical 
distribution  of  the  various  ores,  their  relation  to  the  supplies  of  coal, 
and  of  the  centers  of  production  and  manufacture  alike  to  home 
and  foreign  markets,  are  obvious  to  the  general  student,  without  any 
special  reference  to  the  geological  distribution  of  the  ores.  The 
consideration  of  these,  and  of  the  subordination  of  the  special  types 
of  ores  to  certain  geological  horizons,  are,  however,  less  familiar  to 
our  iron-masters,  and  at  the  same  time  will  always  possess  a  great 
significance.  Such  a  study  as  the  present  must  necessarily  be  sup- 
plemented by  an  elaborate  chemical  investigation  of  these  different 
classes  of  ores  considered  alike  in  their  relations  to  blast-furnace 
practice  and  to  their  respective  adaptability  to  the  various  branches 
of  iron  and  steel-industry.  I  need  not  remind  you  of  the  great 
amount  of  information  already  acquired  by  the  skill  of  the  manu- 
facturers, and  the  scientific  knowledge  of  our  metallurgical  chemists. 
Another  hand  more  trained  than  my  own  is  needed  to  attempt  the 
task  of  di.scussing  it. 

*  The  following  figures  will  sufBce  to  give  a  notion  of  the  absolute  and  relative 
importance  of  the  importations  of  iron-ore  to  the  United  States  for  the  fiscal  years 
ending  June  30,  1887,  and  June  30,  1888,  which  amounted  respectively  to  1,441,- 
774  tons  and  917,644  of  ores  carrying  from  50  to  60  per  cent,  of  iron  : 

1887.  1888. 

Spain, 45.8  45.0 

Algeria 18.8  17  7 

Italy, 100  107 

Greece 4.0  3.7 

England,    ....   - 6.3  6.2 

Cuba, 9.6  16.0 

British  North  America, 2.1  15 

The  imports  from  Cuba  for  1888-89  had  risen  to  34.5  p.  c.  of  652,032  tons. 
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EXPLOSIONS  FBOM  UNKNOWN  CAUSES. 

BY  J.  C.  BAYLES,  EAST  ORANGE,  N.  J. 
(New  York  Meeting,  September,  1890.) 

The  most  unsatisfactory  occurrences  in  the  experience  of  a  manu- 
facturer are  those  from  which  he  suffers  damage  and  learns  nothing 
useful.  That  there  are  such  incidents,  and  that  they  occur  with 
annoying  frequency,  is  unfortunately  true.  ,  An  accident  which  can 
be  understood  and  explained  always  carries  some  consolation  with 
it.  However  bad  the  consequences,  one  finds  comfort  in  reflecting 
that  they  might  have  been  worse,  and  that  the  knowledge  of  how  to 
avert  a  more  disastrous  calamity  from  the  same  cause  is  worth  what 
it  cost.  But  when  an  accident  occurs,  which  remains  unexplained 
after  anxious  days  of  investigation  and  sleepless  nights  of  reflection, 
and  which  is  as  liable  to  occur  twice  or  twenty  times,  as  once,  very 
little  satisfaction  of  any  kind  can  be  extracted  from  it  by  the  most 
philosophical  victim.  Three  such  incidents  have  come  under  my 
notice  in  one  establishment.  Fortunately  none  of  them  were  attended 
M'ith  very  serious  consequences,  as  no  one  was  hurt,  and  the  damage 
to  property  was  slight;  but  in  each  instance,  loss  of  life  and  great 
destruction  were  escaped  by  so  narrow  a  margin  as  to  make  them 
extremely  disquieting.  I  have  recorded  them  in  the  hope,  that  from 
the  experience  of  others  may  be  gained  what  my  own  careful  inves- 
tigations have  failed  to  reach — satisfactory  explanations. 

The  first  of  these  curious  occurrences  was  the  bursting  of  a  16-inch 
pipe  carrying  air  under  a  compression  of  about  1  pound.  The  pipe 
was  made  of  light  galvanized  iron  with  soldered  seams.  Into  it  a 
rotary  fan-blower  delivered  air,  and  from  it  smaller  pipes  were  car- 
ried to  the  furnaces.  The  blower  was  run  continuously.  Neither 
the  main  pipe  nor  its  branches  had  any  connection  with  the  gas  con- 
duits. Both  air-  and  gas-pipes  delivered  into  the  furnaces  ;  but 
although  the  gas  was  under  much  higher  compression  than  the  air, 
there  appeared  to  be  no  good  reason  why,  having  free  escape  in  case 
of  leakage,  it  should  ever  make  its  way  back  into  the  air-pipe.  One 
warm  afternoon  in  June  the  main  air-pipe  exploded  with  great  vio- 
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lence.  Every  window  in  tlie  mill  was  blown  out,  a  considerable 
section  of  the  roof  was  raised  an  inch  or  two,  and  in  several  places  it 
was  broken  through.  The  pipe  was  torn  into  a  thousand  pieces, 
and  a  wagon-load  of  fragments  not  larger  than  my  hand  were  scat- 
tered all  over  the  mill.  Several  of  these  fragments  were  driven 
edgewise  into  the  roof-timbers.  The  disk  closing  the  end  of  the  pipe 
was  projected  against  a  brick  wall  with  such  violence  that  it  remained 
fastened  in  place,  and  is  there  yet,  a  mural  tablet  commemorating 
the  event. 

I  promptly  investigated  the  accident  and  learned  the  following 
facts:  The  pipe  in  which  the  explosion  occurred  extended  the  whole 
length  of  the  mill.  The  machines  then  in  use  were  placed  together 
near  the  end  connected  with  the  blower,  leaving  some  80  feet  of 
what  may  be  called  dead  end.  It  was  in  this  dead  end  that  the  ex- 
plosion occurred.  The  portion  of  the  pipe  from  which  outlets  were 
taken  was  substantially  uninjured,  but  75  feet  of  the  80  feet  beyond 
the  farthest  outlet  were  utterly  destroyed.  The  fact  that,  with  very 
little  mending,  the  part  of  the  pipe  which  the  explosion  had  not 
reached  continued  for  some  months  to  supply  the  machines  with  air, 
shows  how  local  the  explosion  was;  and  the  damage  to  the  mill 
building;  gave  sufficient  evidence  of  its  violence. 

The  natural  explanation  of  this  explosion  is  that  gas  found  its  way 
into  the  air-pipe  and  was  packed  away  in  the  dead  end,  and  that  when 
mixed  with  air  in  explosive  proportions,  it  reached  a  furnace  and 
exploded.  I  can  only  say  that  the  most  rigid  investigation  failed  to 
explain  how  the  gas  got  into  the  air-pipe  against  the  pressure  it  car- 
ried, and  why  an  explosion  beginning  at  a  furnace  should  have  re- 
stricted its  effects  to  the  dead  end  of  the  air-pipe.  It  was  undoubt- 
edly a  gas-  or  vapor-explosion,  but  I  can  find  no  other  explanation 
of  the  presence  of  gas  or  vapor  than  that  it  was  formed  by  the  vola- 
tilization of  the  oil  consumed  in  lubricating  the  trunnionsof  the  blower. 
It  is  conceivable  that  the  large  amount  of  oil  consumed  by  the  blower 
is  volatilized,  and  that  it  becomes  a  hydro-carbon  gas  which  would 
behave  like  any  other  gas  of  similar  composition.  This  gas,  being 
lighter  than  air,  would  occupy  the  upper  part  of  the  pipe,  and  remain 
undisturbed,  while  air  was  drawn  from  outlets  taken  from  its  under- 
side. This  light  gas  may  have  worked  along  and  accumulated  in  the 
dead  end  of  the  air-pipe  until  it  reached,  in  admixture  with  air,  the 
explosive  condition.  But  whence  the  spark?  And  why,  if  fired  by 
a  furnace,  was  the  destructive  force  of  the  explosion  exerted  so  far 
from  the  point  of  ignition?     This  hypothesis  assumes  that  the  vola- 
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tilized  or  gasified  oil  of  many  days'  running  would  remain  undiffused 
for  as  many  nights,  until  its  accumulated  volume  was  great  enough 
to  explain  the  phenomena  of  the  subsequent  explosion.  The  best 
that  can  be  said  of  it  is  that,  perhaps,  it  is  better  than  no  theory  at 
all. 

Nothing  similar  has  occurred  since.  We  replaced  the  galvanized 
iron  pipe  with  a  16-inch  steel  tube,  400  feet  long,  to  meet  the  in- 
creased requirements  of  the  establishment.  All  the  other  condi- 
tions remain  the  same,  except  that  a  small  opening  was  left  in  the 
end  of  the  pipe  which  cannot  be  wholly  closed.  Whether  this  is 
necessary  we  do  not  know.  The  accident  taught  us  nothing  what- 
ever; and,  so  far  as  we  are  avvare,  the  same  causes  are  now  at  work, 
and  may  at  any  time  produce  like  results.  The  fact  that  no  great 
damage  was  done  is  due  to  the  frail  character  of  the  tube  in  which 
tiie  explosion  occurred.  If  the  16-inch  steel  tube  should  ever  be 
destroyed  with  equal  thoroughness  by  such  an  explosion  as  I  have 
described,  I  hope  I  shall  be  in  another  State. 

The  second  of  the  curious  actions  I  shall  mention  was  the  explo- 
sion of  a  No.  6  Sturtevant  blower.  I  was  a  witness  of  this  amus- 
ing, though  somewhat  alarming,  occurrence,  and  can  speak  of  it 
from  personal  knowledge.  The  blower  was  inside  the  mill,  and 
was  driven  by  two  belts  from  pulleys  on  the  main  line  of  shafting. 
It  was  used  to  furnish  blast  for  the  gas-generators.  Some  trouble 
with  the  main  driving-belt  necessitated  a  stoppage  of  the  mill-en- 
gine, and  the  blower  stopped.  In  a  few  minutes  the  engine  started 
again,  and  with  it  the  blower.  It  had  been  long  in  other  use,  but 
as  this  was  its  first  da}'  of  service  in  that  position  I  was  naturally 
curious  to  see  how  it  worked.  So  I  stood  watching  it.  Suddenly 
it  disappeared.  One  side  passed  close  to  me  and  lodged  against  a 
post.  Fragments  weighing  twenty  to  fifty  pounds  were  distributed 
in  all  directions.  The  explosion  was  accompanied  by  a  violent  re- 
port and  succeeded  by  a  dense  cloud  of  yellow-brown,  offensive- 
smelling  smoke,  which  rose  to  the  roof,  rolled  right  and  left,  and 
finally  escaped  at  the  monitor. 

Again  I  investigated,  until  there  remained  no  questions  to  ask. 
That  it  was  not  a  centrifugal  rupture  I  know  without  being  told. 
The  conclusion  was  that  during  the  stoppage  of  the  engine  some 
air-gas  from  the  producers  had  worked  back  through  the  pipe  into 
the  blower.  When  the  blast  was  resumed  these  products  of  imper- 
fect combustion  were  carried  with  the  air-current  into  the  producer.*?, 
and  being  mingled  in  explosive  proportions  had  been  fired  by  contact 
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with  the  incandescent  fuel  and  exploded.  This  explanation  was 
never  quite  satisfactory  to  me.  An  explosion  which  began  in  the 
producer  could  only  reach  the  blower  throuajh  two  branches  of  a 
tee,  six  feet  of  vertical  pipe,  an  elbow,  twenty-five  feet  of  horizontal 
pipe  under  ground,  another  elbow,  six  or  eight  feet  of  vertical 
pipe,  another  elbow,  and  four  feet,  more  or  less,  of  pipe  con- 
nected with  the  outlet  of  the  blower.  Some  of  these  pipes 
were  light  and  some  heavy,  and  the  section  underground  was 
much  larger  then  the  section  at  either  end  of  the  run.  If  an 
explosion  violent  enougii  to  wreck  the  blower  completely  had  oc- 
curred through  the  whole  length  of  this  very  circuitous  pipe,  I 
should  have  expected  to  find  some  evidence  of  it  in  the  pipe  itself. 
It  was  intact.  Not  a  joint  was  started.  Furthermore,  as  the 
blower  had  been  running  at  least  four  minutes  immediately  before 
the  explosion,  what  could  have  remained  in  it  to  explode?  The 
fact  was,  however,  that  the  blower  was  shattered,  while  the  pipe  was 
undisturbed,  even  the  delivery-nozzle  of  the  blower  remaining 
coupled  to  the  length  of  pipe  on  the  mill-floor,  which  was  not 
thrown  out  of  line.  As  in  the  first  instance,  this  explosion  taught 
us  nothing. 

The  third  of  the  series  of  unexplained  accidents  consisted  of  two 
explosions  following  one  another  so  closely  and  under  conditions  so 
nearly  identical  that  they  may  be  considered  as  one  episode.  In 
the  purification  of  gas  we  use  purifying  boxes  of  the  usual  pattern. 
We  have  four  boxes  so  connected  by  the  center-seal  that  we  can 
throw  any  one  of  the  four  out  of  use  when  it  is  necessary  to  clean 
it.  The  gas  always  passes  through  three  boxes  before  reaching  the 
gasometer,  and  one  is  always  kept  ready  to  be  filled  with  fresh  iron 
and  brought  into  use  when  needed.  Wiien  the  g-as  shows  the 
presence  of  impurities  or  diluents  it  is  time  for  a  change.  To  make 
the  procedure  clear  let  us  suppose  the  boxes  to  be  numbered 
1,  2,  3  and  4,  and  the  gas  to  be  passing  through  1,  2  and  3  in  the 
order  stated.  No.  1  would,  of  course,  become  foul  first,  as  it  first 
receives  the  gas.  If  a  test  of  gas  which  has  passed  No.  3  shows 
that  it  is  not  completely  purified.  No.  1  is  cut  out  and  No.  4  brought 
into  use.  The  gas  would  then  go  through  Nos.  2,  3  and  4  in  the 
order  stated,  and  No.  1  would  be  emptied  and  refilled  in  readiness 
to  become  the  third  of  the  series  when  the  fouling  of  No.  2  made 
it  necessary  to  pass  the  gas  through  Nos.  3,  4  and  1.  In  reality, 
the  box  to  be  brought  into  use  is  not  refilled  until  it  is  needed,  but 
otherwise  the  procedure  is  as  I  have  described. 
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One  day,  the  superintendent  and  the  manager  had  occasion  to  go  into 
the  puriHer-honse  together,  and  while  there  the  sujjerintendent  tried 
the  gas.  Getting  a  reaction  indicating  the  presence  of  impurities, 
and  finding  tlie  fourth,  or  idle  box,  ready,  he  turned  the  center-seal, 
cutting  out  the  box  which  had  been  the  first  to  receive  the  gas,  and 
making  the  clean  box  the  last  of  the  series.  The  cap  of  the  outlet 
was  left  off  for  the  escape  of  the  air,  and  not  screwed  on  until  there 
was  a  strong  smell  of  gas,  indicating  that  the  air  had  been  expelled. 
The  same  thing  had  been  done  in  the  same  way  hundreds  of  times. 
In  two  or  three  minutes  the  third  box  exploded  with  great  violence. 
The  cover  was  wrenched  loose  from  the  four  clamps  holding  it 
down ;  carried  up  through  timbers  and  roof  and  dropped  again, 
badly  wrecked.  The  center-seal  was  canted  to  one  side,  allowing  a 
copious  escape  of  gas.  The  building  took  fire,  and  a  second  explosion 
in  the  basement  blew  out  about  half  the  foundations.  The  second 
explosion  was  easily  understood.  Fortunately,  fire-extinguishers 
and  hydraulic  jacks  saved  the  building,  and  except  the  need  of 
repairing  the  broken  box,  the  damage  was  slight.  T  at  once  began 
an  investigation,  which  has  lasted  ever  since.  The  explosion  was 
undoubtedly  due  to  the  ignition  of  a  mixture  of  gas  and  air  in  the 
box  ;  but  how  was  it  ignited?  The  gas,  before  reaching  the  box  in 
which  the  explosion  occurred,  had  passed  through  the  hydraulic 
main,  two  scrubbers,  more  than  500  feet  of  unjacketed  pipe,  and  two 
purifying  boxes,  each  containing  three  layers  of  wet  sesquioxide  of 
iron.  It  requires  a  violent  stretch  of  the  imagination  to  believe  that 
a  spark  could  travel  so  far  under  conditions  so  adverse.  The  pipe 
which  delivers  gas  to  the  boxes  is  rarely  quite  cold,  but  I  have  never 
found  it  more  than  warm.  The  tops  of  the  boxes  are  always  cold, 
and  the  gas  enters  the  gasometer  at  atmospheric  temperature.  While 
we  were  speculating  as  to  the  cause  of  this  accident,  and  congratula- 
ting ourselves  that  it  was  never  likely  to  happen  again,  another 
box,  the  third  of  the  series  in  use,  exploded  under  exactly  similar 
conditions.  A  detailed  account  of  one  explosion  describes  the  other 
perfectly. 

Matters  were  getting  serious.  No  one  had  been  hurt ;  but  it  was 
not  impossible  that  the  thing  would  happen  under  conditions  which 
could  not  fail  to  kill  somebody.  I  must  find  out  what  was  wrong 
and  correct  it.  So  I  called  in  all  the  experts  I  could  reach.  Some 
were  honest  enough,  after  looking  the  plant  over,  to  confess  that  they 
had  no  explanation  to  offer.  Others  gave  reasons  which  would  have 
been  satisfactory  had  they  not  been  at  variance  with  the  facts.     For 
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the  information  of  tiiose  who  may  be  disposed  to  speculate  as  to  why 
these  boxes  exploded,  I  may  say: 

1.  The  hydraulic  main  is  modelled  after  the  best  gas  works  prac- 
tice. 

2.  The  scrubbers  are  adequately  supplied  with  water. 

3.  The  iron  in  the  boxes  which  exploded  was  found,  on  analysis, 
to  contain  less  than  nine  per  cent  of  free  sulphur,  and  is  still  in 
use. 

4.  The  iron  was  adequately  revived  before  being  replaced,  and 
did  not  heat  in  the  boxes.  After  the  explosions  it  was  found  to  be 
cold. 

6.  The  iron  was  sufficiently  wet. 

6.  There  was  no  fire  in  the  purifier-house  and  "  no  smoking." 

Since  these  two  explosions,  which  occurred  in  April  last,  we  have 
had  no  trouble.  There  has  been  no  change  in  the  arrangement  of 
the  gas  plant,  for  we  can  discover  no  way  to  improve  it. 

It  would  have  been  a  great  satisfaction  to  have  been  able  in  these 
instances  to  follow  the  sage  advice  of  Hotspur,  and  out  of  the  nettle 
danger  pluck  the  flower  of  safety.  But  our  nettle  crop  does  not 
seem  to  be  of  the  flowering  variety.  If  I  had  investigated  less 
closely  I  might  have  reached  satisfactory  conclusions — perhaps  of  no 
more  value,  however,  than  the  honest  doubts  I  am  now  willing  to 
confess. 


NOTES  ON  GOAL-MINING  IN  OBEGON. 

BY  R.    HENRY  NORTON,    M.E.,    PORTLAND,    OREGON. 
(New  York  Meeting,  September,  1890.) 

The  State  of  Oregon,  although  admitted  into  the  Union  February 
14,  1859,  is  to-day,  so  far  as  any  practical  knowledge  of  its  mineral 
resources  is  concerned,  almost  terra  incognita,  as  compared  with  the 
other  Western  States  and  Territories. 

This  is  partly  to  be  accounted  for  by  the  class  of  emigrants  who 
first  settled  in  the  country  ;  they  seem  to  have  been,  as  they  still  are, 
a  pastoral  community,  to  whom  the  terms  "  mines"  and  "mining" 
are  synonymous  with  bankruptcy  and  disaster,  and  who  discourage 
all  attempts  to  develop  the  mineral  resources  of  the  State.  This 
statement  is  emphasized  by  the  fact  that  Oregon  has  no  State  Geolo- 
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gist,  while  her  sister  State,  Washino^ton  (admitted  into  the  Union 
only  last  year),  has  her  State  Geologist,  with  a  fully-equipped  office 
and  laboratory,  where  those  interested  in  raining  may  obtain  trust- 
worthy information.  The  only  official  information  concerning  Ore- 
gon is  derived  from  the  United  States  Geological  Reports  (to  which 
I  am  indebted  for  the  analysis  of  the  Coos  Bay  coal  given  in  this 
paper),  and  a  pamphlet  published  by  the  State  in  1888  on  the  "  Re- 
sources of  the  State  of  Oregon,"  which,  while  showing  careful  re- 
search and  making  conservative  statements  of  the  advantages  of  the 
State,  indicates  also  that,  in  the  minds  of  the  present  State  officials, 
raining  continues  to  occupy,  as  it  has  done  in  the  past,  a  secondary 
rank. 

One  quotation  will  suffice  to  prove  this.  There  are  thirty  coun- 
ties in  Oregon,  and  in  nineteen  of  them  outcrops  of  coal  have  been 
discovered,  yet  in  only  one  county  is  coal  mined  for  market,  and  the 
remaining  eighteen  are  dismissed  by  this  pamphlet  with  the  remark  : 
"  Coal  has  been  discovered  in  this  county,  but  capital  and  enterprise 
are  needed  to  develop  it." 

The  question  naturally  suggests  itself.  Why  should  the  mining 
industries  of  Washington  be  advancing  with  such  rapid  strides  ? 
For  the  year  ending  June  30,  1889,  the  output  of  coal  in  Oregon 
was  44,850  tons;  that  of  Washington  for  the  same  period  was 
918,344  tons,  more  than  twenty  times  as  much  ;  and  the  statistics  for 
the  current  year  will  undoubtedly  show  a  much  greater  difference. 
Yet  the  coal-fields  of  Oregon  are  not  less  extensive,  and  probably  of 
greater  intrinsic  value,  than  those  of  her  youthful  rival. 

The  writer  has  been  recently  engaged  in  the  examination  of  coal- 
lands  contiguous  to  the  proposed  route  of  the  Oregon  Pacific  rail- 
road, and  the  results  of  his  investigations  are  submitted  to  the  In- 
stitute, in  the  hope  that  others  may  be  led  to  continue  the  inquiry. 
Since  millions  of  tons  of  coal  are  imported  annually  into  San  Fran- 
cisco and  Portland,  at  high  cost  in  ocean-freights  and  duties,  a 
market  for  all  that  can  be  rained  at  home  is  evidently  assured. 
Good  bituminous  coal  readily  brings  $12  to  §14  per  ton,  and,  to  the 
writer's  knowledge,  has  been  sold  as  high  as  $20  per  ton ;  and  the 
average  price  of  Welsh  coke  is  $22  per  ton  at  these  ports.  The 
margin  of  profit  to  operators  and  the  commercial  benefit  to  the  State 
which  may  be  expected  from  the  development  of  the  Oregon  coal- 
fields can  be  readily  inferred. 

The  coals  of  Oregon,  like  those  of  Washington,  vary  from  the 
crudest  lignites,  retaining  their  woody  structure,  up  to  a  high  grade 
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of  bituminous  coal,  making  coke  of  excellent  quality.  Up  to  the 
present  time  no  anthracite  has  been  discovered  in  the  State. 

Commencing  at  the  Pacific  Coast,  the  writer  examined  first,  in 
accordance  with  instructions,  the  country  tributary  to  Yaquina  bay, 
the  western  terminus  of  the  Oregon  Pacific  railroad.  For  the  past 
fifteen  years  coal  has  been  known  to  exist  in  this  neighborhood,  and 
has  been  supposed  to  be  the  connecting  link  between  the  Nehalem 
coal-field  on  the  north  and  the  Siuslaw  and  Coos  Bay  fields  on  the 
south.  Yet,  although  large  sums  of  money  had  been  expended  in 
exploration  both  by  the  railroad  company  and  by  private  individuals, 
no  results  of  definite  value  had  been  reached.  The  railroad,  when 
completed  to  an  eastern  connection,  will  be  some  400  miles  long. 
At  present  150  miles  east  from  the  coast  are  in  operation.  The 
company  maintains,  in  addition,  a  line  of  steamers  between  Yaquina 
and  San  Francisco.  Hence  it  was  highly  important  to  determine 
whether  steam-coal  of  even  tolerable  quality  could  be  found  within 
easy  reach  of  the  coast.  The  coal  for  the  company's  steamers  is 
purchased  at  San  Francisco,  and  the  locomotives  all  burn  wood. 
Indeed,  incredible  as  it  may  appear,  all  the  locomotives  in  Oregon 
(except  those  on  the  Union  Pacific  railroad),  and  all  the  steamers  on 
the  rivers  in  Oregon,  numbering  several  hundreds,  are  wood-burners. 

After  three  months'  steady  search,  under  considerable  climatic 
difficulties  (it  being  the  rainy  season),  a  vein  of  excellent  coal  was 
uncovered  and  traced  for  nearly  two  miles  up-stream.  The  country, 
like  most  of  the  Oregon  and  Washington  coal-fields,  was  a  difficult 
one  to  prospect  in,  being  rough  and  broken,  with  a  dense  growth 
of  timber  on  the  hillsides,  and  a  deposit  in  the  valley  of  silt,  from 
50  to  200  feet  deep.  The  location  of  this  seam  of  coal  was  for 
weeks  a  puzzling  problem.  The  left  bank  of  the  stream  is  a  pre- 
cipitous bluff,  fully  1000  feet  high,  while  the  right  bank  does  not 
exceed  15  feet  in  height,  the  summit  of  the  latter  presenting  an  ac- 
clivity, gently  sloping  for  about  a  mile  and  a  half  to  the  foot  of 
the  mountains  on  the  other  side  of  the  valley.  Embedded  in  the 
right  bank  was  a  block  of  coal  weighing  two  tons  or  more,  an  ex- 
amination of  which  soon  revealed  the  fact  that  it  was  an  isolated 
mass,  and  the  question  was  :  Where  did  it  come  from  ?  It  was 
naturally  believed  to  have  fallen  from  the  high  cliff  on  the  opposite 
side  of  the  creek,  and  many  a  weary  climb  was  undertaken  in  search 
of  its  original  location.  As  it  had  been  intimated  that  this  was  the 
rock  upon  which  all  previous  engineers  and  experts  had  split,  and 
that  it  was  supposed  the  present  party  would  also  fail  in  solving  the 
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problem,  every  member  of  the  party  felt  that  it  was  incnrabent 
upon  him  to  find  that  coal  in  situ.  Finally  it  was  decided  that  the 
coal  must  be  on  the  right  bank,  and  by  sluicing  out  a  small  tributary 
to  the  main  creek  and  removing  several  thousand  cubic  yards  of 
the  superincumbent  alluvial  silt,  a  seam  of  excellent  coal  was  ex- 
posed nearly  four  feet  thick,  and  running  diagonally  across  the 
creek.  Unfortunately  the  financial  condition  of  the  railroad  com- 
pany did  not  permit  the  immediate  further  development  of  this 
seam  or  the  continued  search  for  others ;  and  the  primary  object  of 
the  expedition  having  been  achieved  by  the  solution  of  the  fuel- 
problem  both  for  railroad  and  steamboat  service,  the  party  was 
disbanded. 

The  following  is  a  section  of  the  coal  where  it  was  uncovered  : 

Coa], .8  inches. 

Black  shale, 2       " 

Coal, .,  .3  feet. 

Blue  clay, 5    " 

An  analysis  of  the  Yaquina  Bay  coal  will  be  found  in  the  table 
at  the  conclusion  of  this  paper. 

Samples  of  coal  from  (1)  the  Nehalem  valley;  (2)  from  a  point 
18  miles  south  of  Soio,  in  Linn  county;  and  (3)  from  the  head- 
waters of  the  Clackamas  river,  all  west  of  the  Cascade  range,  have 
been  submitted  for  the  writer's  examination  at  various  times.  Analy- 
ses are  not  at  hand,  but  judging  from  physical  characters,  these 
coals  are  closely  similar  to  those  of  Coos  Bay  and  Yaquina  Bay,  and 
have  in  all  probability  equal  commercial  value. 

In  May  last,  samples  of  coal  and  coke  were  shown  to  the  writer, 
which  were  much  superior  in  appearance  to  anything  he  had  previously 
seen  in  the  State.  An  examination  of  the  property  was  promptly 
made,  and  the  result  exceeded  all  expectations.  The  coal-field  in 
question  is  situated  on  the  John  Day  river,  east  of  the  Cascade 
mountains,  and  seems  to  be  confined  to  a  limited  area  (some  2000 
acres),  although  systematic  exploration  may  disclose  further  deposits. 
The  country  is  a  high  rolling  prairie,  frequently  broken  by  deep 
ravines.  Viewed  from  the  summit  of  the  coal-field,  it  has  the  ap- 
pearance of  a  vast  ocean,  bearing  away  to  soiith  and  west,  and  cov- 
ered for  hundreds  of  square  miles  with  deposits  of  glacial  drift, 
sometimes  aggregating  several  hundreds  of  feet  in  thickness.  This 
drift  covers  the  hills  to  their  very  summits,  thus  indicating  that  it 
has  been  deposited  since  the  upheaval  of  the  underlying  strata.  The 
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heavy  winter  rains  had  washed  tliis  drift  away  on  the  south  side  of 
the  claim,  and  exposed  the  npj)er  seam,  which  has  since  been  called 
the  "  discovery  seam."  Developments  on  this  seam  proved  it  to  be 
continuous  and  regular.  It  has  been  traced  for  more  than  a  mile 
along  the  hillside,  and  shows  a  uniform  thickness  of  about  20  feet, 
14  feet  of  which  is  excellent  coking  coal.  The  bed  has  a  uniform 
dip  of  about  18  degrees  to  the  southeast.  This  discovery  was  kept 
secret  by  the  locators  while  efforts  were  made  to  discover  other  seams 
— not  without  success.  About  half-way  down  the  mountain,  a  seam 
seven  feet  thick  was  discovered,  and  about  300  feet  from  the  base  of 
the  mountains,  another  seam,  11  feet  thick,  was  exposed.  At  the 
time  of  the  writer's  visit,  this  latter  seam  had  been  opened  by  a 
tunnel  about  60  feet  long,  to  supply  a  small  local  demand. 

The  exploitation  of  this  coal-field  will  undoubtedly  be  of  great 
benefit  to  the  manufacturing  industries  of  the  State.  It  lies  ab(}ut 
midway  between  the  Oregon  Railway  and  Navigation  Co.'s  railroad 
on  the  north  and  the  Oregon  Pacific  system  on  the  south,  being  about 
sixty  miles  from  each,  and  about  eighty-five  miles  west  of  Baker 
City,  a  circumstance  which  is  considered  as  assuring  the  success  of 
smelting  and  reduction-works  at  the  latter  place.  Several  lines  of 
railroad  are  already  projected  to  tap  this  coal-field. 

In  considering  the  analyses  given  below,  it  must  be  borne  in  mind 
that  they  are  all  from  outcrop-samples,  except  No.  7,  which  was 
taken  from  the  face  of  the  tunnel  about  60  feet  from  the  surface. 
While  on  the  ground,  the  writer  started  the  workmen  on  another 
tunnel,  which  will  tap  the  lower  seam  about  1000  feet  lower  on  the 
dip ;  and  it  is  reasonable  to  suppose  that  when  the  coal  is  reached 
by  this  tunnel,  a  still  more  favorable  analysis  will  be  obtained.  The 
coals  are  all  clean  and  bright,  and  remarkably  free  from  sulphur  and 
other  impurities.  Time  did  not  permit  an  extended  examination 
of  the  sand.stones  and  shales  ;  but  the  indications  are  that  the  coals 
are  of  Cretaceous  age. 

In  a  conversation  with  the  writer,  at  the  time  of  the  excursion  to 
drive  the  golden  spike  on  the  completion  of  the  Northern  Pacific 
Railroad,  Professor  Geikie,  of  the  Edinburgh  University,  admitted 
that  his  ideas  and  opinions  on  geological  questions  had  certainly 
been  expanded  by  his  visit  to  the  great  West.  A  remarkable  in- 
stance of  the  geological  anomalies  so  frequently  encountered  by 
the  mining  engineer,  in  this  western  country,  is  furnished  by  this 
coal-field,  in  the  entire  absence  of  fire-clay  with  the  upper  seams, 
while  on  top  of  the  lower  seam   is  a  layer  of  excellent  fire-clay, 
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nearly  a  foot  thick,  and  immediately  above  the  fire-clay  is  a  hard, 
compact  sandstone. 

The  following  table  gives  the  analyses  of  the  various  coals  men- 
tioned in  this  paper,  and  also,  for  comparison,  the  official  analysis 
of  the  Coos  Bay  coals : 


Analy 

ses  of  Oregon 

Coals. 

Locality. 

< 

OS 

D 
.£3 

"3 

o 

Coke. 

Analyst. 

Coos    Bay.      Upper 
Bench  

8.05 

6.18 
7.10 

7.20 

7.26 

5.76 

5.95 

6.18 

34.95 

32.40 
32.60 

51.00 

48.19 

50.67 

52.41 

87.71 

41.55 

44.15 
46.20 

37.20 

40.00 

36.80 

34.45 

2.53 

1  37 

15.45 

17  97 

None. 

None. 
None. 

Good. 

Good. 

Good. 

♦Excel'nt. 
t 

U.  S.  Geo.  Reports. 

U.  S.  Geo.  Reports. 
Private  assay. 

J.  H.  Fisk,  Portland, 
Oregon. 

Geo.  S.  Miller,  Oswe- 
go, Oregon. 

Made  at  Omaha,  Neb. 
Analyst's  signature 
illegible. 

Thomas  O.  Cairns, 
Portland,  Oregon. 

Thomas  0.  Cairns, 
Portland,  Oregon. 

Coos    Bay.       Lower 
Bench 

Yaqiiina  Bav 

1.07  1 3  03 

John  Day  River,  Dis- 
covery Seam 

John     Day     River, 
Lower  Vein 

.60 
.60 
.79 

.65 

4.00 
4.55 
6.77 

6.54 

6.11 

John      Day     River, 
Lower  Vein 

John      Day     River, 
Tunnel  Lower  Vein 

Coke     from     Lower 
Vein,     John     Day 
River 

SOME  ONTARIO  MAGNETITES. 

BY  T.  D.  LEDYARD,  TORONTO,  CANADA. 

(New  York  Meeting,  September,  1890.) 

Sir  William  Logan,  our  great  geologist,  predicted  that  Canada 
would  become  eventually  one  of  the  greatest  iron-producing  coun- 
tries of  the  world.  Although  possessed  of  numberless  deposits  of 
iron-ore,  we  have  not  yet  done  much  to  verify  this  prediction. 
Causes  can  be  found  for  our  backwardness,  the  principal  one  being 


*  Yield  of  coal  in  coke,  58.36  per  cent. 

t  The  coke  was  immersed    in  water  on  being  turned  out  of  the  crucible ;  hence 
the  excessive  moisture. 
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the  want  of  a  market.  A  glance  at  the  map  shows  that  the  small 
population  of  Canada  is  too  scattered  to  support  extensive  iron  manu- 
factures. Six  good-sized  iron-mines  would  supply  the  ore  necessary 
to  make  all  the  iron  and  steel  used  in  Canada,  even  if  we  used 
nothing  but  our  own  make  instead  of  importing  the  greater  portion, 
as  we  do  at  present.  And  distances  in  Canada  are  too  great  in  pro- 
portion to  the  small  consumption  to  encourage  home  manufactures 
on  a  large  scale. 

But  while  Canada  is  suffering  for  want  of  a  market,  many  parts 
of  the  United  States  would  be  benefited  by  the  free  admission  of 
Canadian  ores.  The  Eastern  States  could  get  cheap  ores  from  Quebec 
and  Nova  Scotia,  and  many  Pennsylvania  furnaces  could  obtain  Bes- 
semer ores  from  Ontario  at  much  lower  rates  than  they  are  now 
paying  for  imported  foreign  ores. 

Geology  of  the  Ontario  Iron-Districts. 

Dr.  Robert  Bell,  Assistant  Director  of  the  Geological  Survey  of 
Canada,  in  his  "Geology  of  Ontario,"*  says: 

"The  name  Huronian  (derived  from  Lake  Huron)  was  first  given  by  the  Geo- 
logical Survey  of  Canada  more  than  forty  years  ago,  and  has  been  adopted  by  geolo- 
gists in  other  countries  as  universally  as  tlie  term  Laurentian,  and  is  made  to  include 
all  the  rocks  lying  between  the  Laurentian  below  it  and  the  Cambrian  or  earliest 
fossiliferous  rocks  above.  Some  of  the  rocks  of  the  district  stretching  between  the 
counties  of  Lanark  and  Hastings  in  eastern  Ontario,  which  were  formerly  included 
in  the  Laurentian  series,  are  now  believed  by  some  to  belong  rather  to  the  Huronian. 
An  attempt  has  been  made  quite  lately,  among  some  American  geologists,  to  restrict 
the  name  Huronian  to  rocks  like  some  of  those  north  of  Lake  Huron,  although  Sir 
William  Logan  and  his  colleagues,  in  introducing  the  term  originally,  described  it 
as  applying  equally  to  the  dark  grayish  and  greenish  schists,  conglomerates,  dior- 
ites,  etc.  The  more  extended  investigations  which  have  since  been  made  in  Canada 
and  other  parts  of  the  world  have  confirmed  the  propriety  and  convenience  of  in- 
cluding under  this  name  all  the  rocks  which  had  been  originally  described  as 
Huronian. 

"The  Huronian,  as  above  defined,  is  the  great  metalliferous  system  of  Ontario, 
as  well  as  of  northern  Michigan  and  Minnesota,  and  hence  its  great  importance  in 
the  economic  geology  of  the  country.  The  whole  series  is  more  or  less  metallif- 
erous, but  the  various  ores  are  not  uniformly  distributed,  some  occurring  in  one 
region  or  in  some  special  stratuui,  while  others  may  prevail  in  another  section  of 
country  or  in  a  different  horizon  in  the  series.  Iron  appears  to  occur  most  fre- 
quently in  the  lower  or  schistose  portions  of  the  Huronian  system." 

Some  Magnetite-Deposits. 

This  paper  will  be  confined  to  a  short  description  of  certain  ores 
found  in  the  counties  of  Peterboro  and  Haliburton,  and  in  the  more 

*  Mineral  Resouixes  of  Ontario,  pages  17  to  22. 
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easterly  portions  of  the  Province  of  Ontario.  Those  which  will  be 
mentioned  are  probably  among  the  most  important,  yet  comprise 
only  a  few  of  the  ores  which  have  come  under  the  writer's  notice. 
Magnetites  only  will  be  here  taken  into  account,  although  hematites 
are  found  in  these  districts  in  deposits  of  considerable  importance 
and  sometimes  of  great  purity. 

Prof.  E.  J.  Chapman,  Ph.D.,  of  the  School  of  Science  and  Uni- 
versity College,  Toronto,  says : 

"This  area  of  Ontario  is  traversed  in  a  general  northeast  and  soutliwest  direction 
by  belts  of  elevated  rocky  land,  consisting  of  unstratified,  probably  eruptive,  syenites 
or  syenitic  granites  of  a  prevailing  red  color.  Between  these  belts  lie  nigged  tracts 
of  essentially  synclinal  structure,  occupied  in  ascending  order  by  strata  of  red  and 
gray  gneiss  and  by  some  crystalline  grapliitic  limestones,  succeeded  more  or  less 
irregularly  by  dark  green  amphibolic  and  pyroxenic  rocks,  with  which  the  iron-ores 
are  chiefly  associated." 

Tlie  Belmont  Iron- Mine. 

About  110  miles  east  of  Toronto,  6  miles  north  of  the  branch  of 
the  Canadian  Pacific  Railway,  between  Toronto  and  Montreal,  on 
Lot  19  in  1st  Concession  of  the  township  of  Belmont,  county  of 
Peterboro,  is  found  a  large  deposit  of  rich  magnetic  ore,  closely 
resembling  in  mode  of  occurrence  some  of  the  Lake  Superior  mines. 
Experts  estimate  that  this  ore-bed  contains  at  least  1,000,000  tons 
of  ore  within  100  feet  of  the  surface,  from  which  there  shoiild  be  no 
difficulty  in  producing  400  or  500  tons  a  day.*  The  ore  is  very 
high  in  metallic  iron,  and  by  no  means  refractory  in  the  blast-fur- 
nace. Samples  taken  from  the  pits  possess  a  fine  texture,  and  show 
but  small  traces  of  phosphorus  and  sulphur,  with  a  high  percentage 
of  iron,  constituting  an  almost  ideal  Bessemer  ore. 

The  stripping  is  so  light  that  the  ore  should  be  mined,  by  the  use 
of  compressed-air  drills,  at  a  cost  of  50  cents  per  ton,  being  so  free 
from  rock-matter  that  little  culling  will  be  required. |  No  trouble 
with  water  is  to  be  anticipated,  the  ground  possessing  a  natural 
drainage  to  the  west,  which  can  be  improved  and  utilized  at  slight 
expense. 

A  special  feature  of  this  deposit  is  its  proximity  to  the  surface, 
necessitating  but  little  expense  for  stripping,  as  mining  can  be  done 
in  pay  rock  almost  from  the  commencement.!  Some  hematite  is 
found  on  the  east  side  in  conjunction  with  soapstone. 

*  Prof.  Heys,  Report,  1885,  and  Prof.  C  Gordon  Richardson,  Report,  1890. 

t  Report  of  F.  D.  Taylor,  M.E.,  1886. 

X  Prof.  C.  Gordon  Richardson,  Report,  1890. 
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Prof.  Chapman  says  :  "  This  is  an  exceedingly  good  ore,  not  too 
dense  in  texture,  rich  in  metal,  quite  free  from  titanium  and  practi- 
cally free  from  phosphorus  and  sulphur,  and  is  well  adapted  for  the 
Bessemer  process." 

The  following  analyses  have  been  made,  the  first  being  from  sur- 
face samples. 


No. 

Metallic  Iron. 

Phosphorus. 

Sulphur. 

Silica. 

Manganese. 

1 
2 
3 
4 
5 
6 

64.26 
65.36 
66.29 
68.88 
68.85 
69.99 

Faint  trace. 
0.002 
0.024 
0.006 
0.008 
0.012 

0.04 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

4.5 

3.19 

3.18 

1.96 

3.10 

0.42 

No.  1  was  made  May,  1884,  by  Prof.  E.  J.  Chapman  ;  No.  2.  July,  1886,  by  W. 
F.  Briigman,  chemist  of  the  Scranton  Steel  Co.;  No.  3,  November,  1887,  by  the 
chemist  of  the  Joliet  Steel  Co. ;  No.  4,  same  date,  by  Prof.  Davenport  Fisher,  Mil- 
waukee; Nos.  5  and  6,  August,  1888,  by  the  chemist  of  the  Cambria  Iron  Co. 

Much  of  the  rock-matter  surrounding  this  ore-deposit  is  composed 
of  epidotic  diorite. 

The  Blairton  Iron-3Iines. 

Four  miles  south  of  the  Belmont  mine  are  the  Blairton  iron-mines, 
at  the  village  of  that  name,  on  Lot  8,  in  1st  Concession  of  Belmont, 
about  2  miles  from  the  Canadian  Pacific  railway. 

At  this  place,  originally  known  as  "  the  big  ore-bed,"  there  are 
large  deposits  of  magnetic  iron-ore,  averaging  probably  50  to  55  per 
cent,  metallic  iron,  and  low  in  phosphorus,  with  no  titanium.  Analy- 
ses have  shown  0.035  phosphorus. 

A  con.siderable  amount  of  ore  has  been  taken  out  of  the.se  mines, 
as  much  as  300  or  400  tons  daily  having  been  produced  here  at  one 
time.  A  large  and  deep  excavation  has  been  made,  150  feet  wide  by 
250  feet  long,  and  a  second  opening  160  feet  deep  lies  south  of  the 
first.* 

On  the  east  side  the  deposit  is  capped  with  Silurian  limestone, 
while  the  west  wall  is  a  jaspery  quartzite.     The  strike  is  west  of 


*  Eeport  of  the  Royal  Commission  on  the  "  Mineral  Resources  of  Ontario," 
1890,  p.  127. 
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north.  In  the  wall,  quartz  and  serpentine  predominate.  This  ore 
is  much  mixed  with  rock,  necessitating  a  good  deal  of  culling,  which 
renders  mining  expensive;  and  there  has  been  sulphur  in  some  parts 
of  the  deposit  from  the  beginning. 

This  is  one  of  the  many  iron-mines  in  Canada  which  cannot  be 
worked  at  a  profit  for  export  under  the  present  United  States  duty 
of  75  cents  per  ton.  If  there  were  no  duty  this  mine  would  doubt- 
less be  worked  ;  it  is  capable  of  producing  largely.  At  present  the 
only  use  that  can  be  made  of  such  ore  is  to  smelt  it  in  a  local  char- 
coal furnace,  there  being  plenty  of  hard-wood  in  the  neighborhood 
from  which  charcoal  can  be  cheaply  made,  and  limestone  for  flux 
not  being  far  distant. 

Central  Ontario  Railway  Mines. 

There  are  several  large  deposits  of  magnetic  ore  on  or  close  by 
the  Central  Ontario  railway  in  the  north  part  of  the  county  of 
Hastings.  Some  of  these  ores  are  of  Bessemer  quality  (after  roast- 
ing out  the  sulphur),  but  unfortunately  the  mines  are  now  lying 
idle,  owing  to  serious  dissensions  among  the  owners.  The  statement 
has  been  made  that  these  ores  are  worthless,  and  that  the  mines  are 
not  worked  on  account  of  the  sulphur  in  the  ore;  but  this  is  surely 
not  the  true  reason.  Nearly  800,000  tons  of  magnetic  iron-ore  are 
annually  taken  out  of  the  Cornwall  hills  in  Pennsylvania  and  used 
as  Bessemer  ore,  although  containing  an  average  of  2  per  cent,  sul- 
phur and  only  about  48  per  cent  metallic  iron ;  and  nearly  700,000 
tons  of  other  sulphurous  ores,  some  of  them  being  hard  magnetites 
from  the  States  of  New  York  and  New  Jersey  very  similar  to  Cen- 
tral Ontario  ores,  are  annually  used  in  the  United  States.  The  sul- 
j)liur  entails  an  additional  cost  in  I'oasting ;  but  where  other  inju- 
rious elements  are  absent,  a  sulphurous  ore,  after  being  properly 
roasted,  often  can  be  used  in  the  manufacture  of  Bessemer  iron. 

The  roasting  should  be  carefully  done  in  Davis-Colby  or  other 
suitable  roasters,  where  plenty  of  oxygen  is  supplied  during  the 
process.  The  ore  should  be  broken  up  fine  enough  and  plenty  of 
time  given  to  make  the  roasting  effectual.*  This  should  be  done 
where  fuel  is  cheap,  at  a  cost  not  exceeding  25  cents  per  ton.  The 
cheapness  of  mining  and  freight  would  much  more  than  counter- 
balance this  expense  on  some  Ontario  ores. 

Many  of  the  Central  Ontario  ores  could  be  conveniently  shipped 

*  See  Dr.  Valentine's  paper  of  October,  1889,  Trans.,  xviii.,  303. 
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to  furnaces  in  Pennsylvania  by  returning  American  coal-cars,  which 
bring  coal  into  Canada,  but  now  usually  return  empty. 

Snowdon  Iron  District. 

The  townships  of  Snowdon,  Galway  and  Glamorgan  in  the  county 
of  Haliburton,  about  40  miles  northeast  of  Lindsay,  contain  several 
valuable  deposits  of  iron -ore. 

Lots  25,  26  and  27  in  the  4th  Concession,  Snowdon,  on  the  south 
side  of  Burnt  river,  contain  several  outcrops  of  magnetite  extend- 
ing about  three-quarters  of  a  mile.  This  ore  is  on  high  ground 
overlooking  the  river  and  railway-track,  and  most  conveniently 
situated  for  mining  by  drifts  or  tunnels  run  into  the  hillside,  the 
mine-cars  running  by  gravity  to  the  shipping  platforms  or  pockets  at 
the  railroad. 

The  following  analyses  show  these  ores  to  be  very  low  in  phos- 
phorus : 


No. 

Metallic  Iron. 

Phosphorus. 

Sulphur. 

Silica. 

Titanium. 

1 
2 
3 
4 

61.48 
62. 
62.57 
63. 

0.01 
Trace. 

0.025 
Trace. 

0.16 
0.025 
Trace. 
0.025 

None. 
(1 

1.7 

3.1 

No.  1  was  made  by  Prof.  E.  J.  Chapman ;  Nos.  2,  3  and  4  by  chemists  of  differ- 
ent ironworks  in  Pittsburgh,  whose  names  are  not  in  ray  possession. 

Concerning  analysis  No.  1,  Dr.  Chapman  says  :  "A  fine-grained, 
magnetic  ore  from  the  Howland  mine.  Lot  26  in  4th  Concession, 
Snowdon.  The  ore  near  the  surface  is  very  pyritous,  but  becomes 
almost  free  from  pyrites  in  descending.  The  sample  was  taken  from 
a  depth  of  81  feet  from  the  surface.  A  second  shaft  has  been  sunk 
on  another  part  of  the  deposit  to  a  depth  of  about  30  feet.  The 
deposit  is  apparently  an  elongated  stock-formed  mass  of  large 
extent.     It  has  been  opened  over  a  length  of  about  80  feet." 

The  railway  passes  through  Lot  20  in  1st  Concession,  Snowdon, 
on  which  are  several  outcrops  of  magnetite,  one  of  them  crossing 
the  Monck  road,  where  it  was  first  discovered.  Prof.  Chapman  has 
analyzed  a  surface-sample  and  found  it  to  contain  metallic  iron, 
60.18;  phosphorus,  0.08;  sulphur,  0.04;  titanic  acid,  0.73.  He 
describes  it  as  a  black  magnetic,  fine  grained  ore,  somewhat  porous 
in  texture.     The  deposit  is  apparently  a  stock-formed  mass  of  large 
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size,  as  sliowu  by  recent  borings  and  excavations.  Another  analysis 
is  given,  showing  metallic  iron,  61.02;  phosphorus,  0.052;  and  still 
others  have  shown  metallic  iron  as  high  as  65  per  cent. 

This  district  is  about  200  miles  from  Buffalo,  N.  Y.,  to  which 
point  the  ores  could  be  delivered  very  cheaply  in  returning  coal-cars. 
Moreover,  these  deposits  are  not  much  more  than  100  miles  from 
Midland,  Ontario,  whence  ore  could  be  shipped  by  boat  to  Chicago 
in  returning  grain-vessels.  Limestone  suitable  for  flux  is  found  in 
close  proximity  to  the  ores,  and  there  is  abundance  of  hard-wood 
suitable  for  charcoal.  There  is  also  brown  hematite  in  the  neigh- 
borhood, yielding  45  to  48  per  cent,  metallic  iron  which  would  mix 
well  with  the  magnetic  ores  in  a  charcoal-furnace. 

The  Paxton  mine,  in  the  adjoining  township  of  Lutterworth,  has 
produced  several  hundred  tons  of  ore  yielding  55  to  60  per  cent, 
iron  with  no  titanium  and  traces  only  of  sulphur  and  phosphorus. 

Ores  from  different  parts  of  Gal  way  Township,  south  of  Snow- 
don,  have  given  the  following  analyses  : 


No. 

Metallic  Iron. 

Mang.  oxide. 

Phosphorus. 

Sulphur. 

Titanium. 

1 

2 
3 
4 

62.37 
62.60 
65. 
70.40 

Trace. 

1.27 

0.012 
0.008 
0.04 
Trace. 

Slight  trace. 

Slight  trace. 

0.02 

Trace. 

None. 
« 

Nos.  1  and  2  were  made  by  Prof.  Chapman  ;  Nos.  3  and  4  by  Prof.  Thos.  Heys, 
formerly  lecturer  on  chemistry  in  the  Toronto  School  of  Medicine. 

Various  Ore-Deposits. 

Professor  Chapman  has  also  made  the  following  analyses  of  mag- 
netites from  this  district  which  are  free  from  titanium,  viz. :  No.  1,* 
from  township  of  Glamorgan  :  a  black  crystalline,  highly  cleav- 
able  ore,  carrying  70.38  metallic  iron,  with  merely  traces  of  phos- 
phorus and  sulphur.  There  are  a  few  ore-exposures  and  needle- 
attractions  showing  a  strong  body  of  ore  extending  over  a  length  of 
about  400  feet  by  40  feet  in  width.  No.  2  is  an  ore  corresponding 
almost  exactly  in  its  cleavable  structure  and  composition  with  No. 
1,  although  it  comes  from  another  place  several  miles  distant. 
Samples  taken  from  a  small  trial-pit  show  70.5  per  cent  metallic 


*  These  five  analyses  are  numbered  in  Professor  Chapman's  list  9  to  13  inclusive. 


SOME   ONTARIO    MAGNETITES.  35 

iron  with  rock-matter  under  3  per  cent.,  but  tlie  ground  is  practi- 
cally undeveloped. 

No.  3  is  a  black,  fine  granular  ore  from  the  vicinity  of  Apsley 
village,  in  the  northern  part  of  the  township  of  Burleigh.  Metallic 
iron,  63.68  per  cent. ;  phosphorus,  a  trace  only;  and  sulphur,  0.03. 
The  intermixed  rock-matter  is  essentially  pyroxenic.  Ground  unde- 
veloped. 

No.  4  is  a  very  rich  magnetic  ore  from  the  township  of  Madoc, 
the  dried  ore  yielding  69.16  metallic  iron;  phosphorus,  0.04;  and 
sulphur,  0.03 ;  with  siliceous  i1:)ck-matter,  3.32. 

No.  5  is  a  magnetic  ore  mixed  with  specks  of  actinolite  from 
Madoc  township.  The  sample  contained  nearly  1  per  cent,  pyrites 
and  yielded  iron,  60.32;  phosphorus  a  trace;  and  sulphur,  0.52. 
Another  sample  from  the  same  property  gave  iron,  62.54;  phos- 
phorus, 0.03  ;  and  sulphur,  0.38. 

Kingston  and  Pembroks  District. 
The  following  analyses  (page  36)  have  been  made  of  magnetic  ores 
from  the  country  tributary  to  the  Kingston  and  Pembroke  railway. 

Titaniforous  Ores. 

In  Minden,  the  township  lying  north  of  Snowdon,  there  are  large 
quantities  of  magnetic  ores  containing  a  considerable  amount  of 
titanium.  A  black,  granular,  strongly  magnetic  ore  from  near 
Lake  Kushog  showed  by  Dr.  Chapman's  analysis*  the  following 
results :  Metallic  iron,  51.56  ;  titanium,  15.64  ;  sulphur,  0.17  ;  phos- 
phoric acid,  trace;  siliceous  rock-matter,  4.08. 

Similar  ore  is  found  on  several  adjoining  lots,  and  there  appears 
to  be  a  good  deal  of  titaniferous  ore  in  this  and  neighboring  town- 
ships. 

There  is  an  enormous  deposit  of  black,  strongly  magnetic  ore  in 
the  township  of  Glamorgan,  about  half  a  mile  south  of  Burnt  river. 
The  deposit  rises  abruptly  in  the  form  of  a  succession  of  ledges  to  a 
height  of  from  80  to  100  feet  above  the  general  level  of  the  ground, 
and  is  exposed  in  an  easterly  and  westerly  direction  for  at  least 
1800  feet,  with  an  average  width  of  140  feet.  The  analyzed  sample 
contained  52.04  metallic  iron;  8.11  titanium;  0.005  phosphorus ; 
and  0.06  sulphur. 

Another  deposit  of  similar  ore  has  been  found  some  distance  from 
the  one  just  described.     This  ore  carries  from  8  to  10  per  cent,  titanic 

*  All  the  analyses  of  titaniferous  ores  here  given  were  made  by  Prof.  Chapman. 
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acid,  which  appears  to  be  persisteot  throughout  the  whole  ore-bed, 
the  yield  of  metallic  iron  being  nearly  60  per  cent.;  phosphorus 
0.007  ;  and  sulphur  0.08. 

It  may  be  remarked  that  titaniferous  ores  in  these  districts  are 
generally  very  low  in  phosphorus,  and  if  some  treatment  could  be 
found  whereby  the  injurious  effects  of  the  titanium  could  be  got  rid 
of  they  might  be  used  in  making  steel. 

Dr.  Chapman  remarks  that  "  the  presence  of  these  titaniferous  ores 
in  close  proximity  to  deposits  in  which  no  trace  of  titanium  can  be 
detected,  is  a  fact  of  much  interest  hitherto  apparently  unrecognized 
in  the  iron-districts  of  Europe." 


No. 

Metallic  Iron. 

Phosphorus 

Sulphur. 

Silica. 

Titanium. 

1 

2 

65.33 
66. 

0.017 
Trace. 

1 

None. 

Trace. 

2.14 

3 

62. 

0.006 

Trace. 

4.12 

4 
5 

60. 
52. 

0.009 
0.055 

6.31 
6.53 

0.10 

6 

65.07 

0.07 

0.05 

6.66 

7 

66.34 

0.14 

Trace. 

1.04 

Trace. 

No.  1  was  made,  June,  1883,  by  Ledonx  and  Ricketts;  Nos.  2,  3.  4  and  5  by  a 
chemist  employed  by  the  Kingston  and  Pembroke  Iron  and  Mining  Co.;  No.  6, 
November,  1871,  by  J,  Blodgett  Britton  ;  No.  7  by  a  chemist  unknown  to  me.  This 
analysis,  with  Nos.  2,  3,  4  and  5,  was  published  by  the  Minister  of  Agriculture  in 
connection  with  the  mineral  exhibit  of  Ontario  at  the  Cincinnati  Exhibition  of  1888. 


The  writer  feels  warranted  in  protesting  against  the  habit,  which 
has  prevailed  in  some  quarters,  of  characterizing  all  Canadian  ores 
as  titaniferous.  Nothing  could  be  more  unfair.  Canada  is  a  country 
of  great  extent,  and  it  is  just  as  absurd  to  class  all  Canadian  ores  as 
titaniferous  because  those  objectionable  ores  are  found  in  some  places, 
as  it  would  be  to  condemn  Lake  Superior  ores  because  titanium  is 
found  in  some  parts  of  northern  Minnesota.  Ontario  contains,  as 
I  have  shown,  many  ores  perfectly  free  from  titanium,  although  there 
are  certain  ranges  or  belts  of  territory  in  which  titanium  prevails  to  a 
considerable  degree. 

Many  of  the  magnetite  deposits  in  eastern  Ontario  are  rich  in 
iron,  and  carry,  too,  very  low  percentages  of  phosphorus  and  sul- 
phur with  no  titanium  at  all.     Others  are  high  in  sulphur  but  still 
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free  from  other  impurities,  so  that  they  require  roasting  only,  in 
order  to  make  them  available  as  exceedingly  pure  60  per  cent.  ores. 
Finally,  the  rates  of  wages  in  these  districts  generally  range  from 
$1.00  per  day  for  laborers  to  $1.25  for  miners;  and,  as  has  been 
observed,  the  commercial  conditions  of  transportation  are  exceed- 
ingly favorable.  Nothing  seems  to  be  lacking  but  access  to  the 
market  of  the  United  States. 


THE  WALKER  ANTI-VIBRATION  REGULATING  SHUTTER 
OR  SLIDE  FOR  GUIBAL  AND  OTHER  ENCLOSED  FANS. 

BY   EDWIN   R.    WALKER,    MEM.    INST.    MIN.    AND    MECH.    ENGR'S    OF 
SOUTH   WALES,   PAGEFIELD   IRON  WORKS,    WIGAN,   ENGLAND. 

(New  York  Meeting,  September,  1890.) 

The  old  adage,  "  Necessity  is  the  mother  of  invention,"  is  fully 
borne  out  in  the  case  of  the  device  described  in  this  paper.  About 
four  years  ago  the  firm  of  the  writer  received  instructions  from  Sir 
John  Hawkshaw,  C.  E.,  and  I.  Wolf  Barry,  Esq.,  C.  E.,  to  construct 
and  erect  three  large  Guibal  fans  for  ventilating  a  portion  of  the 
Metropolitan  and  District  Underground  Railway,  of  London.  On 
account  of  the  cost  of  coal  and  the  very  limited  space  for  boilers,  it 
was  arranged  that  the  fans  should  be  driven  by  gas-engines. 

Those  who  have  had  experience  with  Guibal  fans  will  be  aware 
thkt  as  each  blade  or  vane  passes  the  lower  edge  of  the  shutter  a. 
pulsatory  action  takes  place.  When  the  fans  above  mentioned  were 
set  to  work,  the  pulsation  or  vibration  of  the  immense  volumes  of  air 
discharged  was  so  great  that  it  caused  a  corresponding  vibration  of 
the  window-sashes,  doors,  etc.,  of  the  surrounding  buildings;  and 
this  was  so  unpleasant  that  the  shopkeepers  and  others  near  obtained 
an  injunction  against  the  railroad  company,  compelling  it  to  stop  one 
of  the  fans.  The  work  was  by  this  time  out  of  our  hands-,  and  we 
only  casually  heard  what  had  taken  })lace,  learning  also  that,  in 
addition  to  this  injunction,  another  was  threatened  in  the  case  of  the 
second  fan,  and  that  the  railroad  company  had  thus  far  escaped  the 
enforcement  of  this  threat  by  agreeing  to  run  the  second  fan  at  a  few 
short  stated  intervals  only  during  each  day. 

In  considering  the  case,  it  occurred  to  us  to  incline  the  lower  edge 
of  the  shutter,  instead  of  making  it  parallel  with  the  axis  of  the  fan, 
by  which  means  we  thought  that  the  waves  of  air  might  be  broken 
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up,  or  at  least  reduced.     It  was,  however,  ultimately  decided    to 
make  the  shutter  like  an  inverted  M — thus :    ^. 

HaviusT  a  small  working-model  of  a  Guibal  fan  46  feet  in  diameter 
— made  to  a  scale  of  ^  inch  to  1  foot,  and  running  at  about  500  revolu- 
tions per  minute,  we  attached  the  shutter  to  it,  and  were  gratified  to 
find  that,  whereas  with  an  ordinary  Guibal  shutter  the  vibration  could 
be  heard  about  a  hundred  yards  away,  with  the  new  shutter  vibration 
had  ceased,  and  only  the  sound  of  the  rushing  air  could  be  heard 
even  l)y  a  person  standing  quite  close  to  the  fan. 

By  way  of  parenthesis  I  may  add  that  subsequently  we  made 
further  experiments  with  the  fan,  and  had  boxes  and  pipes,  repre- 
senting the  roads  of  a  mine,  attached  to  it.  From  previous  experi- 
ence we  had  found  that  in  the  Guibal  fans  the  air  was  thrown  vio- 
lently against  the  outer  walls  of  the  evas^e  or  chimney,  but  that  at 
the  inner  wall  there  was  a  distinct  downward  suction.  To  test  the 
action  of  the  new  shutter  as  to  this,  we  held  slates  smeared  with  a 
colorless  mucilage,  a  few  inches  above  the  chimney,  and  inserted  white 
flour  into  the  aforesaid  boxes.  The  flour  was  drawn  through  the  fan, 
discharged  against  the  slate,  and  was  found  to  be  evenly  distributed 
over  the  mucilage — the  downward  suction  had  disappeared.  But 
when  the  Guibal  shutter  was  attached,  the  main  body  of  the  flour 
was  found  sticking  to  that  part  of  the  slate  held  directly  over  the 
outer  edge  of  the  chimney. 

No  time  was  lost  in  attaching  suitable  shutters  to  the  London  fans, 
and  the  results  were  in  every  way  successful ;  the  fans  being  then 
able  to  run  regularly  15  to  18  hours  per  day,  to  the  entire  satisfifc- 
tion  of  both  the  railway  company  and  the  surrounding  neighborhood. 

It  was  only  necessary  to  make  known  this  invention  to  the  many 
colliery  companies  using  Guibal  fans,  in  order  to  receive  orders  for 
the  shutters;  and  in  about  two  years  the  majority  of  the  Guibal  fans 
in  Great  Britain  were  provided  with  them.  At  the  present  time 
there  are  in  use  upwards  of  120  Guibal  and  Walker  fans,  varying  in 
size  from  15  to  50  feet  in  diameter,  in  addition  to  a  considerable 
number  of  smaller  fans,  such  as  are  used  for  smelting-fires,  etc.,  to 
which  this  shutter  is  attached. 

The  whole  plan  of  ventilation,  as  well  as  the  construction  and 
erection  of  the  four  fans  (two  of  40  and  two  of  30  feet  in  diameter, 
with  their  engines)  for  the  railway  tunnel  under  the  River  xMersey, 
connecting  the  important  cities  of  Liverpool  and  Birkoniiead,  was 
carried  out  by  our  firm.  These  fans  are  likewise  provided  with  the 
Walker  shutter. 
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Mr.  Francis  Fox,  C.  E.,  who  was  largely  concerned  with  the  de- 
signing and  execiition  of  the  works,  says  in  a  paper  read  before  the 
Institute  of  Civil  Engineers: 

"The  fans  were  somewhat  similar  to  the  well-known  Guibal  fans, 
excepting  that  in  the  shutters,  to  which  Mr.  Guibal  attached  the  chief 
vahie  of  his  patent,  an  important  alteration  has  been  made." 

The  effect  of  the  alteration  he  thus  describes : 

"The  action  of  this  patent  regulating  shutter  has  an  important 
bearing  upon  the  ventilating-fans  in  their  consequently  increased 
durability  and  efficiency.  In  towns  like  Liverpool  and  Birkenhead 
any  pulsatory  action  would  be  readily  felt  by  the  inhabitants.  It  is 
difficult  to  detect  any  sound  whatever  when  standing  close  to  the 
buildings  containing  the  fans." 

The  fan  (40  feet  in  diameter)  and  engines  for  ventilating  the  tunnel 
of  the  Great  \yestern  Railway  Company,  under  the  River  Severn, 
which  is  probably  the  longest  sub-aqueous  tunnel  in  the  world — its 
length  being  about  4 J  miles — were  erected  by  our  firm  under  in- 
structions from  Sir  John  Hawkshaw,  C.  E.,  who  has  expressed  his 
approval  therewith.  This  fan  is  also  provided  with  our  regulating 
shutter,  and  is  exhausting  about  500,000  cubic  feet  of  air  per 
minute. 

Having  thus  explained  the  history  of  the  invention  and  its  utility 
in  removing  vibrations  and  consequent  noise  (for  without  it,  pulsa- 
tion of  the  blades  can  be  heard  at  a  considerable  distance  from  the 
fans),  I  now  come  to  a  still  more  important  advantage  to  be  gained  by 
its  application.  As  most  persons  who  have  had  Guibal  fans  in  opera- 
tion for  a  considerable  number  of  years  will  be  aware,  fan-shafts, 
even  though  made  unusually  strong  in  proportion  to  the  horse-power 
transmitted  through  them,  frequently  break.  About  four  years  ago 
the  writer  learned  in  Belgium,  the  birthplace  of  the  Guibal  fan,  that 
the  average  life  of  the  shafts  was  from  12  to  15  years.  The  breakage 
of  fan-shafts  and  the  loosening  of  bolts  and  rivets  in  fans  generally 
are  to  be  attributed  to  the  excessive  vibration  hitherto  inseparable 
from  their  operation.  This  vibration  is  caused  by  the  too  abrupt  ces- 
sation of  the  delivery  of  the  air  from  the  fan-blades  or  vanes,  as  they 
pass  the  opening  to  the  chimney;  and  for  this  the  shape  of  the  regu- 
lating shutter  or  slide  is  responsible.  The  upper  part  of  the  opening 
formed  by  the  lower  edge  of  the  shutter  or  casing,  as  hitherto  con- 
structed, is  parallel  to  the  tips  or  edges  of  vanes,  and  as  there  is  but 
little  clearance  or  space  between  the  shutter  and  the  blades  when 
their  edges  approach  and  concur,  the  delivery  of  the  air  is  abruptly 
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terminated.  Wlille  discharging,  the  air  presses  against  the  front  or 
face  of  the  blade,  but  the  instant  tlie  edge  of  the  blades  passes  the 
edge  of  the  shutter,  not  only  is  the  weight  of  the  air  suddenly  re- 
moved, but  there  is  also  a  partial  vacuum  formed  above  this  point, 
so  that  the  blade  bounds  or  jerks  forward. 

Some  time  ago  the  writer  took  readings  from  a  water-gauge  which 
he  attached  to  a  wrought-iron  fan-casing  at  intervals  from  the  center 
to  the  periphery,  above  the  shaft.  At  the  center  the  water-gauge 
indicated  3  inches ;  but  near  the  outer  edge  or  periphery  it  was  ^ 
inch.  The  fan  was  24  feet  in  diameter,  and  ran  at  80  revolutions 
per  minute.  It  had  eight  blades,  each  about  8  feet  square,  or  G4 
square  feet  in  area.  Taking  the  average  water-gauge  over  the  sur- 
face of  blades  as  1^  inches,  it  would  represent  a  pressure  of  7.8 
pounds  per  square  foot,  or  a  total  pressure  on  each  blade  of  499.2, 
say,  500  pounds.  Assuming  the  center  of  the  blade  to  be  the  center 
of  the  load,  the  distance  from  center  of  load  to  center  of  crank-shaft 
would  be,  approximately,  9  feet.  One  can  readily  understand  that 
a  dangerous  strain  is  put  upon  the  whole  structure  by  the  removal 
of  such  a  weight  alone,  every  time  one  of  the  blades  passes  the 
shutter.  But  to  emphasize  this  more  fully,  let  us  take  the  work  of 
one  day  of  24  hours,  the  fan  running  throughout  at  80  revolutions 
per  minute.  Eight  blades  x  80  revolutions  x  60  minutes  x  24 
hours  =r  921,61/0.  This  product,  therefore,  represents  the  number 
of  times  in  a  single  day  that  a  weight  of  at  least  500  pounds,  is,  as 
it  wei'e,  instantaneously  removed  from  the  blades,  and  the  shock  or 
strain  resulting  from  the  removal,  is  communicated  to  the  shaft. 
There  is,  however,  not  only  what  we  may  term  the  ])rimary  shock, 
but  there  must  necessarily  be,  at  least,  one  recoil  of  the  arras  and 
blades.  This  shock  or  vibration  is  transmitted  through  the  whole 
of  the  fan,  and  as  each  vane  represents  such  a  powerful  lever,  the 
momentum  of  the  blow  or  jerk  becomes  serious  on  reaching  the 
shaft,  a  dangerous  tremor  being  set  up,  which,  sooner  or  later, 
destroys  the  fiber  of  the  metal.  The  consequent  injury  to  the  gen- 
eral structure  of  the  fan  also  is  obvious. 

The  Walker  regulating-shutter  removes  this  evil  by  effecting  a 
perfectly  gradual  change  in  the  pressure  referred  to,  and  so  govern- 
ing the  discharge  of  air  as  to  cause  it  to  pass,  without  objectionable 
eddying,  in  a  continuous,  instead  of  intermittent,  stream  from  the 
fan-blades  into  the  chimney,  without  the  pulsatory  action  described. 
The  working  of  the  fan  is  thus  rendered  noiseless,  and  there  is  an 
entire  freedom  from  vibration.     Noise  and  vibration  are  the  evidence 
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of  mischief.  In  machinery,  they  may  be  regarded  as  synonymous 
terms. 

So  effective  is  this  shutter,  that  even  with  the  largest-sized  fans, 
say,  those  of  46  or  50  feet  in  diameter,  hardly  the  faintest  beat  can 
be  heard,  when  running  at  from  50  to  60  revolutions  per  minute. 

The  invention  of  the  shutter  has  enabled  us  to  design  fans  of 
smaller  dimensions  than  would  be  required  for  Guibal  fans,  to  per- 
form the  same  amount  of  work,  and  we  now  construct  fans,  20  or  24 
feet  in  diameter,  driven  on  second  motion,  to  meet  requirements  for 
which  formerly  we  should  have  made  Guibal  fans,  40  or  46  feet  in 
diameter.  , 

It  is  generally  considered  that  the  best  test  of  the  efficiency  of  a 
fan  is  the  water-gauge  reading  which  can  be  obtained  by  a  given 
periphery  velocity.  In  this  respect,  we  have  obtained  with  large 
fans  results  equal  to  those  given  by  the  Guibal  fans,  and  far  exceed- 
ing any  data  we  have  been  able  to  ascertain  or  have  seen  published 
concerning  any  other  known  fans. 

As  previously  explained,  the  cutting  edge  of  the  shutter  is  changed 
from  the  horizontal  to  an  elongated,  inverted  V  or  M.  The  in- 
vention, however,  as  described  in  our  patent,  does  not  confine  itself 
to  this  shape,  but  includes  other  forms  which  permit  the  gradual 
discharge  of  the  air  from  the  fan-vanes  into  the  chimney.  As  the 
shutters  are  of  wrought-iron  or  steel  plates,  made  very  strong  and 
stiffened  where  necessary  with  angle-  and  tee-irons,  they  are  prac- 
tically indestructible.  They  can  also  be  adjusted  in  position,  to  suit 
the  varying  circumstances  of  each  ventilator.  The  shutters  can 
be  very  easily  adapted  to  all  closed  fans,  and  can  be  erected  in  situ 
by  the  ordinary  colliery  engine-wright. 

In  every  case  where  the  shutter  has  been  applied,  it  has  given 
very  satisfactory  results,  not  so  much  perhaps  in  increased  ventilating- 
power  for  the  same  velocity,  as  in  the  greater  smoothness  of  work- 
ing and  in  reduction  of  repairs  to  the  fan  and  casing.  We  do,  how- 
ever, obtain  the  very  important  advantage,  that  the  fans  can  be  run 
safely  at  much  higher  velocities,  and  consequently  with  a  propor- 
tionate increase  of  exhausting-capacity. 

We  have  concluded  arrangements  for  the  employment  of  our 
patent  shutter  with  the  Lehigh  Valley  Coal  Company,  Wilkesbarre, 
Pa.,  Eckley  B.  Coxe,  Esq.,  of  Drifton,  Pa.,  and  the  Philadelphia 
and  Reading  Coal  and  Iron  Company,  Pottsville,  Pa. 

In  conclusion,  I  may  add  that,  at  the  International  and  Colonial 
Mining,  Engineering  and  Industrial  Exhibition  at  Newcastle-on- 
Tyne,  England,  in  1887 — probably  the  most  important  of  its  kind 
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ever  held — out  of  several  hundred  exhibits  in  the  Mining  and  Col- 
liery Macliinery  section,  the  only  gold  medal  awarded  was  given  to 
us  for  this  invention.  In  view  of  the  circumstance  that  the  majority 
of  the  members  of  the  Council  were  more  or  less  connected  with 
raining  interests,  greater  weight  is  added  to  their  decision. 


A  SUSPENDED  FEED-TABLE  FOB  BOLLING-MILLS. 

BY  JAMES  MORGAN,    PITTSBURGH,    PA. 

(New  York  Meeting,  September,  1890.) 

The  convenience  of  mechanical  arrangements  for  handling  ingots, 
blooms,  billets,  bars,  beams,  etc.,  and  feeding  them  to  the  rolls,  is 
so  universally  recognized  as  to  require  no  demonstration. 

In  the  rolling  of  heavy  beams,  such  as  are  now  coming  into 
general  use,  such  arrangements  are  practically  essential,  by  reason 
of  the  difficulty  and  expense  of  the  manual  handling  of  the  large 
masses  of  metal  treated.  I  submit  herewith  the  drawings  of  a  roll- 
ing-mill feed-table,  designed  and  patented  by  myself,  which  I  think 
will  be  found  simple  in  construction  and  operation,  not  likely  to  get 
out  of  order,  and  efficient  in  performing  the  work  for  which  it  is 
intended. 

Fig.  1  is  a  sectional  plan,  taken  on  the  line  I  I  of  Figs.  2  and  3. 
Fig.  2  is  a  vertical  longitudinal  section  on  the  line  II  II  of  Figs.  1 
and  3.  Fig.  3  is  a  vertical  cross-section  on  line  III  III  of  Figs. 
1  and  2. 

As  the  details  of  the  drawings  are  numbered  throughout,  and  the 
same  number  always  indicates  the  same  part,  I  cannot  more  clearly 
describe  the  mechanism  than  by  giving  the  following  key  to  these 
numbers : 

Nos.  2  and  3  are  the  sets  of  rolls  (here  shown  as  three-high  rolls, 
though  that  is  not  absolutely  necessary). 

Nos.  4,  4  are  the  two  feed-tables,  one  on  each  side  of  the  rolls. 
The  side  frames  of  the  tables  are  made  of  parallel  channel-bars. 

Nos.  5,  5  are  the  feed-rollers,  journaled  between  the  channel-bars 
and  provided  at  their  ends  with  beveled  gear-wheels,  6,  6,  which 
mesh  with  beveled  pinions,  7,  7,  on  shafts,  8,  8,  wliich  latter  are 
driven  by  elevated  power-connections,  to  be  mentione<l  jiresently. 

The  tracks,  9,  9,  on  which  the  supporting-carriages  are  mounte<l. 
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are  upheld  by  elevated  supports  in  the  building,  as  shown  in  Figs. 
2  and  3,  and  extend  transversely  to  the  line  of  the  feed-tables. 
They  consist  of  parallel  flanged  beams,  separated  so  as  to  permit  the 
passage  between  them  of  the  suspending  mechanism  of  the  feed- 
tables,  but  connected  firmly  at  intervals  by  strong  yokes,  10,  10,  the 
ends  of  which  underlie  and  support  the  tracks,  while  the  middle 
portions  are  arched  high  enough  to  permit  the  passage  of  the  trolleys 
or  carriages.  These  yokes  are  connected  by  links,  11,  11,  with  the 
bell-crank  levers,  12,  12,  which  serve  to  lift  them. 

Fig.  3  shows  the  yokes  suspended  from  the  bell-crank  levers,  the 
latter  being  fixed  to  cross-shafts  17,  17,  resting  with  their  journals  in 
pillow-blocks  13,  13,  on  the  beams,  14,  14,  which  extend  above  the 
track  and  parallel  therewith,  and  are  suitably  supported  by  the  up- 
rights of  the  building-frame. 

All  the  supporting-levers  on  each  of  the  beams,  14,  are  connected 
by  means  of  connecting-rods,  15,  and  each  is  provided  with  a  counter- 
weight, 16,  which  opposes  the  weight  of  the  supported  feed-tables 
and  partially  balances  the  same.  One  or  more  of  the  cross-shafts, 
17,  extends  across  all  of  the  beams,  14,  and  forms  a  common  axis  or 
torsion-shaft  for  the  laterally-adjacent  bell-crank  levers,  12,  so  as  to 
connect  operatively  the  whole  system  of  levers  and  to  cause  them  all 
to  respond  to  the  motion  of  any  one.  One  of  the  end  levers  of  the 
set  is  connected  with  the  plunger  of  a  hydraulic  motor,  18,  by  a 
flexible  connection,  19,  a  quadrant-lever,  48,  and  a  connecting-rod, 
49.  The  motor  thus  serves  to  actuate  all  the  levers,  as  will  be 
readily  understood,  so  that,  by  the  movement  of  the  plunger  up  or 
down,  all  the  tracks  may  be  simultaneously  and  uniformly  elevated 
or  lowered. 

Each  of  the  tracks  is  provided  with  a  trolley  or  carriage,  20, 
mounted  on  wheels,  21,  on  the  track  directly  above  the  feed-tables, 
and  each  carriage  is  connected  to  the  feed-table  by  means  of  a  frame, 
23,  composed  of  strong  upright  bars  attached  to  tlie  carriage  at  the 
upper  end  and  provided  at  the  lower  end  with  a  stirrup  or  hanger, 
22,  on  which  the  side  rails  of  the  feed-table  are  fixed.  The  stirrups, 
22,  are  cast-iron  frames  open  at  the  side  to  permit  removal  of  the 
metal  from  the  feed-table.  On  one  of  the  frames,  23,  of  each  of  the 
feed-tables  is  journaled  an  upright  rotary-shaft,  24,  provided  at  its 
lower  end  with  a  bevel-pinion  gearing  with  a  corresponding  bevel 
gear-wheel  on  the  shaft,  8,  and  at  its  upper  end,  at  the  level  of  the 
carriage,  provided  with  a  gear-wheel  meshing  with  a  pinion  on  a 
sprocket-wheel  shaft,  25,  which  is  journaled  in  the  frame  of  the  car- 
riage.    Obviously  this  sprocket-wheel  shaft  is  constantly  in  gear 
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with  tlie  driving-shaft  of  the  feed-rollers,  whatever  be  the  position 
of  the  feed-table  and  carriage. 

The  sprocket-wheel  shaft  is  driven  by  means  of  endless  sprocket- 
chains,  26,  which  pass  around  sprocket-wheels,  27,  on  a  driven 
counter-shaft,  28,  around  sprocket-wheels,  29,  at  the  other  end  of  the 
track,  and  in  contact  with  sprocket-wheels,  30,  on  the  shaft,  25,  and 
with  idler  wheels,  31,  on  the  carriage.  This  arrangement  is  such 
that  the  carriages  may  be  moved  along  the  track  without  disengag- 
ing the  sprocket-wheels,  30,  from  the  chains,  and  that  in  every  posi- 
tion of  the  carriage  the  motion  of  the  chains  will  rotate  the  shaft,  24, 
and  through  it  the  rollers  of  the  feed-table.  The  counter-shaft,  28, 
is  adapted  to  be  driven  in  either  direction  by  means  of  power-con- 
nections between  it  and  a  shaft,  32,  which  is  connected,  through 
suitable  power-connections  and  an  intermediate  shaft,  33,  with  the 
driving-shaft  of  an  engine,  34. 

The  power-connections  between  the  shafts,  28  and  32,  consist  of  two 
belts,  35  and  36,  one  of  which  is  crossed,  and  the  belt-pulleys  on 
the  shaft,  28,  are  provided  with  clutches,  37,  operated  by  a  lever,  38, 
by  which  either  pulley  may  be  put  into  gear  with  the  shaft.  These 
pulleys  effect  the  driving  of  the  shaft  in  opposite  directions,  and 
thus  enable  the  feed-rollers  of  each  table  to  which  the  shaft  is  in- 
directly connected  to  be  driven  in  either  direction. 

Each  of  the  carriages  is  moved  backward  and  forward  on  its  track 
by  means  of  chains,  39,  which  pass  around  sprocket-wheels,  40,  on  a 
shaft,  41,  and  around  sprocket-wheels,  42.  The  ends  of  these  chains 
are  fastened  to  the  carriages,  as  is  shown  in  Fig.  3. 

The  idler-wheels,  43,  on  the  carriages  support  and  guide  the  mov- 
ing parts  of  the  chains.  The  shaft,  41,  is  driven  by  belts,  44  and  45 
(one  of  which  is  crossed),  from  the  shaft,  32,  and  the  belt-pulleys  on 
the  shaft,  41,  are  provided  with  clutches,  46,  which  are  operated  by 
means  of  a  clutch-lever,  47,  in  the  manner  before  described  with 
reference  to  the  clutches,  37,  and  lever,  38,  so  that  by  means  of  these 
clutches  the  shaft,  41,  may  be  driven  in  either  direction  and  the  car- 
riages caused  thereby  to  move  backward  or  forward  on  their  tracks, 
as  may  be  desired. 

The  operation  of  the  feed-tables  is  as  follows:  In  order  to  move 
the  tables  laterally  from  one  pass  of  the  rolls  to  another,  or  from 
one  set  of  rolls  to  another,  the  carriages,  20,  are  caused  to  move  on 
their  tracks  in  the  manner  already  described.  By  this  motion  the 
feed-rollers  will  not  be  disconnected  from  gear  with  the  driving 
mechanism  on  the  carriages,  which  may  be  caused  to  operate  in 
either  direction,  as  I  have  explained.     If  the  feed-tables  be  used  in 
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connection  with  three-high  rolls,  they  may  be  raised  or  lowered  to 
shift  the  metal  from  one  pass  of  the  set  of  rolls  to  the  next,  either 
above  or  below,  as  the  case  may  be,  by  action  of  the  hydraulic 
motor,  18,  by  means  of  which  the  tracks,  9,  and  the  supporting-car- 
riages may  be  raised  or  lowered.  The  driving  of  the  feed-rollers 
and  the  lateral  motion  of  the  feed-table  are  effected  by  means  of  the 
levers,  38  and  47,  and  the  hydraulic  cylinder  may  be  actuated  or  con- 
trolled by  means  of  a  valve  situated  in  proximity  to  the  levers,  so 
that  the  whole  system  may  be  under  the  control  of  a  single  j)erson. 

The  means  for  turning  the  metal  piece  over  on  its  side  on  the 
feed-tables,  as  shown  in  Figs.  1  and  3,  comprise  a  suitable  number  of 
rods,  50  and  51,  set  vertically  and  loosely  in  cross-pieces,  52,  of  the 
feed-table,  so  that  they  shall  be  movable  freely.  When  the  feed- 
table  is  at  its  normal  position  in  front  of  the  passes  of  the  rolls,  these 
rods  hang  down  below  the  tables,  the  tops  of  the  rods  being  below  the 
level  of  the  feed-rollers,  as  shown  by  full  lines  in  Figs.  2  and  3.  If  it 
be  desired  to  turn  the  metal  piece  that  is  on  the  table  over  the  rods,  50, 
the  table  is  lowered  until  the  lower  ends  of  the  rods,  50  and  51, 
strike  the  floor  of  the  mill.  This  causes  a  relative  upward  motion 
of  the  rods,  as  shown  by  dotted  lines  in  Fig.  3,  and  the  rods,  50,  en- 
gaging the  metal,  raise  it  and  tilt  it  over  on  its  side  against  the  now 
elevated  rods,  51 ,  which  serve  as  stops.  By  providing  the  ends  of 
the  rods,  50,  with  steps,  so  as  to  enable  them  to  engage  at  more  than 
one  place  with  the  metal,  the  metal  may  be  turned  several  times  on 
the  table. 

I  need  add  but  little  to  the  foregoing  description.  As  will  be 
seen  at  once  by  those  who  understand  the  requirements  of  rolling- 
mill  practice,  the  leading  peculiarity  of  this  system  is,  that  the  feed- 
table  is  suspended  from  above,  instead  of  being  supported  from 
below.  The  advantages  of  such  a  suspension  are  easily  appreciated; 
and  attempts,  more  or  less  elaborate,  have  been  made  to  secure  them. 
But  the  fact  that  the  general  practice,  especially  for  heavy  work,  is 
to  support  the  feed-tables  from  below,  indicates  that  these  advan- 
tages have  thus  far  been  outweighed  by  the  difficulties  attending  the 
overhead  construction,  particularly  when  lateral  as  well  as  vertical 
motion  is  to  be  effected  and  controlled,  and  the  turning  of  heavy 
masses  is  to  be  combined  with  their  elevation  and  propulsion.  I 
venture  to  think  that  this  somewhat  complicated  problem  has  been 
successfully  solved  in  the  accompanying  design.  But  that  is  an 
opinion  which  would  carry  greater  weight  if  it  should  be  confirmed 
by  the  verdict  of  the  competent  rolling-mill  engineers  of  the  Insti- 
tute, to  whose  judgment  it  is  respectfully  submitted. 
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IHE  BESOJJBCES   OF  THE  BLACK  HILLS  AND  BIO  HORN 
COUNTRY,   WYOMING. 

BY  H.    M.    CHANCE,    PHILADELPHIA,   PA. 

(New  York  Meeting,  September,  1890.) 

By  courtesy  of  the  officials  of  the  Chicago,  Burlington  and 
Quincy  railroad,  I  am  permitted  to  publish  the  results  of  an  exami- 
nation made  in  1887  and  1888  of  the  country  west  of  the  Black 
Hills,  and  lying  between  the  Black  Hills  and  the  foot-hills  of  the 
Big  Horn  Mountains  in  the  northeastern  part  of  Wyoming. 

With  the  exception  of  the  country  constituting  the  foot-hills,  or 
the  encircling  ridge  or  rim  of  the  Black  Hills  proper,  all  of  this 
area  is  occupied  by  rocks  of  Cretaceous  age. 

In  the  central  part  of  the  Black  Hills  are  found  the  tin-bearing 
granites,  the  mica-schists,  and  gold-bearing  slates,  already  so  well 
known.  Surrounding  this  central  area  of  older  rocks  (which  should 
be  considered  as  the  "Hills"  proper)  are  the  attenuated  representa- 
tives of  the  Palaeozoic,  dipping  gently  away  from  the  Hills  in  every 
direction,  overlaid  by  the  gypsum-bearing  Mesozoic,  which  here 
forms  a  bold  high  ridge  or  rim,  completely  encircling  the  Black 
Hills,  and  known  as  the  inner  ridge.  Overlying,  and  apparently 
conformable  to  this,  we  find  the  Dakota  sandstone,  which  likewise 
forms  a  prominent  ridge  or  rim,  known  as  the  first  or  outer  ridge. 

This  is  the  formation  which  contains  the  coal  now  worked  at  the 
mines  near  Newcastle.  It  is  also  the  formation  in  which  the  best 
oil-wells  have  been  obtained  in  the  "Stockdale,"  or  "Beaver,"  and 
the  "Belle  Fourche"  oil-districts. 

Overlying  it  are  the  Colorado  shales,  forming  the  great  plains 
drained  by  Beaver  creek  and  the  south  fork  of  the  Cheyenne  river, 
and  extending  west  to  the  Belle  Fourche,  near  Donkey  creek,  where 
the  overlying  Fox  Hill  formation  (thin)  and  the  Laramie  group,  the 
great  lignite-formation,  are  first  seen.  The  Laramie  group  occupies 
the  surface  from  the  Belle  Fourche  at  Donkey  creek  west  to  the  foot- 
hills of  the  Big  Horn  mountains  at  Buffalo,  an  air-line  distance  of 
some  seventy  or  eighty  miles. 
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It  is  impossible  to  travel  through  the  Black  Hills,  especially 
through  their  southern  portion,  without  being  charmed  by  the  beauty 
of  the  country.  It  is  not  a  rugged,  inaccessible  mountain  region, 
although,  perhaps,  by  reason  of  its  elevation  of  5000  to  7000  feet 
above  sea-level,  it  should  be  termed  mountainous.  The  summits 
are  rounded, and  the  traveller  seems  to  be  passing  through  a  rolling 
or  hilly  (country,  partly  wooded  and  partly  prairie,  of  great  natural 
beauty.  Here  and  there  a  bare  granite  peak  rises  above  the  general 
level,  reminding  one  of  the  more  rugged  features  of  Rocky  moun- 
tain scenery. 

The  fertility  of  the  valleys  is  surprising;  but  when  we  consider 
that  the  valley  soils  originate  in  the  decomposition  of  granites  and 
metamorphic  slates,  containing  a  high  percentage  of  all  the  elements 
necessary  to  fertility,  it  becomes  evident  that  their  present  produc- 
tiveness may  be  expected  to  continue  for  a  long  period.  Similarly, 
we  find  the  soils  of  the  valleys  and  low  lands  (as  well  as  a  large 
portion  of  the  hill-country)  immediately  surrounding  the  Hills  rich 
and  fertile,  large  areas  consisting  of  limestone  land  from  which  good 
crops  can  be  expected  for  centuries. 

In  the  Central  portion  of  the  Hills  heavy  dew  falls  during  the 
summer  season,  and  showers  are  sufficiently  frequent  to  insure  the 
growth  of  crops  without  irrigation ;  but  in  the  country  bordering 
the  Hills  profitable  farming  can  be  assured  only  by  the  aid  of  irri- 
gation. Every  stream  that  issues  from  the  Hills  will  be  used  for 
this  purpose. 

Aside  from  its  agricultural  resources  and  its  scenic  beauty,  the 
central  portion  of  the  Black  Hills  is  remarkable  for  its  varied  min- 
eral resources.  The  precious  metals,  copper,  iron  and  tin,  are  found 
widely  scattered,  and  we  cannot  doubt  that  the  output  of  metals  and 
ores  from  this  region  will  grow  steadily  and  surely. 

The  ore-deposits  of  the  Central  Hills  have  been  well  described  by 
Prof.  F.  B.  Carpenter,  of  Rapid  City,  South  Dakota,  in  a  paper*  . 
read  before  the  Institute  at  the  New  York  meeting,  February,  1889. 
Accompanying  that  paper  is  an  excellent  geological  map  of  that  por- 
tion of  the  Black  Hills  lying  east  of  the  Wyoming  line.  The  "Iree- 
milling"  gold-ores  of  the  Homestake  class,  the  refractory  gold-ores 
and  the  tin-deposits  are  elaborately  described  by  Prof.  Carpenter, 
with  many  valuable  original  suggestions  as  to  the  best  methods  of 
treatment.  Prof.  Carpenter  states  that  cement  and  fire-clay  exist  in 
large  quantities. 

*  See  Trans.,  xvii.,  570;  also  papers  by  Mr.  Devereiix,  2^-o7m.,  x.,  465,  and  by 
Prof.  W.  P.  Blake,  Traru^.,  xiii.,  691. 
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Lack  of  proper  railway  facilities,  the  high  cost  of  all  kinds  of 
materials  and  supj)lies,  the  high  price  of  labor,  and  the  difficulty 
and  cost  of  transporting  mining  machinery,  all  combined  to  check 
the  mineral  development  of  the  Hills  until  their  cost  was  reduced 
by  the  advent  of  a  railroad. 

The  tin-deposits  have  frequently  been  described  by  articles  appear- 
ing from  time  to  time  in  various  technical  journals,  and  the  public 
has  been  led  to  expect  a  large  output  of  that  metal.  The  mining, 
concentration  and  reduction  of  tin-ores  cannot  be  carried  on  success- 
fully by  small  operators;  large  capital,  extensive  and  thoroughly 
well-planned  mills,  concentrating-  and  reduction-works,  cheap  sup- 
plies and  reasonably  low-priced  labor  are  necessary.  These  will  be 
rendered  possible  by  the  building  of  the  railroads  now  penetrating 
the  Hills,  and  1  think  we  may  soon  expect  a  considerable  output 
of  tin  from  the  southern  hills,  especially  from  the  neighborhood 
of  Custer  City,  which,  by  the  way,  is  one  of  the  most  beautifully 
located  places  I  have  ever  seen. 

With  the  cheapening  of  the  chlorination  processes,  the  successful 
working  of  the  pyritic  smelting  process,  and  the  introduction  of 
coke  from  the  Newcastle  mines,  it  becomes  possible  to  operate  prof- 
itably a  great  number  of  mines,  scattered  throughout  the  Hills  from 
north  to  south,  that  yield  refractory  ore,  which,  until  the  present 
time,  it  has  not  been  possible  to  treat  with  commercial  success. 

On  the  western  borders  of  the  Hills  the  Stockade  or  Beaver 
creek  and  Belle  Fourche  oil-fields,  now  being  developed,  will  be- 
come an  important  factor  in  the  prosperity  of  the  region.  Here  will 
doubtless  be  developed  a  great  petroleum  industry.  Lubricating-oil 
in  promising  quantity  and  of  superior  quality  has  already  been 
obtained,  and  the  prospect  of  finding  the  lighter  illuminating-oils  at 
greater  depth  is  good. 

Tlie  oil  is  found  in  the  Dakota  sandstone,  which  can  be  reaciied 
by  wells  of  moderate  depth  throughout  a  belt  bordering  the  Black 
Hills  and  surrounding  their  outlying  spurs,  stretching  noi»th  from 
the  Cheyenne  river  to  the  Montana  line,  a  distance  of  some  90  miles. 

A  few  miles  west  of  this  belt,  and  parallel  to  it,  is  the  Fox  Hill 
sandstone,  which  underlies  the  Laramie  formation  and  which  may 
also  prove  oil-bearing. 

The  existence  of  oil  in  quantity,  under  the  geological  conditions 
prevailing  in  this  field,  may  be  taken  as  a  guaranty  of  the  presence 
of  natural  gas.  Just  what  pfeculiarities  these  oil  and  gas-fields  will 
exhibit,  is  as   yet  conjectural.     Whether   they  will   equal  or  exceed 
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those  of  the  Eastern  States,  cannot  be  foretold,  but  we  have  every 
reason  to  believe  that  some  large  and  valuable  productive  areas  will 
be  developed.  The  geological  structure  and  the  character  of  the 
formation  are  favorable  to  the  existence  of  oil  and  gas  in  large  quan- 
tity, and  intelligently  planned  development  by  properly  located  wells 
will  probably  result  in  the  opening  of  some  large  producing  areas. 

The  Newcastle  coal,  now  mined  on  a  large  scale,  will  furnish  coke 
of  excellent  quality.  I  was  recently  called  upon  to  determine  the 
coking  qualities  of  this  coal  and  the  methods  requisite  to  the  pro- 
duction of  good  coke,  if  that  were  possible.  For  this  purpose  I 
had  a  car-load  of  coal  shipped  to  Connellsville,  Pa.,  where  I  sub- 
jected it  to  a  series  of  experiments  which  finally  resulted  successfully 
in  the  production  of  a  hard,  well-fused  coke,  of  good  color  and 
uniform  grain,  showing  a  compressive  sti'ength,  as  determined  by 
Mr.  John  Fulton,  of  263  pounds,  which  (while  not  up  to  the  Con- 
nellsville average  of  301  pounds)  is  more  than  sufficient  to  meet  the 
requirements  of  modern  furnace-practice.  Ovens  are  now  being  built 
and  arrangements  are  in  progress  to  place  the  coke  upon  the  market. 
The  presence  of  coking  coal  at  this  point  will  be  of  inestin)able 
value  to  mines  of  nearly  all  classes  of  smelting-ore  in  the  Hills. 
This  coke  will  also;  doubtless,  find  a  ready  market  and  large  use  in 
the  smelting-districts  of  Montana,  and  possibly,  also,  in  the,  as  yet, 
practically  undeveloped  mineral  country  of  the  Big  Horn  moun- 
tains; and  1  do  not  see  any  reason  why  it  may  not  lead  to  the  estab- 
lishment of  the  manufacture  of  pig-iron  and  the  train  of  industries 
which  naturally  follow.  Iron-ores  can  doubtless  be  found  sufficient 
to  warrant  the  building  of  blast-furnaces,  and  that  the  manufacture 
of  iron  and  steel  should  be  profitable  is  almost  self-evident.  Should 
the  expectation  of  finding  natural  gas  in  quantity  be  realized, -the 
establishment  of  iron,  steel  and  general  metallurgical  and  industrial 
works  will  quickly  and  surely  follow.  Large  markets  are  at  hand  ; 
Dakota,  Nebraska,  Montana,  Idaho,  Wyoming,  Utah  and  Colorado 
can.be  j-eadily  reached  by  routes  much  shorter  than  those  from  any 
existing  iron-  or  steel-producing  center. 

With  bituminous  coal  and  coke  of  good  quality,  with  lubri- 
cating-oil  and  illuminating-oil  and  the  possibility  of  natural-gas, 
with  ores  of  the  precious  metals,  of  iron,  copper  and  tin  in  the  cen- 
tral Hills,  with  a  fertile  soil,  a  beautiful  country  and  healthy  climate, 
the  Black  Hills  are  certainly  capable  of  supporting  a  dense  And 
prosperous  population.  • 

Northwest  of  the  Black  Hills,  a  number  of  uplifts  have  occurred, 
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similar  in  some  respects  to  the  Black  Hills  uplift;  but  in  some 
cases  at  least,  as  at  the  Inyan  Kara  mountains,  the  older  rocks  have 
been  abruptly  forced  up  through  the  Mesozoic  and  the  Dakota, 
leaving  the  latter  abutting  against  the  older  formations  in  compara- 
tively unchanged  position. 

The  most  prominent  of  these  are: 

1.  The  Inyan  Kara  mountains,  rising  abruptly  one  thousand  or 
fifteen  hundred  feet  above  the  surrounding  country,  and  being,  per- 
haps, half  a  mile  wide  by  one  mile  long. 

2.  The  Sun  Dance  mountains,  very  similar  to  the  Inyan  Kara. 

3.  The  Bear  Lodge  mountains,  a  narrow  range  ending  at  the  Sun 
Dance  mountains. 

4.  The  Missouri  Buttes,  three  isolated  dome-shaped  mountains, 

nearly  in  line. 

5.  And  lastly,  the  Devil's  Tower,  a  columnar  mountain  rising, 
perhaps,  eight  hundred  feet  above  the  surrounding  country,  having 
a  nearly  flat  top  with  an  area  of  three  or  four  acres,  and  almost  or 
quite  vertical  sides  about  five  hundred  feet  high,  mounted  upon  a 
rocky  base  two  or  three  hundred  feet  high. 

I  was  not  close  enough  to  this  mountain  to  examine  it  thoroughly. 
\Yhen  viewed  at  a  distance  it  appears  to  consist  of  jointed  prisms 
similar  to  those  of  the  Giants'  Causeway,  and  resembles  the  core  of  an 
extinct  volcano.  If  this  is  a  volcanic  core,  then  the  three  Missouri 
Buttes  are  probably  of  similar  origin. 

The  Devil's  Tower  is  one  of  the  great  natural  curiosities  of  Wyo- 
ming, and  will  attract  many  tourists.  Its  vertical  sides  will  effect- 
ually frustrate  attempts  to  scale  it  by  ordinary  means. 

These  mountains  all  rise  abruptly  through  the  Dakota  sandstone 
which  forms  the  country  immediately  surrounding  them. 

Coal  has  been  found  in  this  formation  at  a  number  of  places,  the 
first  discovery  of  importance  being  at  the  Hay  Creek  mines,  located 
northwest  of  Deadwood  and  northeast  of  Sun  Dance.  The  bed  was 
quite  variable  in  thickness  and  quality,  and,  while  superior  to  the 
ordinary  lignites  of  the  Laramie  group,  was  not  pure  enough  to 
encourage  active  developments. 

Some  fairly  good  prospects  were  found  between  Sun  Dance  and 
Newcastle,  on  the  west  side  of  the  Black  Hills.  The  best  area 
developed  at  this  date  is  at  Newcastle,  the  present  terminus  of  the 
Black  Hills  branch  of  the  Chicago,  Burlington  and  Quincy  system, 
on  which  the  rails  have  just  been  laid. 

The  coal  occurs,  apparently,  in   the  Dakota    sandstone    group, 
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which  Iiere  consists  of  three  massive  sandstones,  ranging  from  fifty 
to  one  hundred  feet  in  thickness,  and  separated  by  soft  shales  and 
slates,  the  whole  having  a  combined  thickness  of  perhaps  something 
more  than  three  hundred  feet.  The  princi[)al  coal-bed  is  found 
above  the  lower  sandstone  which  directly  overlies  the  red  beds  of 
the  Jura-Triassic.^ 

In  the  absence  of  proper  pal?eontological  evidence,  we  cannot 
positively  assert  the  Dakota  age  of  this  coal-horizon,  but  the 
apparent  integrity  of  this  sandstone  group  as  a  whole,  warrants  the 
assumption  that  the  coal  is  of  Cretaceous  age;  for  the  upper  member 
of  the  group  seems  certainly  Dakota,  and  to  whatever  the  top-rock 
belongs,  the  lower  portion  must  also  be  assigned. 

Shortly  after  explorations  were  commenced,  I  found  that  the  out- 
crop of  the  coal  had  been  burnt,  and  the  search  for  coal  became  at 
once  a  search  for  ashes.  The  area  in  which  the  explorations  were 
made  was  a  plateau  or  tal)le  ranging  from  six  hundred  up  to  twelve 
hundred  feet  above  the  plains  to  the  west  (from  which  it  gradually 
rises)  and  cut  by  frequent  sharp  canons,  two  hundred  to  fiv^e  hundred 
feet  deep,  along  the  sides  of  which  the  outcrop  of  the  coal  was  usually 
above  water-level. 

In  some  localities  the  outcrop  was  readily  found,  and  the  full 
thickness  of  coal  was  exposed  by  drifting  a  few  feet;  but  where  the 
outcrop  had  been  burnt  the  coal  was  rarely  found  until  the  ashes 
and  burnt  rock  had  been  drifted  upon  from  fifty  to  one  hundred 
feet. 

The  coal  is  one  of  the  varieties  difficult  to  classify,  bearing  inti- 
mate relations  to  coals  both  of  bituminous  and  of  lignitic  composi- 
tion. It  is  black  and  lustrous,  with  a  somewhat  cubical  fracture, 
and  good  coking-properties.  From  its  appearance  and  coking-proj)- 
erties  one  might  be  justified  in  classing  it  as  a  true  bituminous  coal, 
but  in  chemical  composition  it  is  also  closely  allied  to  the  lignites. 

This  coal  will  doubtless  find  a  large  market  in  Wyoming,  Ne- 
braska, Dakota  and  Montana.  For  domestic  purposes,  and  for 
railroad-and  steaming-use  generally,  it  is  far  superior  to  any  of 
the  true  lignites.  The  percentage  of  ash  and  water  is  moderate 
(averaging  less  than  eight  per  cent.),  being  somewhat  higher 
than  Rock  Springs  coal.  The  samples  analyzed  containefl  mere 
sulphur  than  Rock  Springs  coal,  but  less  than  many  of  the  Iowa 
and  Missouri  coals  on  which  Nebraska  is  now  largely  dc[)eiidont ; 
and  the  ash- percentage  was  very  much  lower  than  in  most  of  these 
Missouri  and   Iowa  coals.     It  is  a  strong  steam-coal,  is  very  hard, 
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does  not  slack  upon  exposure,  and  will  bear  transportation  .and 
haudlino;  well.  Its  coking-properties  have  already  been  described. 
The  Dakota  sandstone  is  not  generally  known  as  a  coal-bearing 
formation.  In  a  paper  read  before  the  Institute,  in  October,  1888 
(Ti-ans.  xvii.,  375),  Mr.  G.  C.  Hewett  notes  the  occurrence  of  coal 
in  the  Dakota  sandstone  between  the  White  and  Yampa  rivers, 
in  northwestern  Colorado,  which  may  correspond  to  the  horizon  of 
the  Wyoming  bed. 

The  developments  made  up  to  date  indicate  clearly  that  while  in 
certain  districts  coal-beds  of  workable  thickness  and  quality  exist 
in  this  Dakota  sandstone  formation,  the  workable  coal  is  not 
co-extensive  with  the  formation  ;  in  other  words,  the  presence  of 
this  formation  in  any  locality  is  merely  an  indication  that  workable 
coal  may  possibly  exist. 

At  the  time  my  examinations  were  completed,  the  bed  developed 
in  the  Newcastle  field  showed  from  4  to  7|  feet  of  workable  coal 
with  no  important  slate  partings.  Subsequent  explorations,  I  am 
informed,  have  shown  the  presence  of  a  considerable  area,  ranging 
from  8  to  9  feet  in  thickness. 

From  the  Belle  Fourche  west  to  the  Big  Horn  mountains,  the 
typical  lignites  of  the  Laramie  group  are  finely  exposed  by  repeated 
natural  outcrops  in  canons  and  cliffs  ;  more  especially  on  the  head- 
waters of  Donkey  creek,  Horse  creek,  Wild  Horse  creek,  and  the 
numerous  affluents  of  the  Powder  river.  These  lignite  beds  range 
from  3  or  4  feet  up  to  22  feet  in  thickness,  and  are  admirably 
situated  for  mining,  being  above  water-level,  and  lying  almost  flat, 
so  as  to  present  many  points  at  which  self-draining  mines  may  be 
opened  and  cheaply  operated. 

Averaging  about  20  per  cent,  in  water,  these  coals  have  low  calorific 
value;  and  "slacking"  upon  exposure  to  the  air  (by  drying),  they 
will  not  bear  transportation.  Hence,  while  useful  as  a  local  fuel- 
supply,  they  are  not  likely  to  become  commercially  valuable  until 
some  cheap  method  is  devised  for  artificially  evaporating  the  water 
and  manufacturing  a  "  briquette,"  or  artificial  fuel.  Their  low  per- 
centage of  sulphur  and  ash  would  assure  the  production  of  a  most 
excellent  fuel,  and  the  problem  seems  to  be  purely  one  of  cost  and 
of  mastering  the  details  of  manufacture. 

The  area  of  this  lignite-field  is  very  great;  certainly  more  than 
7000  square  miles  ;  and  that  some  method  of  utilizing  this  enor- 
mous body  of  fuel  will  ultimately  be  devised,  I  cannot  doubt.  I 
believe  a  fuel  equal  to  the  best  bituminous  coal  could  be   produced 
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from  these  lignites  artificially  at  a  cost  of  about  $2  per  ton,  and 
such  a  fuel  would  have  one  great  advantage  over  ordinary  bitumi- 
nous coal,  as  it  would  reach  the  consumer  in  blocks  (or  eggs  or 
spheres)  of  uniform  shape,  size  and  composition. 

Looking  west  from  the  Black  Hills,  across  this  great  intervening 
valley  of  the  Belle  Fourche,  Cheyenne  and  Powder  rivers  to  the 
Big  Horn  range,  we  see  a  country  of  great  natural  fertility,  admi- 
rably adapted  to  the  raising  of  stock  and  general  farming.  Along 
the  principal  water-courses  are  bottom-lands  which  can  be  success- 
fully cultivated  without  artificial  irrigation.  Farmers  located  along 
these  bottoms  have  great  stretches  of  hilly  country  and  higher 
ground  along  the  divides  and  at  the  headwaters  of  all  the  streams, 
where  excellent  grazing  can  be  had.  These  grazing-lands  are  not 
capable  of  cultivation  without  irrigation,  but  it  is  entirely  evident 
that  a  large  portion  can  be  reclaimed  by  water  taken  from  the 
larger  streams. 

West  of  the  Powder  river,  and  between  the  Powder  river  and  the 
Big  Horn  range,  is  a  stretch  of  country  extending  north  and  south 
a  long  distance  parallel  with  the  Big  Horn  range,  which  is  now 
ready  for  close  cultivation  and  will  soon  be  producing  enormous 
quantities  of  all  kinds  of  farm-products.  A  large  part  of  it  ha«? 
already  been  brought  under  irrigation  by  ditches  taking  water  from 
tributaries  of  the  Powder  and  the  Tongue  river,  near  where  they 
emerge  from  the  mountains,  and  carrying  it  far  out  over  the  foot- 
hills east  of  the  range. 

From  Buffalo  to  Sheridan,  along  the  waters  of  Clear  creek,  the 
Tongue  and  the  Goose,  north  to  the  Crow  reservation  at  the  Mon- 
tana line,  the  whole  country  is  susceptible  of  high  cultivation ;  and 
this  area  is  destined  to  support  a  dense  and  prosperous  community. 
As  yet,  the  lack  of  railway  facilities  has  prevented  its  more  rapid 
settlement.  It  was  impossible  for  the  settlers  already  located  there 
to  dispose  of  their  products,  since  it  did  not  pay  to  transport  them 
150  miles  by  wagon  to  the  railroad.  "When  passing  through 
the  country  in  1888,  I  found  the  prices  of  all  kinds  of  farm- 
products  ridiculously  low,  the  supply  being  far  in  excess  of  the 
home-demand,  which  was  limited  to  a  few  cattle-ranches  in  the 
vicinity,  and  the  military  post  at  Buffalo.  With  the  advent  of  a 
railroad,  all  this  will  of  course  be  changed,  and  the  large  yield  of 
the  irrigated  lands  will  bring  wealth  and  comfort,  and  encourage 
rapid  settlement  of  the  country. 

No  conditions  more   favorable  to  successful  irrijration  could   be 
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conceived  than  those  which  exist  in  this  region.  On  the  snow- 
capped summits  of  the  Big  Horn  range  the  rain-fall  of  seven  or 
eight  months  of  the  year  is  stored,  to  be  melted  as  the  heat  of  the 
summer  increases,  thus  giving  a  supply  of  water  directly  propor- 
tioned to  the  needs  of  the  thirsty  country  below ;  for  the  Avarmer 
the  weather  the  greater  the  supply. 

The  Big  Horn  range  is  as  yet  practically  undeveloped  so  far  as  its 
mineral  resources  are  concerned.  I  believe  that  important  mineral 
discoveries  will  be  made  in  these  mountains,  and  that  ore-deposits 
similar  to  those  of  the  Black  Hills,  or  possibly  to  those  of  Montana 
or  of  Colorado,  will  be  found.  Little  systematic  prospecting  has 
yet  been  done.  The  search  for  minerals  has  been  confined  princi- 
pally, so  far,  to  prospecting  with  the  pan  for  placer-deposits.  No 
placers  of  extraordinary  richness  have  yet  been  found,  but  good 
prospects  are  frequently  reported,  and  reports  have  constantly  been 
made  of  the  discovery  of  tin,  of  large  veins  of  iron-ore,  of  free  mill- 
ing gold-ore,  and,  I  believe,  also  of  copper. 

The  water  of  all  the  streams  heading  in  the  Big  Horn  mountains 
is  beautiful,  clear,  pure  mountain  water,  very  rarely  muddy ;  simi- 
larly, the  water  of  the  streams  rising  and  flowing  through  the  central 
portions  of  the  Black  Hills,  is  good,  clear  mountain  spring  water. 
In  the  plains  country  drained  by  Powder  river  and  the  Belle  Fourche 
and  Cheyenne,  the  water  of  the  streams  commonly  contains  a  con- 
siderable percentage  of  the  alkalies,  but  here  and  there  are  springs 
practically  free  from  alkali.  These  springs  are  usually  found  issuing 
at  the  base  of  red  buttes.  The  red  color  of  these  buttes  has  been 
caused  by  heat  from  the  burning  of  thick  beds  of  lignite  which 
underlie  all  of  the  country  bordering  on  the  Powder  river  and  its 
tributaries.  At  a  few  places,  notably  at  the  Burning  Bank  on 
Donkey  creek,  the  lignite- beds  may  still  be  seen  on  fire,  slowly 
burning  and  baking  the  slates  and  clay  overlying  the  bed  into 
natural  brick  and  scoriae  resembling  volcanic  tufa. 

One  of  the  most  beautiful  sights  it  has  ever  been  my  fortune  to 
see  was  that  of  a  ranch  located  along  the  banks  of  Clear  creek,  where 
for  several  miles  the  land  on  both  sides  had  been  brought  under 
irrigation  and  a  high  state  of  cultivation.  Enormous  fields  of  oats, 
alfalfa,  timothy  and  the  wild  blue-lance  grass  were  being  harvested. 
I  believe  sufficient  fodder  was  raised  at  this  ranch  to  feed  something 
like  three  thousand  head  of  cattle  during  the  winter  season,  and  I 
was  told  that  the  crop  of  blue-lance  grass  (which  had  never  been 
plowed,  but  was  simply  irrigated  in   its  natural  condition)  would 
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yield  an  average  of  about  two  tons  of  hay  per  acre.  The  yield  of 
oats  was  quite  large;  I  do  not  recall  the  exact  amount,  but  I  think 
in  the  neighborhood  of  one  hundred  bushels  per  acre. 

In  travelling  between  Buffalo  and  Sheridan  I  learned  by  conversa- 
tion with  farmers  at  whose  places  I  stopped,  that  they  were  successful 
in  raising  all  kinds  of  vegetables  and  all  kinds  of  grasses  and  grain, 
excepting  perhaps  corn,  for  which  they  think  the  sea'^on  rather  short; 
but  the  yield  of  oats,  wheat,  rye  and  hay  is  certainly  extraordinary. 

At  Buffalo  one  of  the  lignite-beds  underlying  the  town  was  rained, 
and  the  coal  was  sold  in  the  town  and  surrounding  country  for 
domestic  use.  It  answers  very  well  for  all  ordinary  purposes,  and 
at  the  time  of  my  visit,  was  sold  at  83.00  per  ton,  delivered. 

Both  the  Black  Hills  and  the  Big  Horn  range  are  timbered  more 
or  less  densely  by  the  species  of  mountain  pine  so  common  throughout 
the  mountainous  portions  of  the  west,  and  in  some  localities  this  tim- 
ber grows  of  sufficient  size  to  become  valuable  for  framing  and 
building  purposes.  In  the  northern  part  of  the  Black  Hills  it  has 
been  cut  on  a  large  scale  for  use  at  the  Horaestake  and  other  mines. 
While  perhaps  it  may  not  be  profitable  to  ship  this  timber  to  a  dis- 
tance, it  will  always  be  valuable  in  furnishing  a  local  supply  for 
building-purposes,  and  for  fire-wood.  Its  presence  in  both  the  Black 
Hills  and  Big  Horn  country  is  of  inestimable  value  in  the  develop- 
ment of  their  mineral  resources,  furnishing  a  good,  cheap  mine-tim- 
ber which  frequently  may  be  cut  within  the  limits  of  the  claim  on 
which  the  mine  is  situated. 

Northwest  of  the  Hills  in  the  neighborhood  of  Sun  Dance,  a 
little  oak  timber  is  found.  It  is  small  and  scrubby,  and  is  used  to 
some  extent  for  fence-posts.  Aside  from  this,  the  only  other  timber 
of  importance  found  in  this  part  of  Wyoming,  is  the  cottonwood 
growing  along  the  main  water-courses,  which  from  a  commercial 
standpoint  is  practically  worthless,  but  is  of  considerable  value  to 
the  settler  for  fencing  and  fire- wood,  and  has  been  used  to  some 
extent  in  building  cabins  and  stables. 
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ANALYSES  OF  LAKE  SUPEBIOB  IRON- GEES. 

BY  GEO.    W.    GOETZ,    M.E.,    MILWAUKEE,    WIS. 
(New  York  Meeting,  September,  1890.) 

The  following  tables  show  the  analyses  of  ores  from  nearly  all  of 
the  mines  wliich  will  produce  over  10,000  tons  of  ore  each  during 
the  season  of  1890. 

There  are  many  small  mines  now  in  the  course  of  development, 
some  of  which  may  become  large  producers.  Many  of  the  mines 
produce  several  different  grades  of  ore,  but  the  analyses  given  in  the 
tables  are  fair  averages  of  ore  such  as  the  respective  mines  can 
deliver. 

Most  of  these  analyses  were  obtained  from  tiie  agents  of  the 
respective  ores,  and  are  averages  of  the  season  of  1889. 

One  can  state  positively  that  over  75  per  cent,  of  all  the  iron-ores 
of  the  Lake  Superior  district  will  average  over  60  percent,  of  me- 
tallic iron. 

During  the  past  34  years  this  region  has  produced  about  48,137,- 
421  tons  of  ore,  the  different  districts  contributing  about  as 
follows  : 


Marquette  District, 
Menominee     " 
Gogebic  " 

Vermilion        " 
Miscellaneous, 


29.754,057 

10,415,859 

5,622,194 

2,342,991 

2,320 


In  the  year  1889,  the  product  of  all  the  districts  was  nearly 
7,300,000  tons.  The  product  of  the  entire  region  for  the  season  of 
1890  may  exceed  9,000,000  tons.  This  large  amount  of  ore  is 
shipped  to  the  lower  lake  ports,  from  Escanab.i,  Marquette,  Two 
Harhors  and  Gladstone. 
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I. 

Marquette  District. 

Name  of  Ore. 
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a 
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c 
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Angeline — Hard 
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66.50 
66.38 
65.00 
62.33 
60.00 
67.00 
65.60 
60.00 
62.70 
60.50 
5S.60 
60.10 
65.00 
57.50 
62.00 
64.00 
66.00 
59.00 
53.50 
65.50 
62.00 
62.05 
60.95 
60.00 
62.-56 
53.02 
62.60 
69.77 
67  ..50 
62.00 
61.00 
6L00 
63.80 
60.10 
63.40 

0.045 
0  009 
0.032 
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0.120' 
0.064 
0.040 
0.104 
0.0.50 
0.109 
0  100 
0.056 
0.055 
0.120 
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0.084 
0.045 
0.114 
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1             '        '            1 

1                                         1 

Barnum 

Bufialo 

Cambria 

4.70 
6.80 
7.26 
3.00 
3.06 
6.74 
3.45 

0.20 
0.37 
0.37 

0.20 
1.61 
3.81 

0.20 
0.06 
0.33 

0.35  Trace. 

0.62 

0.042 

Champion,  No.  1 

Cleveland,  No.  1 

''            Hematite 

0.21 
0.63 
0.52 
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2.35 
1.55 
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0.12  0.12 
1.15  1.61 

0.037 
0.011 
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0.020 
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Cliff'Shaft 

Comrade 

Detroit 

East  New  York 

Humboldt 

Imperial 

Jackson  

8.00 
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5.00 

5.30 

0.41 
0.12 
0.03 

"l.'ll 

0.72 
1.71 

0  31 

0.26 
0.41 
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0.6^ 
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Lake  Superior,  No.  lA 

Slate 

Lillie 

Lucy 

Michigamme 

No.  1 

Milwaukee 

Mitchell 

Negaunee  

3.00 
8.69 
12.05 
4.57 
7.00 
4.32 
6.85 

0.03 

1.22 

0.12 

0.48 

6.045 

4.25 
0.01 
0.60 
0.45 
0.62 

:z::v:::::.:i 

0.51 
0.80 
0.60 
1.35 

0.11 
0.30 
0.90 
0.30 

0.07 
1.35 
1.10 
0.42 
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0.030 
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0.020 

Prince  of  Wales 

0.106 
0.041 
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0.051 
0.043 
0.045 
0.090 
0.015 
0.100 
0.070 
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5.51 
17.65 

4.65 
1.78 
3.01 
4.00 
8.00 

0.37 

1.70 

0.17 

0..59 

0.053 

Prout 

Queen 

0.41 

1.11 

0.31 

0.12 

0.029 

Republic,  Magnetic 

"         Specular 

Salisbury  Bess 

0.04 
0.22 
0.12 

0.85 
0.50 
0.72 

0  07 
0.60 

0.41 
1  00 

0.012 
0.012 
0.012 

Sharon 

0.26  0.84 

Sheffield  

.South  Bufialo 

Volunteer 

Winthrop 

4.10 

0.31 

1.49 

0.34  0.82 
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5.37 
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0.81 

0.11,0.24 
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Aragon 

Armenia 

65.20 
60.80 
62.13 
57.70 
58.20 
64..55 
61.00 
00.60 
55.20 
60.50 

0.038 
0  188 
0.068 

4.68 
8.69 
4.20 

0.02 
0.11 
0.26 

0.33 
1.33 
1.08 

0.01 
0.39 
2.7> 

036 
0  66 
0.81 

0.034! 
0.022 
0.001 

Chapin 

Commonwealth  

Corbett 

0.675 
0.044 

4.37 
3.35 

0.31 
0.15 

3.10 
0  67 

0.62 
1.64 

0.78 
0.50 

0.041 

Crescent 

Cyclops  

Dunn 

0.344 
0.547 
0.257 

4.81 
'■     503 
i     4.05 

0.22 
0.02 
0.22 

2.98 

""o.si 

0.81 
0.81 
0.64 

0.97 
.5.91 
1.18 

0.036 
0.061 
0.041 

Eagle 

Florence  

Great  ^Vestern 

Iron  River 

'59.80 

0.356 

5.29 

0.37 

3.41 

0.37 

0  69  n.n^sl 
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II.   Menominee  District— Con^mMed. 

Name  of  Oke. 
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54.00 
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58.36 
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6.00 
3.56 

3.50 
0.55 
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2.28 

8.00 

4.00 
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Millie 
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62.32 
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54.95 
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i 
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Anrora 
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5.20 
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1.98 

2.98 

...3!69 
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0.15 
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2.44 
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Mon  t  rea  1 
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6.30 
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0.97 
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2.15 
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0.15 
0.14 
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0.40 
0.65 
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0.38 
0.35 
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0.58 
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MAGNETIC  CONCENTBATION  AT  THE  MICHIGAMME 
IRON-MINE,  LAKE  SUPERIOR. 

BY  JOHN  C.  FOWLE,  jnCHIGAMME,  MICH. 
(New  York  Meeting.  September,  1890.) 

Having  had  for  many  years  the  management  of  magnetite  mines, 
and  having  noted  the  various  admixtures,  such  as  jasper,  "green 
rock,"  actinolite,  etc.,  that  occur  so  frequently  in  the  deposits 
and  make  the  fine  ore  so  difficult  as  well  as  expensive  to  sort  by 
hand,  I  studied  the  different  ways  of  mechanical  sorting,  but  found 
none  satisfactory — the  universal  objections  being  the  expense, 
the  small  quantity  that  could  be  handled  per  hour,  and  the  low 
grade  of  ore  produced  after  all.  Feeling  that  some  means  would 
be  discovered  ultimately  for  concentrating  the  small  ore,  I  began  at 
the  Michigamrae  mine,  at  Michigamrae,  Lake  Superior,  Michigan, 
to  separate  it  from  the  larger  and  richer  lumps,  by  placing  in  all 
the  shaft-hou.ses  screens  of  round  iron  bars  set  |^-inch  apart,  on 
which  the  skips  were  dumped  as  they  were  hoisted;  the  coarse  ore 
going  into  one  stock-pile  or  into  cars,  and  the  small  ore,  from  2  or 
3  inches  diameter  down  to  powder,  going  into  a  special  stock-pile, 
to  be  treated  as  soon  as  some  proper  means  was  found  to  separate 
the  ore  from  the  rock  and  other  impurities. 

Careful  investigations  showed  that  neither  dry  nor  wet  concentra- 
tion was  the  right  process  for  us ;  and  I  finally  studied  the  magnetic 
process.  Xot  knowing  of  any  magnetic  separator  in  this  country 
that  would  handle  such  large  pieces  of  ore  as  I  wished  to  treat,  I 
looked  abroad  and  found  in  Sweden  the  Wenstroni  separator.  One 
of  these  machines  was  brought  to  the  United  States  and  tested  in 
New  Jersey  and  other  places.  (See  the  papers  of  Messrs.  Cook 
and  Birkinbine,  Trans.,  xvii.,  599  and  728.)  This  original  sepa- 
rator, having  15-inch  face  of  drum,  I  brought  to  the  Michigamme 
mines,  and,  no  one  having  confidence  in  it,  placed  it  in  operation  at 
my  own  expense.  Finding  that  in  this  way  large  ore  could  be 
treated  much  better  by  magnetic  separators  than  by  hand,  and  with 
much  greater  enrichment  of  the  product,  I  put  up  a  small,  crude 
mill  with   several  series  of  screens,  so  as  to  size  the  material  and 
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treat  on  tlie  separator  the  different  sizes  by  themselves.  This 
gave  a  still  better  product.  None  but  the  15-inch  separator  was 
used.  We  shipped  from  this  mill  11,000  tons  of  concentrates  in 
1889,  a  part  of  which,  produced  from  crude  50  per  cent,  ore,  con- 
tained 65  per  cent,  of  iron,  while  the  remainder,  produced  from 
crude  ore  running  52  to  54  per  cent.,  carried  60  per  cent,  of  iron. 

In  view  of  this  satisfactory  result  in  the  separation  of  large  and 
small  pieces  of  ore,  my  attention  was  turned  to  the  large  number  of 
old  dumps  about  the  mine  containing  a  large  amount  of  iron. 
Finally,  crushers  were  put  in  to  break  up  this  mixed  ore  and  rock  ; 
but  solt  chlorite  and  hornblende,  which  were  present  in  laro-e 
quantity,  used  to  pack  the  crushers  so  that  they  were  continually 
breaking  down,  and  it  proved  impossible  with  crushers  alone  to 
reduce  any  considerable  quantity  of  this  mixed  ore  to  pass  a 
|-inch  screen — the  size  which  had  been  found  in  practice  most 
advantageous  for  securing  the  maximum  of  product  consistent 
with  sufficient  coarseness  to  suit  the  conditions  of  blast-furnace 
use.  We  bring  the  ore  screened  to  this  size  up  to  61  per  cent,  in 
iron,  and  can  raise  the  iron  a  few  points  by  carrying  less  current 
on  the  dynamo,  which  makes  the  tailings  richer. 

The  experience  at  this  mill  shows  that  the  fine  powdered  ore  and 
the  ore  going  through  a  ^-inch  screen,  should  never  be  allowed  to 
fall  directly  on  the  separator,  but  should  be  carried  near  the  sepa- 
rator by  a  belt  on  an  inclined  plane  and  attracted  to  the  drum  of 
the  separator  by  the  electro-niagnetic  force.  It  is  almost  impossible 
to  feed  this  fine  ore  directly  on  to  a  separator  in  a  sheet  suflBciently 
thin  to  permit  a  satisfactory  separation,  because  ore  and  rock  over- 
lying one  another  are  bound  together  in  the  drum  ;  but  by  feedino- 
the  fine  ore  by  a  belt  up  to  the  separator,  the  mass  of  material  is 
agitated,  and  the  ore  flies  to  the  drum  and  the  rock  falls,  or  remains 
on  the  belt.  The  greater  the  electric  current  which  is  carried  on 
the  separator,  and  the  farther  away  from  the  separator  the  crude  ore 
's  when  it  enters  the  magnetic  field,  the  higher  will  be  the  percent- 
age of  iron  in  the  concentrates  and  the  lower  in  the  tailings.  For  in- 
stance, crude  ore,  containing  52  per  cent,  of  iron  and  0.224  of  phos- 
phorus, when  treated  directly  on  the  separator,  gave  concentrates 
•containing  in  one  case  58  per  cent,  of  iron  and  0.215  of  phos- 
phorus; and  in  another  case  60  per  cent,  of  iron  and  0.180  of 
phosphorus ;  while  the  same  ore,  treated  by  a  belt-feed,  not  in  con- 
tact with  the  separator,  gave  concentrates  containing  67.07  per  cent, 
of  iron  and  0.060  of  phosphorus. 
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All  of  our  underground  skips  that  carry  lean  rock,  or  "  waste," 
are  dumped  at  the  shaft-houses  upon  long,  flat  screens  made  of 
round  bar-iron,  with  bars  1:^  inches  apart.  The  material  passing 
these  screens  ranges  in  size  from  powder  up  to  pieces  IJ  inches  thick, 
by  3  inches  wide,  some  of  which  weigh  as  much  as  4  pounds  each. 
These  screenings  and  the  lean  lump-ore  are  conveyed  to  the  concen- 
trating-mill  over  gravity  roads.  The  tracks  extend  over  the  top  of 
the  mill,  and  facilitate  a  convenient  delivery  into  separate  large  ore- 
pockets. 

On  the  east  and  west  sides  of  the  mill  are  skip-roads,  by  which 
all  the  mixed  ore  from  old  dumps  is  hoisted  up  into  the  pockets 
over  the  crushers.  These  skip-roads  run  under  the  railroad-track 
at  a  vertical  interval  which  permits  the  interposition  of  a  pocket 
holding  a  rail  road -carload  of  ore,  8  tons.  By  this  arrangement  the 
refuse  from  all  parts  of  the  property,  when  loaded  into  cars,  can  be 
switched  at  small  cost  to  these  pockets  and  dumped  into  skips. 

The  mill  built  here  is  50  x  60  feet,  and  has  cost  $16,000. 
The  machinery  includes  one  60-horse  power  engine,  two  dyna- 
mos run  by  one  engine,  one  boiler,  two  drums  for  hoisting  skips, 
one  18  X  24-inch  crusher,  one  9  x  15-inch  crusher,  one  set  of  36- 
inch  rolls,  one  36-inch  Buchanan  separator  (Fig.  1),  one  15-inch  Wen- 
strora  separator  (Fig.  2),  one  shaking-screen  and  a  swing-screen. 

The  method  of  treatment  in  the  mill  is  shown  in  the  accompany- 
ing scheme. 

Scheme  for  Conceniration. 

Ltjmp-Oke  from  Old  Dumps  Mine-Screenings  Wet  Fines. 

AND  Mine-Waste.  from  powder  up  to  pieces  j 

\%  X  3  inches  in  size.  Drier. 


Pockets. 

I 

18  X  24-inch  Crusher. 

I 

%-inch  Screen. 

Over  Screen.  Through  Screen. 

9xlo-inch  Crusher. 

■ >  Elevated  to  a  < ■ 

>  li-inch  Screen. 


Pockets 


A.-36-inch  Buchanan  Magnetic  < 

Separator. 

I  ^1 

Concen-  Tailings, 

trates.  | 

I  1 5-inch  Wenstrom 

Shipped,  Magnetic  Separator. 


Over  Screen.         Through  Screen. 
36-inch  Rolls.  Swing  Screen. 


Pockets 
for  difl'erent  classes, 
fed  separately  to  — 


Concentrates.  Tailings. 

Shipped.  Discarded,  except  in  case 

of  coarse  mine-screen- 
ings, iv^x3  inches  in 
size,  which  are  crushed, 
sized  and  re-separated. 


The  18  X  24-inch  crusher  breaks  even  the  largest  of  our  lump-ore  ; 
its  use  saves  us  much  expense  in  sledging.     A  coarse  screen  placed 
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beneath  this  crusher  sifts  out  the  first  fines,  and  delivers  all  the 
coarser  product  to  the  9x  15-ineh  crusher.  Upon  passing  through 
this  machine,  the  ore  and  the  first  screenings  are  raised  by  a  link- 


CONCENTRATES 


CONCENTRATES 


Buchanan  Separator. 

belt  elevator,  and  delivered  to  a  f-inch  screen.  Such  material  as  is 
rejected  by  this  screen,  goes  to  the  rolls,  and  is  then  again  raised  by 
the  same  elevator  and  re-sized  as  before. 

The  screen  which  we  employ  is  a  common  coal-screen,  suspended 
at  top  and  bottom,  and  agitated  by  means  of  cams.  We  find  this  form 


Fig.  2 


CONCENTRATES 


Wenatrom  Separator. 

durable,  cheap  and  of  great  cajiacfty — more  so  than  revolving 
screens.  Crushers,  rolls,  elevator  and  screen  all  work  automatically, 
one  man  (mly  attending  to  all. 

VOL.  XIX — 5 
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The  fine  ore  that  passes  through  the  screen,  is  delivered  to  a  swing- 
screen,  from  which  it  drops  into  several  pockets,  and  is  then  fed  by 
gravity  to  the  Buchanan  separator.  This  separator  also  treats,  inde- 
pendently of  the  crushed  ore,  all  the  previously-mentioned  mine- 
screenings.     These  are  fed  to  it  direct  from  storage-pockets,  without 


Fig.  3. 


LOCOMOTIVE  SAND-DRYER. 


any  preparatory  crushing  or  sizing.  The  concentrate,  or  "  ore," 
produced  by  the  separator,  is  conveyed  to  railroad-cars  and  Knided 
for  shipment.  The  tailings  ^-e  run  over  our  Wenstrom  separator 
to  take  out  any  remaining  ore.  The  Buchanan  separator  is  very 
well  built;  it  lias  a  much  larger  capacity  than  the  small  Wenstrom 
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machine,  and  makes  richer  concentrates.  It  carries  a  current  of  23 
amperes,  and  is  wound  witli  heavy  copper  wire.  The  Wenstrora 
machine,  on  the  other  hand,  can  carry  only  10  amperes,  and  is  wound 
with  wire  of  one-third  the  size.  We  keep  the  Wenstrom  machine  in 
use  only  because  we  happen  to  have  it.  It  is  our  original  Swedish 
machine  and  is  a  good  one — much  better,  in  fact,  than  one  which 
was  built  for  us  in  this  country  but  which  we  do  not  use. 

A  large  amount  of  fine  powdered  ore  and  :|^-inch  screen-ore 
comes  from  the  Michigamme  mine  in  a  wet  state,  and  in  order  to 
make  a  good  separation,  it  must  be  well  dried.  We  have  used  loco- 
motive sand-dryers,  Fig.  3.     They  are  good,  but  their  capacity  is  too 


CONVEYOR  ORE'-'D"RYER. 


small.  We  also  use  a  dryer.  Fig.  4,  made  by  using  a  half-round 
cast-iron  trough,  16  feet  long,  with  a  spiral  conveyor  running  in  it, 
to  mix  up  and  agitate  the  wet,  fine  ore.  This  trough  is  set  in  brick, 
with  a  fire-box  underneath  to  burn  wood.  Wet  ore  fed  into  the  trough 
at  one  end  comes  out  dry  at  the  other  end,  where  it  is  elevated  into  the 
pocket,  from  which  it  runs  by  gravity  to  the  separator.  This  dryer 
is  cheap  and  easily  built,  and  by  using  heavy  conveyor-flights,  can 
be  made  durable. 

To  avoid  danger  from  fire  and  the  cost  of  a  fireman  to  tend  the 
dryer,  we  are  putting  in  a  revolving  conveyor  to  dry  by  steam. 

Fine  wet  ore  is  to  pass  by  gravity  from  the  feed-hopper  through 
four  tubes,  which  are  fixed  in  an  inclined,  revolving  drum.    Live-  or 
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exhaust-Steam  enters  the  drum  through  a  stuffing-box  at  one  end, 
surrounds  the  ore-tubes,  and  thoroughly  dries  the  ore.  A  slightly- 
different  drying-drum  has  been  designed,  in  which  one  large 
tube  takes  the  place  of  the  four  small  ones.  It  is  expected  that  this 
second  form  will  work  satisfactorily  when  the  fines  are  not  extremely 
wet.  The  drier  the  material  that  is  to  be  separated,  whether  coarse 
or  fine,  the  greater  the  capacity  of  the  separator.  Up  to  present 
writing  (August  1)  we  have  shipped  in  this  season  from  this  mill  8000 
tons  of  concentrates,  and  are  now  daily  concentrating  180  to  200 
tons,  at  a  cost,  including  crushing,  hoisting  material  into  mill-pock- 
ets, separating  ore  and  loading  it  into  cars,  of  18  cents  per  ton. 
On  some  days  the  concentrates  at  this  mill  cost  us  only  10  cents  a 
ton,  delivered  in  the  railroad  cars,  including  all  the  above-mentioned 
items  of  cost.* 

The  quality  of  the  concentrates  is  regulated  entirely  by  the 
electric  current  and  the  sizing  of  the  material.  Most  of  our 
concentrates  will  pass  a  f-inch  screen,  though  some,  which  are 
produced  from  the  mine-screenings,  are  of  larger  size.  These 
mine-screenings  go  directly  to  the  separator  as  52-  or  56-per  cent, 
ore,  and  leave  it  as  64-  to  65-per  cent.  ore.  Considering  their 
wide  range  of  size,  we  regard  this  as  very  fair  work.  The  waste- 
rock,  resulting  from  the  separation  of  the  screenings,  amounts  to 
10  to  15  per  cent,  of  the  total  quantity  of  crude  ore.  Whenever 
this  waste-product  is  considered  sufficiently  rich  to  warrant  further 
treatment,  it  is  crushed  and  sized  with  the  lump-ore,  and  passes 
through  a  second  separation. 

The  proportion  of  waste  which  we  make  from  crushed  ore  is 
much  larger  than  from  the  mine-screenings.  This  only  indicates 
iliut  the  lean  lump-ore  is  of  poorer  grade  than  the  more  friable 
material  which  breaks  into  small  pieces  in  mining  and  forms  the 
screenings.  The  amount  of  tailings  varies,  of  course,  witii  the  kind 
of  material  we  are  crushing.  It  fluctuates  between  30  and  50  per 
cent,  for  most  of  our  separated  ore,  which  runs  in  size  from  ^  to  f- 
inch.  The  tailings  carry  from  21  to  24  per  cent,  of  iron.  As  we 
break  down  by  far  the  largest  proportion  of  our  rock  so  as  only  to 
pass  a  |-  to  f-inch  screen,  it  is  evident  that  a  lower  percentage  of 
iron  could  easily  be  obtained  by  finer  crushing.     But  would  such 

*  Since  this  paper  was  written,  the  complete  returns  for  August  have  been  made 
up,  and  show  3116  tons  of  concentrates  shipped  during  the  month,  at  tlie  cost  of  22 
cents  per  ton  for  ail  the  items  named  above.  The  total  shipments  to  October  lllh 
amounted  to  15,000  tons. 
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practice  be  wise  policy  ?  I  prefer  to  make  a  concentrate  which  sells 
readily  at  a  good  profit;  and,  to  this  end,  the  concentrate  must  be  of 
such  size  that  it  can  be  worked  at  low  cost  and  in  large  quantities 
by  the  blast-furnaces. 

Assays  of  fine  powdered  ore  up  to  :|-inch  screen-size: 

1.  Crude  ore,  61.30  per  cent.  iron. 

"        "         .131     "  phosphorus. 

Concentrates. 

Per  cent. 

Iron, 64.68 

Phosphorus, .086 

Iron, 67.07 

Phosphorus, .080 

Iron, 65.99 

Phosphorus, .087 

Iron, 63.70 

Phosphorus, .086 

Assays  of  concentrates  of  mixed  ores  from  ^-inch  screens  up  to 
pieces  weighing  2  to  3  pounds,  concentrated  at  the  Michigamme 
mine  by  J.  C.  Fowle,  from  July  1  to  December  1,  1889  : 

2.  Crude  ore,  52  to  54  per  cent.  iron. 
Tailings,     21  to  24   "      "        " 

Concentrates. 

Per  cent. 

Iron, 62.14 

« 63.11 

" 61.30 

62.72 

" 64.87 

63.66 

" 63.00 

" 63.50 

" 63.66 

« 60.93 

62.12 

60.38 

60.20 

60.66 

Assay  of  fine  powdered  ore  up  to  ^-inch  screen-size  : 

3.  Crude  ore,  54  per  cent.  iron. 
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Concentraies. 

Per  cent. 
Ii'on,       ..." 62.72 

" 63.50 

4.  Crude  ore,  56  per  cent.  iron. 

CoYiGentrates. 

Per  cent. 
Iron, 6486 

63.00 

" 63.11 

5.  Crude  ore,  58  per  cent.  iron. 

Concentrates. 

Per  cent. 

I'"'^"' 64.08 

"^ 63.00 

63.60 

66.83 

6.  Crude  ore,  56.12  per  cent.  iron. 

.050      "         phosphorus. 

Concentrates. 

Per  cent. 

^'■•'"'       • 62.40 

Phosphorus, .       .       .  040 

The  ore  was  fed  directly  on  to  the  drum  of  the  separator;  by 
using  a  belt-feed  the  concentrates  could,  in  my  judgment,  have  been 
brought  to  as.say  66  to  67  per  cent,  iron,  and  only  0.02  per  cent, 
phosphorus. 

7.  Crude  ore,  61.30  per  cent.  iron. 

.114      "         phosphorus. 

Concentrates. 

Per  cent. 

^™"' 66.83 

Phosphorus, qcjq 

I  consider  the  concentration  of  magnetic  ores  by  electricity  to  be 
still  in  its  infancy  as  to  cost,  capacity  and  quality.  Our  experience 
has  been  exclusively  with  separators  having  one  or  more  drums, 
and  I  claim  no  knowledge  of  practice  with  other  forms  of  apparatus. 
The  many  mills  now  in  operation  in  the  East  will  undoubtedly, 
during  the  present  year,  work  out  new  methods  for  concentrating 
iron-ores,  whereby  the  cost  will  be  reduced  and  the  output  still 
further  increased. 
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OEE-DBESSma  BY  ELECTRICITY  AT  THE  TILLY 
FOSTER  MINE. 

BY  F.    H.   MCDOWELL,    NEW  YORK   CITY. 

(New  York  Meeting,  September,  1890.) 

The  electro-magnetic  separator  of  Mr.  G.  Conkling,  Glens  Falls, 
N.  Y.,  described  by  Mr.  Birkinbine*  in  a  paper  at  the  New  York 
meeting  of  the  Institute,  in  February,  1889,  has  been  in  success- 
ful operation  at  the  Tilly  Foster  mine  for  a  considerable  period, 
under  the  disadvantages  which  seem  to  be  the  inevitable  attendants 
of  pioneer  enterprises  in  new  technical  fields.  The  results  of  a  run 
of  several  months,  which  the  Superintendent,  Mr.  S.  P.  Tomkins, 
has  taken  pains  to  collate,  are  here  presented  by  his  courteous  per- 
mission, and  that  of  Mr.  E.  S.  Moffat,  the  energetic  and  skilful 
General  Manager  of  the  Lackawanna  Iron  and  Coal  Company,  to 
whom  our  profession  is  already  indebted  for  examples  of  bold  and 
ingenious  practice  in  mine-engineering.  It  is  believed  that  these 
figures  will  assist  those  who  are  planning  similar  operations  to  decide 
intelligently  what  they  may,  and,  more  important  still,  what  they 
may  not,  expect  to  accomplish. 

The  local  difficulties  in  the  way  of  this  experiment  at  the  Tilly 
Foster  mine  were  many  and  great.  Only  about  two-thirds  of  the 
waste-dump,  resulting  from  the  assorting  of  previous  years,  is  ore ; 
and  this  varies  in  content  of  iron  from  20  to  28  per  cent.  The  re- 
mainder is  rock,  some  (from  horses  in  the  vein)  showing  particles  of 
adhering  mineral,  some  (from  the  foot-  and  hanging-walls)  entirely 
barren.  The  expense  of  overhauling  the  dump  and  removing  this 
rock  is  by  no  means  the  least  of  the  numerous  items  which  must  be 
charged  against  the  concentration.  Associated  with  the  lean  ore  are 
hornblende  and  other  minerals,  carrying  iron  in  the  non-magnetic 
state,  which  must  necessarily  be  washed  away  with  the  tailings. 
The  waste-dump  was  originally  located  without  reference  to  future 
treatment,  and  now  can  only  be  handled  by  means  of  a  locomotive, 

*  Trans.,  xvii.,  739. 
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operating  over  heavy  grades.  The  mineral  is  so  widely  and  finely 
disseminated  through  the  ore  that  it  has  been  necessary  to  resort  to 
fine-crushing.  This  (water  being  used  in  the  separation)  increases 
the  proportion  of  slimes,  which  carry  off  mechanically  small  par- 
ticles of  mineral.  Finally,  the  lean  character  of  the  ore  calls  for  the 
handling  and  conveying  from  the  mill  of  a  large  bulk  of  tailings. 
The  process  includes  crushing  the  ore  by  a  Blake  rock-breaker  on 
the  dump;  removing  it  in  train-loads  to  the  bins  in  the  mill ;  pass- 
ing it  under  two  Ball  stamps,  provided  with  screens  of  j^-inch 
mesh;  elevating  it  to  the  Conkling  electrical  separating-belts ;  and 
delivering  the  concentrates  to  the  cars  and  the  tailings  to  the  settling- 
reservoirs.  It  all  seems  simple  enough  in  a  printed  description  ;  but 
many  practical  difficulties  have  been  met  and  overcome  by  Mr. 
Tomkins,  to  appreciate  which  one  must  visit  the  works  and  note  the 
changes  which  have  been  made  from  time  to  time  with  increasing 
experience.  In  the  face  of  these  changes  and  the  frequent  accidents 
and  break-downs  incidental  to  the  introduction  of  new  machinery, 
the  mill  has  been  kept  running  almost  continuously  ten  hours  out 
of  the  twenty-four,  and  this  has  contributed  not  a  little  to  the  success 
of  the  undertaking:. 

By  reference  to  the  accompanying  table  it  will  be  noted  that, 
during  the  six  months  ending  July  31,  1890  (the  work  of  January 
being  omitted  from  the  calculation),  there  were  treated  18,058  tons 
of  lean  ore,  an  average  of  3009  tons  per  month.  The  concentrates 
produced  amounted  to  6236  tons,  an  average  of  1039  tons  per  month. 
There  were  required,  therefore,  2.89  tons  of  crude  ore  to  produce  one 
ton  of  concentrates.  The  average  cost  of  treatment,  including  pre- 
paring the  ore  and  getting  it  to  mill,  and  disposing  of  the  tailings 
(which  items  make  up  one-half  of  the  charge  for  labor),  was  $2.25 
per  ton  of  concentrates.  The  actual  expenses  in  the  mill  have 
averaged  §1.63  per  ton  of  concentrates.  These  figures  will  be  ma- 
terially reduced  when  the  supply  of  waste  ore  from  the  dump  has 
been  exhausted,  and  a  higher  grade  of  lean  ore  is  sent  directly  from 
the  mine  to  the  mill. 

Since  the  following  table  was  compiled  the  figures  for  August,  1890, 
have  been  received.  They  show  1391  tons  concentrates  from  3508 
tons  of  crude  ore,  or  1  :  2.52.  The  cost  per  ton  of  concentrates  was 
$1.89,  as  compared  with  $2.39  in  July.  The  reduction  of  cost  is 
due  to  the  increased  output  of  the  mill  in  concentrates,  a  larger 
amount  of  crude  ore  having  been  treated,  and  also  a  larger  yield  ob- 
tained per  ton  of  crude  ore. 


ORE-DRKSSING    BY    ELECTRW^iTY    AT   TILLY    FOSTER    MINE. 


73 


Table  of  Results  for  Seven  Months  of  1890. 


Ore  vised 

("oncentrales  made 

One  ton  of  concentrate  from 

Labor,  crude  to  crusher 

"      crushing,  and    loading 
cars 

"      repairing  cars 

"  "         carts 

"  "         wheelbarrows 

"      locomotive  crew 

"      mill  work  and  handling 
concentrates 

"      in  ore-bins 

"      handling  tailings 

"     repairs  of  mill  &  mach'ry 

Analyses 

Material  for  repairs 

Supplies,  oil,  waste,  etc 

Coal  used 

Total  cost  of  one  ton  concentrates 

Cost  of  labor  in  one  ton       " 
Cost  to  crush  and  put  crude  ore  in 

mill 

Per  cent,  of  iron  in  crude  ore  sent 

to  mill 

Per  cent,  of  iron  in  concentrates 
"  "       "       tailings 

Mill  run Days 


Tons 
1719 
445 
3.75 


Tons.  Tons 

3007     2278 

893 

3.36 


85 
2.90 


Tons. 
3104 
12.54 
2.4 


Tons. 
3619 
1176 
3.0' 


Tons. 
3120 
1062 
2.93 


0.48 
0.07 


0.54 
0.08 
0.03 
0.17 


$0,601     $0.63 


Tons. 
2930 
1066 
2.61 


0.40| 
0.16; 
0.66 


0.17 
0.23 
0.74 


0.37 
0.06 
0.01 
0.06 


0.42 
0.07; 
0.03i 
0.08 


0.18 
0.07 
0.53 


^;  $2^    82.55!  $1 .75 
"$IT21    $1.41|  80.97 


0.19 
0.21 
0.55 

'82.15 


0.45 
0.06 
0.03 
0.10 


0.23 
0.21 
0.63 
82.34 


80.66 


0.44 
0.06 
0.02 
0.11 
0.03 
0  27 
0.16 
0.64 
"82.39 


oj  S  c  >> 
>  t.  Ml) 


Tons. 
3009 
1039 
2.89 


.ig/n'    .20^ 


25.13!  24.96    28. .57 
47.40    50.20    49.54 


.18^ 


28.21 


81.20,  81.27 


20,»5i     15/5,     23fti 


^19^ 

26. 80' 
50.19| 
11.53 

25tVl 


.21 


28.28 
.51.04 
10.32 

22  r% 


81.32 


.25A 


27.. 55 

49.14 

10.21 

22ft 


82.25 


81.26 


27.39 


The  following  practical  conclusions  are  suggested  by  these  results: 

1.  Unless  the  location  and  other  conditions  are  exceptionally  favor- 
able, it  will  not  pay  to  erect  works  to  treat  the  material  of  waste- 
dumps  carrying  less  than  25  per  cent,  of  iron. 

2.  Where  the  lean  ore  is  mined  in  connection  with  shipping-ore, 
there  must  be  a  corresponding  increase  in  the  percentage  of  iron  to 
offset  the  mining  and  royalty  charges. 

3.  Where  no  shipping-ore  is  produced,  there  must  be  a  still 
further  increase  in  the  percentage  of  iron,  to  warrant  the  erection  of 
hoisting-,  pumping-  and  dressing-works. 

Mine-owners  will  readily  understand  that  no  rigid  rules  can  be 
laid  down  where  the  ore-characteristics  and  local  conditions  are  con- 
stantly varying.  Before  establishing  large  works,  the  most  thorough 
and  comprehensive  tests  should  be  made. 
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TEE  POTOSI,  BOLIVIA,  SILVEB- DISTRICT. 

BY  ARTHUR  F.    WENDT,    NEW  YORK  CITY. 
(New  York  Meeting,  September,  1890.) 

Tiitrodudlon. — In  the  year  1885,  the  writer  signed  a  contract  to 
take  charge  of  the  reopening  and  developing  of  the  celebrated  old 
mines  of  "  El  Cerro  Rico  de  Potosi."  Two  years  earlier,  an  Eng- 
lish firm  of  engineers  had  made  a  very  glowing  report  on  the  prop- 
erty. In  the  summer  of  1885,  telegrams  arrived  from  the  parties 
in  charge  of  operations  at  the  mountain,  claiming  the  finding  of  one 
of  the  old  veins,  with  an  average  richness  of  over  200  ounces  to  the 
ton.  In  the  fall  of  1886,  the  author  first  personally  visited  Potosi, 
but  found  neither  the  English  report  nor  the  telegram  borne  out  by 
the  facts.  After  an  expenditure  of  over  half  a  million  of  dollars 
and  more  than  three  years  of  continuous  hard  work,  the  writer  suc- 
ceeded in  unwatering  and  developing  one  of  the  principal  old  veins 
of  the  mountain.  This  vein,  called  "Cotamitos,"  now  yields  ores  of 
about  75  ounces  to  the  ton,  and  the  old  historic  mountains  of  Potosi 
may  be  said  to  have  again  fairly  entered  the  list  of  silver-pro- 
ducers. The  experience  of  the  author,  during  his  residence  in 
Bolivia,  and  data  obtained  from  Sr.  Don  F.  Avelino  Aramayo,  form 
the  basis  of  this  description. 

Potosi. 

Etymology  of  the  Name. — The  Quichud  (pronounced  Keechua) 
Indians,  known  to  Xorth  American  students  as  the  "  Inc-as," 
although  the  word  "  inca"  merely  signifies  "  king,"  or  "chief,"  of 
the  Quichuas,  called  the  mountain  "  Sumac-orcko,"  or  "the  beauti- 
ful mountain."  Eighty-three  years  before  the  discovery  of  the 
mountain  by  the  Spaniards,  tlie  inca,  or  king,  Huaina  Ccapac,  trav- 
elling from  Cantumarca  to  Colque-Porco,  saw  the  mountain  of 
Potosi  and,  admiring  its  grandeur  and  beauty,  .said  that  within  its 
bowels  there  was,  no  doubt,  much  silver.  He  ordered  his  vas.sals  to 
work  the  mines.  They,  having  carried  their  miningimplements  to  the 
mountain,  ascended  it  and  were  on  the  point  of  commencing  work, 
when   they  heard   a   voice   of  thunder,  which   said:  "Do  not  take 
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away  the  silver  of  this  mountain,  for  it  is  for  other  owners."  They 
returned  to  their  king,  and  referred  to  the  mountain  as  "  the  moun- 
tain of  great  noises,"  or  "  thunder,"  called  in  the  Quichua  language 
"P<^to9si."  This  legend  gave  the  name  to  the  mountain  and  had 
no  doubt  its  origin  in  the  terrific  thunder-storms  which  play  around 
the  summit  of  the  Cerro. 

Discovery  of  the  Moimtamof  Potosi,  1545.— The  Quichud  Indian, 
Diego  Guallca,  a  native  of  Chunvivillca,  near  Cuzco,  and  a  serf  of 
Captain  Juan  de  Villarroel,  a  miner  of  Porco,  a  mining-center,  situ- 
ated 15  leagues  from  Potosi,  is  said  to  have  been  in  search  of  some 
lost  llamas,  and  to  have  ascended  the  side  of  the  mountain.  Night 
overtaking  the  Indian,  and  the  night  being  very  cold,  he  made  a  fire 
with  hay  and  small  twigs,  and  slept  on  the  mountain.  The  follow- 
ing morning,  the  rock  below  the  ashes  of  his  fire  had  melted,  and  a 
"river"  of  molten  silver  had  formed.  Guallca  took  some  of  the 
ore,  returned  to  Porco,  and  there  melted  it  and  revealed  his  secret 
to  Gnanca,  who,  in  turn,  told  Captain  Juan  de  Villarroel,  the  miner 
above  mentioned.  The  mines  of  Porco  had  been  worked  for  many 
centuries  by  the  incas,  or  kings,  of  the  Quichuas.  The  writer 
has  there  seen  tunnels,  hundreds  of  yards  in  length,  cut  in  the  trachyte 
rock  of  the  mountain  by  knives  or  chisels,  and  straighter  and  more 
perfect  and  true  than  can  to-day  be  made  by  the  use  of  powder.  Sys- 
tematic mining  was  carried  on  by  the  incas.  The  ores  of  the  Porco 
mines  were  galena,  blende,  ruby  silver  and  other  silver  minerals;  and 
the  incas  extracted  the  silver  by  smelting  the  ore,  cupelling  the  re- 
sulting bullion,  and  returning  the  litharge  for  further  smelting. 
Large  slag-dumps  still  attest  to  the  former  mining  activity. 

In  December,  1545,  eleven  months  after  the  discovery  of  the 
Potosi  deposits  by  the  Indian,  Guallca,  the  mining  captains  Juan 
de  Villarroel,  Santandia,  Diego  Centefio  and  Pedro  Cotamito  com- 
menced regular  work  on  the  mountain.  Some  of  their  names  are 
found  to  this  day  preserved  among  the  veins  and  mines  of  the 
district. 

Historical. — The  first  vein  was  registered  in  April,  1545.  From 
a  letter  written  by  Calderon  de  Salcedo  to  the  king  of  Spain,  and 
from  other  manuscripts,  it  is  certain  that  the  mountain  produced 
between  1545  and  1572  surface-ores  of  great  richness,  native  silver 
and  chlorides  yielding  25  per  cent,  of  silver.  All  these  ores  were 
treated  by  smelting  in  small  furnaces,  called  "guairachinas."  These 
furnaces  are  undoubtedly  the  same  as  those  which  had  been  iorraerly 
used  at  Porco  by  the  incas.     The  manner  of  procedure  was  to  mix 
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the  ore  with  litharge  and  charcoal,  smelt  it  in  a  small  shaft-fur- 
nace, and  cupel  the  silver-lead  produced.  Blast  was  not  used,  but 
the  furnace  turned  in  the  direction  of  the  wind.  The  friar,  Joseph 
de  Acosta,  estimates  that  $250,000,000  were  produced  in  this  way 
between  1545  and  1572,  or  nearly  $10,000,000  a  year. 

In  1556,  the  Spanish  government  imposed  a  duty  on  the  silver 
extracted  from  'the  ores  ;  but  naturally  the  amount  of  duty  col- 
lected does  not  give  a  true  measure  of  the  total  silver  extracted  from 
the  mines,  for  all  the  silver  used  for  the  manufacture  of  ecclesias- 
tical ornaments,  articles  of  domestic  use,  and  much  that  was 
smuggled  away,  escaped  duty.  However,  the  duty  paid,  and  of 
which  records  were  found,  would  seem  to  show  an  annual  produc- 
tion of  about  $4,000,000   per  year,  during  246  years. 

In  1572,  the  duties  paid  to  the  Crown  had  fallen  off  very  seriously, 
owing  to  the  fact  that  the  rich  surface-ores,  susceptible  of  smelting, 
had  been  exhausted.  The  Spanish  government  dispatched  a  new 
viceroy,  named  Toledo,  to  increase  the  production  and,  incidentally, 
the  revenue;  and  he,  with  the  help  of  Don  Pedro  Fernandez  de  Ve- 
lasco,  introduced  the  "  Patio "  process.  This  process  is  supposed 
to  have  been  invented  only  15  years  before,  in  the  year  1557,  by 
Bartolome  Medina,  a  miner  of  Pachuea,  Mexico.  The  viceroy, 
Toledo,  collected  Indians  from  all  parts  of  Peru,  to  be  employed  as 
slaves  in  carrying  on  the  work.  The  Crown  of  Spain  at  that  time 
not  only  imposed  a  government  duty  on  tiie  silver  extracted,  but  ali^o 
sold  to  the  haciendas  the  necessary  quicksilver,  which  was  produced 
in  large  quantity  from  the  mines  of  Guancavelica,  Peru. 

In  1599,  great  complaints  were  made  that  it  was  difficult  to  find 
rich  ores  easy  of  access,  and  that  the  poor  ore  yielded  no  profit. 

In  1618,  the  Miners'  Corporation  addressed  the  king  of  Spain, 
praying  for  a  reduction  of  duties.  It  represented  that  the  ores 
then  yielded  at  the  rate  of  52  ounces  of  silver  per  ton. 

In  1621,  large  reservoirs  for  supplying  the  stamping- and  amalga- 
mating-works  with  power  and  water  were  completed.  These  reser- 
voirs are  used  to  the  present  day,  although  many  of  them  are  now 
in  poor  condition.  One  hundred  and  thirty-six  reduction-establish- 
ments are  said  to  have  been  in  operation  in  1621. 

In  1623,  the  bloody  civil  war  in  Spain  between  the  Basques  and 
Andalusians  extended  to  Potosi,  and  caused  the  abandonment  of 
many  mines. 

On  the  3d  of  March,  1626,  during  the  rainy  season,  the  dam  of 
one  of  the  reservoirs  gave  way,  and  the  liberated  flood  of  water  de- 
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stroyed  nearly  all  the  reduction-works,  causing  a  loss,  according 
to  Salccdo,  of  over  .$10,000,000.  The  Spanish  government  assisted 
the  mining  operations  with  a  loan;  and  in  1633  the  mines  are  said 
to  have  recovered  to  some  extent  from  the  effects  of  the  disaster. 
The  chief  revenue  was  still  derived  from  the  superficial  deposits, 
yielding  about  50  ounces  to  the  ton. 

In  1636,  the  mining  corporation  again  sent  an  address  to  the  king 
of  Spain.  There  were  one  hundred  and  thirty  establishments,  each 
having  a  capacity  of  40  to  50  tons  of  50-ounce  ore  per  week ;  thus 
showing  a  productive  capacity  at  the  rate  of  over  12,000,000  ounces 
per  annum.  The  corporation  again  complained  of  small  profits. 
It  represented  that  there  were  70,000  Indians  in  Potosi,  of  whom 
4707  had  been  allotted  for  working  in  the  mines,  but  that  only 
1500  really  went  regularly  to  work.  At  this  time  the  annual  ex- 
penditure on  law-suits  was  said  to  have  been  $200,000.  Some  of 
the  papers  of  these  law-suits  are  still  in  existence,  and  give  a  very 
exact  history  of  the  condition  of  the  mining  industry. 

It  is  on  record  that  in  1660  one  Brigadier  Monies,  owner  of  the 
Guaillahuasi  Mine,  lost  a  suit  brought  by  Esteves,  owner  of  the 
Flamencos  mine.  Montes  had  cross-cut  from  the  Guaillahuasi  to  the 
Flamencos  vein,  below  the  workings  of  Esteves,  and  claimed  to  be 
working  another  vein.  The  report  says  that  six  hundred  men  were 
at  that  time  at  work  extracting  1 50-ounce  ore  for  Montes.  When 
the  suit  was  decided  against  Montes  he  is  said  to  have  destroyed  the 
mine.  Be  that  as  it  may,  neither  the  Flamencos  nor  the  Guailla- 
huasi mine  have  been  worked  for  over  a  century,  although  both  are 
claimed  to  be  among  the  richest  on  the  mountain.  It  appears  from 
this  law-suit  that  considerable  depth  had  been  attained  by  the  mines 
of  that  period,  and  that  the  ridiculous  law  of  following  a  vein, 
which  then  held  good  in  all  Spanish-America,  and  still  obtains  in 
the  United  States,  was  even  then  resulting  in  interminable  legal 
controversies. 

In  1690  Quiroga  worked  the  Cotamitos  mine.  Quiroga  is  on  record 
as  having  paid  $21,000,000  for  his  fifth,  or  duty,  to  the  Crown  of 
Spain.  From  the  great  profits  which  he  derived  from  the  mine  he 
built  the  Cathedral  of  San  Francisco  in  the  City  of  Potosi,  and 
there  his  remains  lie  bunied. 

In  1693  the  production  of  the  mines  began  to  fall  off  very  con- 
siderably. Count  Camillo  says  that  the  government  allotted  Indians 
to  less  than  one  hundred  reduction-establishments. 
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In  1712  Peru  was  ravaged  by  a  fatal  epidemic  which  destroyed 
many  of  the  Indians. 

In  1739  the  tax  on  the  production  of  silver  was  reduced  from  20 
to  10  per  cent. 

In  1759  a  very  full  report  was  presented  to  the  king  of  Spain  by 
the  Miners'  Corporation.  This  report  declares  that  the  veins 
varied  in  width  from  a  knife-edge  to  several  yards ;  that  the  works 
on  these  veins  had  attained  the  depth  of  many  hundred  yards ;  that 
the  deepest  mines  were  becoming  obstructed  by  water  and  want  of 
air  ;  and  that  the  adits  and  shafts  formed  a  complete  labyrinth  not 
understood  by  anybody.  In  the  upper  third,  or  three  hundred 
yards,  of  the  height  of  the  mountain,  there  was  no  vein  which 
had  not  been  worked.  In  the  Mendieta  vein  three  hundred 
Indians  and  two  miners  were  buried  alive  in  a  rich  part  of  the 
mine,  which  had  never  since  been  reopened.  From  these  causes 
the  miners  were  quite  unable  to  follow  the  veins  in  depth  :  "a  great 
misfortune  and  drawback  to  the  community,  because  the  deepest  ores 
are  commonly  the  richest."  The  reporter  mentions  the  Cotamitos 
vein  as  presenting  the  lowest  workings.  ''And  from  this,"  says  he, 
"  metal  was  taken  in  1720  like  fringes  of  solid  white  silver,  without 
any  tarnish,  and  some  of  the  finest  kind  of  sulphides." 

This  is  the  first  reference  we  have  in  any  of  the  official  reports  to 
the  working  of  sulphides.  At  that  time  the  "  pacos,"  or  decomposed 
ores,  were  referred  to  as  "  a  miserable  resource ;"  and  it  is  evident 
that  they  were  practically  exhausted. 

Sulphides  have  certainly  been  worked  in  Potosi  since  the  year 
1609,  and  probably  a  considerable  time  before  that  date;  and  the 
stories  that  have  been  told  ?ibout  the  inability  of  the  ancient 
Spanish  miners  to  reduce  sulphides  are  not,  in  the  author's  opinion, 
based  on  facts.  It  is  quite  probable  that  the  proportion  of  silver 
extracted  was  not  as  great  as  now,  although  even  this  is  doubtful ; 
but  there  is  no  doubt  whatever  that  the  oft-repeated  assertion 
that  the  ancient  Spanish  miners  stopped  mining  on  reaching  sul- 
phides is  a  mistake.  The  Cure  Alvaro  Alonso  de  Barba,  of  the 
parish  San  Bernardo,  near  Potosi,  in  his  work  Del  Arte  de  los  Mdcdes, 
published  in  1640,  describes  a  process  of  treating  rebellious  ores 
by  means  of  cooking  in  a  copper  vessel,*  which  is  the"Fondo" 
process  still  universally  used  throughout  Bolivia. 

The  following  is  the  quaint  language  in  which  he  describes  his 
discovery:  "  In  the  year  1609,  residing  in  Tarabuco,  a  town  in  the 
province  of  Charcas,  eight  leagues  from  the  City  of  Silver  (Potosf), 
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wanting  to  experiment  with  a  method  of  fixing  quicksilver  in  a  dish 
or  vessel  of  iron,  and  not  having  such  a  vessel,  I  used  one  of  copper. 
Not  having  the  expected  result,  I  put  in  several  materials,  and 
amongst  others,  ground  silver-ore,  with  the  notion  that  the  mineral 
virtue  of  the  stone,  with  the  heat  and  humidity  of  the  cooking, 
would  be  of  importance  for  my  undertaking.  At  the  end  of  the 
exj)eriment  I  extracted  a  small  quantity  of  silver  amalgam  and 
silver,  which  at  first  much  surprised  me  ;  but  my  astonishment  ceased 
when  I  found  that  the  silver  collected  by  the  quicksilver  had  come 
from  the  ore,  and  not  from  the  quicksilver  which  had  in  part  been 
transmuted.  I  remained  very  content  with  this  new  and  quick 
method  of  beneficiating  ores ;  and  from  that  day,  by  reflection  and 
continuous  experiments,  I  have  much  improved  it,  using  it  and 
allowing  it  to  be  publicly  known  without  making  a  mystery  about 
it  or  reserving  for  me  alone  this  or  other  secrets,  etc.  No  one  taught 
it  (the  process)  to  me,  and  1  know  of  no  author,*either  ancient  or 
modern,  who  has  mentioned  it.  The  Royal  Court  of  La  Plata  has 
therefore  granted  me  an  exclusive  right,  so  that  no  one,  without  my 
license,  can  use  this  method  of  beneficiating  ores.  With  some  reser- 
vations, which  in  the  chapters  that  follow  will  become  manifest, 
I  have  permitted  every  one  to  practice  it  without  any  profit  to 
myself." 

A  somewhat  imperfect  translation  of  a  part  of  Barba's  work  is  to 
be  found  on  page  656  of  I*evcy's. 3l€taUurgy — Silver  and  Gold.  It  is 
there  erroneously  called  the  Cazo  or  Caldron  process.  In  Chapter  iv. 
of  his  book,  Barba  calls  the  vessels  in  which  the  operation  is  carried 
out  •*  Fondos, '  and  they  still  retain  this  name  in  Potosi  and  in  all 
of  Bolivia  and  Peru  where  the  process  is  still  practiced.  Barba 
distinctly  refers  to  the  treatment  of  sulphuretted  ores  of  silver, 
or  "  negrillos,"  and  gives  extensive  and  exact  instruction  as  to  the 
method  of  roasting  them  before  treating  in  the  fondo.  This 
description  is  so  minute,  that  it  is  of  value  even  at  this  late  date. 

In  Book  iv.  of  his  treatise,  Barba  also  describes  at  length  the 
smelting  of  ores  in  blast-furnaces  as  then  carried  out ;  and  it  must  be 
said  that  absolutely  no  improvement  has  been  made  in  such  smelt- 
ing from  that  day  to  this,  excepting  only  the  increase  in  the  size 
of  furnace  and  the  mechanical  improvements  for  doing  the  work. 
The  chemical  principles,  if  not  understood,  were  practically  known 
at  that  date. 

Returning  again  to  the  year  1759,  we  find  that  complete  surveys 
were  made  at  that   time,  and  it  was  proposed  that  an  adit  should 
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be  commenced  at  the  expense  of  the  government,  in  order  to  cut  the 
veins  of  the  Cerro  de  Potosi  in  depth,  and  to  ventilate  and  drain 
the  whole  mountain.  The  plan,  however,  was  never  executed, 
as  the  tunnel  proposed  would  have  been  3000  yards  long,  and  the 
expense  and  time  required  appeared  prohibitory.  There  were  in  1759 
only  55  reduction-establishments  at  work  ;  and  the  annual  produc- 
tion did  not  exceed  $2,500,000. 

In  1778  a  renewed  attempt  was  made  by  Escovedo,  then  governor 
of  Potosi,  to  reach  the  veins  by  means  of  a  deep  adit.  The  work 
was  continued  until  1790,  when  1000  yards  had  been  driven. 

In  1790,  the  Baron  von  Nordenpflicht,  a  Saxon  mining  engineer,  "j 
employed  by  the  king  of  Spain,  arrived  in  Potosi  with  a  large  staff 
of  scientific  men.  He  suspended  the  work  commenced  by  Escovedo, 
and  advised  the  continuance  of  the  Royal  Tunnel  or  "Real 
Socavon,"  which  had  been  previously  worked  by  a  miner  named 
Berrios.  This  adit  runs  almost  parallel  with  the  veins,  from  the 
north  face  towards  the  center  of  the  mountain,  2250  feet  below  the 
summit. 

In  1794  the  last  Governor  of  Potosi,  Francisco  de  Paula  Senz, 
described  the  mines  as  in  a  very  bad  condition,  all  shafts  filling 
with  water  when  they  had  reached  the  depth  of  80  yards. 

In  1799  the  Miners'Corporation  again  addressed  the  king  of  Spain. 
There  were  only  35  reduction-establishments  at  work,  and  7970 
Indians,  2943  slaves  and  5027  free  workmen  were  employed.  There 
were  still  pacos  to  be  had  in  the  middle  of  the  mountain,  if  the  mines 
were  made  accessible;  but  to  reach  the  negrillos  and  deeper  parts, 
it  would  be  absolutely  necessary  to  finish  the  Real  Socavon. 

In  1807  Potosi  was  visited  by  Anthony  Zacariah  Helms,  a  director 
of  the  mines  near  Cracow,  Poland.  He  refers  to  the  mines  as  full 
of  water,  and  suggests  the  employment  of  skilful  men  to  erect  ma- 
chinery for  the  purpose  of  draining  them  to  the  bottom.  He  writes : 
"  As  soon  as  the  water  in  the  pits  can  be  got  out,  the  mines  of 
Potosi  will  be  in  a  more  flourishing  condition  than  ever."  In 
speaking  of  the  Guaillahuasi  level,  which  he  "had  been  able  to 
inspect,"  he  says:  "A  hundred  years  before  it  led  to  many 
rich  veins  of  ruby  and  gray  silver-ore,  but  as  they  had  no  proper 
machinery  the  pits  filled  with  water."  He  adds:  "  We  found  on 
the  conduit  good  gray  and  other  silver-ores  mixed  with  other 
materials,  which,  by  proper  management,  might  yield  the  pr()j)rietors 
a  considerable  quantity  of  metals;  but  it  would  be  still  more  to  their 
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advantage  if  they  employed  skilful  men  to  erect  machinery  for  the 
purpose  of  clearing  the  bottom  of  the  mines  from  water." 

In  1809  the  War  of  Independence  broke  out,  and  Potosi  became 
for  many  years  one  of  the  principal  centers  of  the  struggle  ;  it  was 
repeatedly  taken  and  pillaged.  This  was  the  end  of  successful 
mining  in  the  Cerro  de  Potosi,  until  recent  times. 

From  1800  to  1809  the  product  had  been  $32,000,000,  or  over 
$3,000,000  per  annum. 

In  1825  an  English  com])any  sent  out  a  vessel  loaded  with 
machinery  to  open  the  mines  of  Potosi;  but  the  panic  of  1826 
coming  on,  the  machinery  was  abandoned  on  the  coast  and  never 
reached  Potosi.  Since  that  day  a  number  of  local  companies  have 
attempted  to  work  the  mines,  but  none  of  them  with  sufficient 
capital  to  reopen  the  old  workings.  Mining  was  still  carried  on  in 
a  desultory  fashion  near  the  surface  in  small  veins  overlooked  by 
the  ancients;  but  the  great  veins  which  had  formerly  made  the 
mountain  famous  remained  unopened  until  two  years  ago,  when  the 
writer,  after  spending,  as  before  said,  over  half  a  million  dollars, 
succeeded  in  unwatering  the  Cotamitos  mine,  and  encountered  a 
pay-chute  averaging  60  ounces  from  wail  to  wall  of  the  vein. 

The  Royal  Tunnel  or  Real  Socavon,  also  above  referred  to,  has  been, 
under  the  writer's  management,  completely  cleaned  out,  rails  have 
been  laid  in  the  tunnel  and  compressed  air-drills  introduced.  Several 
long  cross-cuts  to  the  east  have  been  run ;  and  the  last  reports  are 
that  rich  ore  has  been  discovered  in  one  of  these  cross-cuts,  selected 
specimens  assaying  700  ounces  per  ton.  This  tunnel  is,  at  an  aver- 
age, 500  feet  below  the  lowest  point  reached  by  the  old  miners ; 
they  having  penetrated  to  a  maximum  depth  of  1700  feet  from  the 
croppings  with  absolutely  no  other  means  of  extracting  water  and 
ores  than  on  the  backs  of  their  Indian  slaves. 

A  more  detailed  account  of  the  results  of  the  last  few  years' 
work  in  Potosi  will  be  given  below. 

Geology. 

The  "  Cerro  Rico  de  Potosi,"  or  Rich  Mountain  of  Potosi,  rises 
16,000  feet  above  sea-level,  in  latitude  19  degrees,  22  minutes 
south;  longitude,  65  degrees,  32  minutes  west,  and  about  three 
hundred  miles  east  of  Cobija,  on  the  Pacific  Ocean.  It  is  part  of 
the  mountain  range  that  forms  the  eastern  boundary  of  the  great 
table-land  of  Bolivia,  the  average  altitude  of  the  latter  being  12,500 
feet.     The  waters  descending  the  sides  of  the  mountain  finally  enter 
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the  affluents  of  the  Rio  de  la  Plata,  reaching  the  sea  at  Buenos, 
Ayres,     It  is  therefore  located  on  the  eastern  watershed,  although 
now   most  readily  approached  from  the  west  coast. 

Leaving  the  dioritic  eruptive  rocks  which  form  the  immediate 
shore  of  the  Pacific,  the  geologist  at  once  encounters  Jurassic  rocks, 
which  extend  to  the  summit  of  the  first  or  western  range  of  the 
Cordillera.  This  is  composed  entirely  of  modern  eruptive  rocks, 
having  an  average  width  of  100  miles,  and  containing  many  enor- 
mous active  volcanoes  reaching  a  height  of  over  20,000  feet.  Pass- 
ing through  the  defiles  of  the  volcanoes  the  great  table-land  of 
Bolivia  is  reached,  which  is  composed  almost  entirely  of  Jurassic 
and  Cretaceous  shales  and  sandstones,  with  a  few  beds  of  lime- 
stone and  occasional  local  Carboniferous  measures.  All  over  the 
great  plateau,  vast  masses  of  what  the  writer  has  determined,  micro- 
scopically, to  be  dacite  are  encountered.  It  has  been  described  as 
trachyte  by  David  Forbes.  These  great  masses  have  evidently  been 
ejected  from  long  fissures.  They  have  a  uniformly  level  surface,  and 
are  often  covered  with  glistening  sand,  the  product  of  their  decom- 
position. At  the  eastern  edge  of  the  plateau  many  and  various 
eruptive  rocks  are  met  with,  but  principally  andesites  and  rhyolites. 
Still  further  to  the  east  Silurian  slates  are  encountered.  It  has  been 
shown  by  David  Forbes,  who  examined  the  northern  part  of  Bo- 
livia, that  the  great  ice-capped  range  of  mountains  extending  from 
Illimani  to  Llampo,  the  enormous  glaciers  of  which  feed  the  head- 
waters of  the  Amazon,  are  of  Silurian  age  :  Forbes  failed  to  find  erup- 
tive rocks  in  these  great  mountains,  among  the  highest  in  the  world. 
The  eruptive  rocks  in  northern  Bolivia  are  not  encountered  till  the 
western  flanks  of  the  mountains  or  the  table-land  are  reached. 
Further  south,  however,  in  the  district  examined  by  the  writer,  in 
the  latitude  of  Sucre,*  the  capital  of  Bolivia,  the  backbone  of  the 
continent  is  composed  of  great  peaks  of  eruptive  rocks  18,000  to 
20,000  feet  high,  and  the  Silurian  slates  are  generally  confined  to  the 
east  flank  of  these  mountains.  The  water  from  all  these  great  peaks 
enters  the  Rio  de  la  Plata;  while  the  water  from  the  great  range  of 
enormous  glaciers  in  the  northern  part  of  Bolivia  enters  the  Amazon 
river.  It  is  in  the  eruptive  rocks  which  penetrate  the  table- land  of 
Bolivia  that  all  the  valuable  silver-mines  are  situated. 

Some  twenty  specimens  of  the  eruptive  rocks  of  Bolivia  have 
been  examined  under  the  microscope   by  Mr.  James  P.  Iddings,  of 

*  Also  called  Cluujiiisaca  and   La  I'lata. 
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tlie  United  States  Geological  Survey,  and  also  by  Mr.  F.  J.  H. 
Merrill.  The  writer  can  do  no  better  than  quote  from  the  report  of 
Mr.  Iddings: 

"  The  twenty-one  thin  sections  appear  to  come  from  a  closely- 
related  series  of  eruptive  rocks.  Nearly  all  of  them  are  character- 
ized by  porphyritic  crystals  of  quartz,  feldspar  and  biotite,  with  com- 
paratively large  microscopic  crystals  of  dusted  apatite.  In  some  of 
the  sections,  there  is  much  sanidine,  or  orthoclase,  but  in  most  of 
them  it  is  not  so  abundant  as  the  plagioclase.  In  several  sections, 
quartz  occurs  in  small  quantities ;  and  in  one  thin  section  it  is 
entirely  absent.  This  section  carries  considerable  hornblende. 
Mineralogically,  therefore,  they  range  from  qnartz-orthoclase-bio- 
tite  rocks,  with  some  plagioclase,  to  quartz-plagioclase-biotite  rocks, 
and  in  one  instance  to  a  hornblende-biotite-plagioclase  rock.  This 
mineralogical  variation  might  take  place  in  a  single  body  of  rock. 
In  such  a  case,  those  variations,  which  form  but  a  small  portion  of 
the  whole,  would  be  called  mineralogical  facies  of  the  predominant 
rock,  etc." 

With  due  allowance  for  the  exact  location  of  the  specimens  in  the 
field  and  their  relative  occurrence,  a  series  of  results  were  obtained, 
which  are  recorded  in  the  geological  map  accompanying  this 
paper. 

All  the  principal  mining  camps  now  worked  in  Bolivia,  appear 
to  be  in  either  rhyolite  or  dacite,  generally  the  latter.  Such  is  the 
case  with  the  great  Huanchaca  mine,  and  also  with  the  no  less 
remarkable  mines  of  Colquechaca  ;  while  the  Oruro  mines  are  also 
probably  in  dacite,  although  some  of  the  specimens  seem  to  leave  a 
doubt,  and  possibly  there  has  also  been  an  eruption  of  rhyolite  at 
Oruro. 

With  reference  to  the  Potosi  district,  the  examinations  have  been 
so  conclusive  that  there  is  no  room  for  doubt  as  to  the  proper  nnme 
of  the  eruptive  rocks.  It  is  a  peculiarity  of  all  the  eruptive  rocks 
of  Bolivia,  that,  almost  invariably,  they  contain  angular  fragments 
of  the  sedimentary  rocks  through  which  they  have  forced  their  way  ; 
and  it  is  a  further  peculiarity  that  near  the  line  of  contact  of  erup- 
tive and  sedimentary  rocks  these  fragments  increase  in  frequency, 
until  in  places  a  veritable  conglomerate  of  the  eruptive  and  the  sedi- 
mentary rocks  has  been  formed.  Precisely  to  what  cause  this  phe- 
nomenon can  be  traced,  the  writer  is  at  a  loss  to  say,  unless  it  be 
that  the  sedimentary  rocks  of  Bolivia,  at  the  time  of  these  erup- 
tions, were  still  in  a  comparatively  soft  and  friable  condition. 
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On  the  accompanying  map  of  the  Cerro  de  Potosi,  the  sedimentary 
rocks  have  been  marked,  as  definitely  determined  by  fossils  found  in 
all  of  them,  with  the  single  exception  of  the  Jurassic  formation. 
Forbes  claims  to  have  proved  these  rocks  to  be  Jurassic,  and  he  has 
so  marked  them  in  his  geological  map  of  Bolivia,  and  they  certainly 
are  an  exact  counterpart  of  the  Jurassic  rocks  further  to  the  north. 
The  Silurian  rocks  do  not  appear  on  the  maps  of  the  Cerro,  but  are 
encountered  20  miles  to  the  east  of  the  mountain,  at  or  near  the 
town  of  Keysa. 

To  Mr.  Frederick  A.  Canfield  belongs  the  honor  of  finding  the 
Tertiary  fossils  upon  the  Cerro  de  Potosi.  They  had  been  overlooked 
by  all  previous  engineers,  even  by  scientific  men,  like  the  Messrs. 
Franeke,  who  have  been  familiar  with  the  Cerro  for  many  years. 
The  description  of  Tertiary  fossils  from  the  Cerro,  published  by  H^ 
Engelhart,  on  page  36  of  Abhandlungen  der  Naturwissenschaft- 
lichen  Gesellschaft  Isis,  in  Dresden,  1887,  is  erroneous  in  giving  the 
honor  of  this  discovery  to  Mr.  Franeke.  The  writer  gave  these 
fragments  of  fossils  to  that  gentleman.  A  large  collection  of  these 
fossil  plants  is  now  in  the  hands  of  Prof.  N.  L.  Britton,  who  will 
describe  them  at  length  in  a  separate  paper.  Prof.  Britton  writes 
me  as  follows  about  them  : 

"  The  collection  comprises  some  200  sjjecimens  of  leaves,  fruits 
and  fragments,  representing  about  25  ditferent  species.  All  appear 
to  belong  to  living  genera  and  probably  some  of  them  to  living 
species  existing  in  other  parts  of  the  Andes  at  the  present  day.  All 
these  facts  point  to  the  deposit  being  of  recent  Tertiary  age.  Among 
the  genera  represented  are  Cassia,  Amieia  and  Sweetia  of  the 
Leguminosse;  Loraatia  of  the  Proteacese,  and  Dodoruea  of  the 
Sapidacese," 

These  fossils  are  of  great  importance,  as  proving  that  the  eruption 
not  only  of  the  Cerro  de  Potosi,  but  of  all  of  the  eruptive  rocks  of 
this  part  of  South  America,  has  been  po.s^Tertiary,  not  post-Jurassic 
and  pre-Tertiary,  as  supposed  by  Forbes  and  d'Orbigny,  who  have 
studied  the  geology  of  Bolivia.  The  fossils  that  characterize  the  up- 
per Cretaceous  rocks  were  discovered  by  the  writer,  and  the  remark- 
able Silurian  or  Devonian  fossils,  described  and  illustratetl  in  the 
annexed  very  complete  paper  by  Prof.  R.  P.  Whitfield,  came  from 
the  range  of  rocks,  25  miles  to  the  east  of  the  Cerro  de  Potosi, 
which  range  extends  along  the  whole  flank  of  the  Cordillera.  Tiie 
orthocera  were  found  near  the  town  of  Quechisla,  on  the  flanks  of 
the  great  mountain  of  Chirolque,  close  to  where  the  l)ismutli-mincs 
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are  situated,  and  the  brachiopod  near  the  road  to  the  town  of  Sucre. 
From  the  structure  of  the  stratified  deposits  around  Potosi,  it  is  evi- 
dent that  the  mountains  of  Chalviri,  composed  entirely  of  one  vast 
eruption  of  andesite,  lifted  the  measures  and  left  them  in  their 
present  condition.  Subsequently,  the  rhyolite  of  the  Cerro  de  Po- 
tosi cut  its  way  through  and  across  these  measures,  and  in  so  doing 
almost  destroyed  the  fine-grained  Tertiary  sandstone  which  adjoins 
the  rhyolitic  eru|)tion.  According  to  Prof.  J.  S.  Newberry,  whose 
able  help  in  the  preparation  of  the  geological  map  I  take  pleasure 
in  acknowledging,  these  Tertiary  measures  are  undoubtedly  a  small 
local  basin.  I  have  found  no  similar  measures  anywhere  in  Bolivia. 
Subsequent  to  this  eruption,  the  great  mass  of  conglomerate  material 
at  the  contact  of  the  eruptive  and  sedimentary  rock,  must  have  had 
time  to  become  completely  hardened  and  form  a  solid  rock  before  the 
fissures  were  opened  which  were  subsequently  filled  by  the  vein -matter. 
These  fissures  have  a  general  north  and  south  strike,  and  seem  to  ra- 
diate from  a  point  down  in  the  center  of  the  mountain,  almost  like 
the  veins  of  a  palm-leaf  fan.  No  doubt,  they  have  a  common 
origin.  They  cut  indiscriminately  through  the  rhyolite,  the 
Tertiary  sandstone,  whether  lying  flat  or  at  a  steep  angle,  the 
rhyolitic  conglomerate,  and  the  Jurassic  shales  and  sandstone.  They 
form  true  fissure-veins,  in  every  sense  of  the  word,  and  sometimes 
have  a  banded  structure.  The  limit  of  the  fissures  to  the  north  seems 
to  be  the  edge  of  the  glacial  drift;  to  the  south,  their  boundary  seems 
to  be  on  the  south  flank  of  the  })rincipal  rhyolite  mountain  or  Cerro 
de  Potosi.  They  "do  not  extend  into  the  southern  peak,  which  is  a 
portion  of  the  same  rhyolite  eruption,  and  is  in  part  composed  of 
rhyolitic  ash.  The  mountains  of  Chalviri  and  Kari  Kari,  composed, 
as  above  stated,  entirely  of  andesite,  average  from  1500  to  2000  feet 
higher  than  the  Cerro  de  Potosi,  and  were  formerly  the  home  of 
some  enormous  glaciers  which  formed  the  magnificent  moraines 
shown  on  the  geological  map.  It  is  an  open  question  in  the  mind  of 
the  writer,  to  what  cause  can  be  ascribed  the  disappearance  of  these 
glaciers,  whether  to  a  general  lowering  of  the  elevated  table-land,  or 
to  a  climatic  change.  In  the  north  of  Bolivia  the  great  glaciers  of 
Illimani  and  Llampo  begin  at  an  elevation  of  about  18,000  feet, 
the  mountain  range  itself  having  an  average  elevation  of  perhaps 
23,000  feet,  and  the  peaks  rising  to  much  greater  height.  The  Chal- 
viri mountains  have  a  present  maximum  elevation  of  about  18,000 
feet ;  but  the  ancient  glaciers  reached  down  to  about  15,000  feet  above 
sea-level.     I  think  it  very  likely  that    the    disappearance  of  the 
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glaciers  must  be  traced  to  a  complete  change  of  climate.  It  is 
known  that  the  great  plateau  of  Bolivia  formerly  held  an  enormous 
inland  sea,  many  hundred  miles  in  length  and  extending  south  as  far 
as  the  mountains  of  Lipes,  and  north  past  the  laguna  of  Poopo  to 
Lake  Titicaca.  On  the  wagon-road  from  Huanchaca  to  the  Pacific, 
the  sides  of  the  mountains  still  show  the  lines  of  the  old  lake,  and 
a  fresh-water  lime  deposit,  in  the  former  bed  of  the  lake,  now  the 
bottom  of  the  great  plain,  gives  further  evidence  of  the  vast  extent 
and  depth  of  this  inland  sea.  Can  it  be  that  to  the  disappearance 
of  this  great  sea  may  be  traced  the  change  in  climate  and  disappfear- 
ance  of  the  glaciers  ? 

The  great  moraines  near  Potosi  are  such  a  striking  feature  in  the 
landscape  that  attention  is  at  once  called  to  them ;  but  a  close  ex- 
amination of  the  table-land  of  Bolivia  proves  the  recurrence  all 
over  the  southern  half  of  Bolivia,  the  part  examined  by  the  writer, 
of  large  moraines,  proving  the  existence  of  a  glacial  period  for  all 
this  part  of  South  America.  Large  moraines  are  found  100  miles 
south  of  Potosi  in  the  Huanchaca  mountains,  and  they  are  also  re- 
ported 100  miles  north  of  Potosi,  near  Colquechaca. 

The  evidence  of  the  Tertiary  fossils  proves  that  at  onetime  the  cli- 
mate of  this  part  of  South  America  was  about  the  same  as  that  of 
British  Guiana.  Now  snow  is  more  frequent  than  rain,  while  at  no 
very  distant  time  great  glaciers  covered  the  country.  It  is  a  note- 
worthy fact  that,  in  the  exceptional  climate  of  Bolivia,  the  snowfalls 
occur  in  summer,  which  is  the  rainy,  or,  perhaps  more  correctly 
speaking,  snowy  season.  In  winter  the  air  is  so  dry  that  only  an 
occasional  passing  storm  precipitates  any  moisture. 

To  this  almost  entire  aUsence  of  moisture  is  due  the  bleak  and 
sterile  aspect  of  the  mountains.  Not  a  tree  is  to  be  seen  in  any  di- 
rection ;  rocks  and  glistening  sand  meet  the  eye  of  the  weary  trav- 
eller, and  only  in  the  narrow  valleys,  where  irrigation  moistens  the 
soil,  can  vegetation  be  found.  Even  there  the  vegetation  is  of  the 
sparsest  description,  and  the  vegetables  of  the  temperate  zone  do  not 
thrive.  About  the  only  grain  which  will  grow  is  barley,  and 
this  crop  is  sometimes  a  faihire.  The  price  of  barley,  including  the 
straw,  which  is  fed  to  the  mules  and  other  stock,  is  generally  §20 
per  ton,  sometimes  much  higher.  The  mining  towns  of  the  great 
table-land,  therefore,  have  to  depend  almost  entirely  on  food  brought 
either  from  the  valleys  to  the  east,  or  from  the  west  coast. 

The  Cerro  de  Potosi,  seen  from  the  city  on  the  north,  forms  an 
almost  perfect  cone,  the  upper  i)art  of  a   reddish-brown  color,  the 
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lower  part  grayish  or  bluish.  It  would  draw  the  eye  in  any  land- 
scape, but  in  Bolivia,  encompassed  as  it  is  by  legendary  lore,  it  has 
always  formed  one  of  the  great  attractions  of  the  country  and  of  the 
old  city  at  its  base.  The  view  published  herewith  is  from  a  pho- 
tograph taken  by  the  author. 

The  greatest  vein  of  the  mountain,  known  as  "  Mendieta  "  or 
"  Veta  Rica,"  crosses  the  summit  or  "  punto  "  of  the  mountain,  and, 
curiously  enough,  the  thermal  action  has  there  so  changed  the  rhyo- 
lite  that  it  is  a  practically  pure  quartz,  containing  over  95  ])er  cent, 
of  silica.  The  crystals  of  feldspar  have  been  dissolved,  and  have  left 
only  hollow  spaces  or  pseudomorphs  in  the  mass  of  quartz.  It  is 
probably  to  the  hard  *'  punto "  of  the  mountain  that  the  pyra- 
midal shape  is  due.  The  sides,  composed  of  softer  shales,  have  worn 
away,  both  by  the  action  of  water  and  of  ice,  until  the  present  shape 
was  reached.  On  the  north  side  of  the  mountain  this  action  is  very 
plain.  It  is  on  that  side  that  the  flow  of  ice  from  the  Chalviri  gla- 
ciers impinged  against  the  Cerro,  which  seems  to  have  broken  the 
river  of  ice  into  two  great  flows,  one  to  the  east  and  the  other  to  the 
west  of  the  mountain. 

Vein-Structure. 

The  developments  made  in  the  last  few  years,  and  especially  the 
accurate  surveys  made  by  Mr.  F.  A.  Canfield,  have  laid  bare  the 
whole  vein-structure  of  the  mountain  and  have  upset  many  precon- 
ceived notions.  There  has  always  been  an  idea  in  Potosi  that  the 
veins  of  the  mountains  were  of  enormous  length,  extending  from  one 
side  to  the  other.  When  a  vein  was  lost  it  was  supposed  to  have 
been  faulted ;  and  as  recently  as  twenty  years  ago  good  engineers,  and 
notably  Hugo  Reck,  who  made  a  thorough  study  of  the  mountain  at 
that  time,  laid  down  on  their  maps  great  lines  of  faults,  especially 
where  the  Mendieta,  the  principal  vein  of  the  mountain,  crosses  the 
summit  of  the  Cerro. 

Such  faults  do  not,  as  a  matter  of  fact,  exist ;  nor  do  any  long 
veins  exist;  and  to  this  fact  I  attribute  the  confusion  of  names  on 
the  Cerro.  The  truth  is  that  the  Cerro  is  crossed  from  north  to  south 
not  by  single  veins,  but  by  vein  systems,  or  what  the  Germans  call 
"  Gangziige."  Dr.  Albrecht  von  Groddeck,  in  his  book.  Die  Lehre 
von  den  Lagerstdtten  der  Erze,  classes  the  veins  of  Potosi  as  belong- 
ing to  the  same  type  as  those  of  Kremnitz,  and  this  characterization  is 
perfectly  correct.  What  is  known  as  the  Mendieta,  or  Veta  Rica, 
in  Potosi  is  not  one  vein  ;  but  these  two  fissures  and  the  veins  Cota- 


88  THE    POTOSr,    BOr.IVIA,    SILVER-DISTRICT. 

raitos,  Flamencos  and  Guaillahuasi  form  a  true  vein-series  or  "Gang- 
zug,"  and  cannot,  tiierefore,  truly  be  called  one  vein.  The  same 
holds  good  of  the  Veta  Tajo-polo,  which  is  made  up  of  at  least  four 
or  five  principal  smaller  veins  and  innumerable  branches.  It  is  a 
general  rule  in  Potosi  that  on  or  about  the  termination  of  one  vein  a 
parallel  vein  comes  in,  and  this  holds  good  very  generally  for  "  Gang- 
ziige."  It  is  this  feature,  no  doubt,  that  led  Reck  and  other  miners 
to  suppose  that  there  were  great  faults.  Some  faults  do  exist  in  the 
mountain  ;  they  have  a  general  strike  of  northeast  and  southwest, 
dip  slightly  to  the  north  and  are  very  plainly  marked,  but  they  never 
throw  the  veins  more  than  four  or  five  feet,  and  are  no  serious  im- 
pediment to  mining. 

Great  claims  have  been  made  by  the  ancients  as  to  the  width  of 
the  veins  in  the  mountain  of  Potosi,  and  if  some  of  the  excavations 
at  the  top  of  the  mountain  are  to  be  taken  as  constituting  one  vein, 
the  width  would  indeed  be  very  great — in  some  instances  over  100 
feet.  But  a  close  examination  of  these  excavations  and  of  the  vein- 
structure  in  general  proves  a  very  different  state  of  affairs.  As  is 
often  the  case  in  fissure-veins,  the  veins  of  the  mountain  of  Poto.si 
near  their  surface  are  very  much  split  up.  The  waters  carrying  the 
silver-salts  in  solution  evidently  did  not  issue  through  one  well- 
defined  fissure,  but  through  a  mass  of  shattered  rock.  The  foot- 
wall  is  fairly  well  defined,  as  a  general  rule,  but  there  is  no  precise 
limit  of  the  ore  towards  the  hanging-wall,  or  any  real  hanging-wall. 
Instead  of  a  single  strong  fissure  with  well-defined  walls,  the  veins 
practically  constitute  a  "stockwerk,"  and  such  ore-bodies  or  stock- 
werks  were  the  basis  of  the  former  great  production  of  silver  from 
the  surface,  or  decomposed  ores  of  the  Cerro.  Near  the  top  of  the 
mountain,  in  one  place,  is  a  depression  fully  100  feet  wide,  which  is 
said  to  be  the  result  of  a  great  cave  in  the  heart  of  the  mountain,  by 
which  many  miners  are  supposed  to  have  lost  their  lives.  Trust- 
worthy eye-witnesses  who,  forty  or  fifty  years  ago,  entered  some 
of  the  older  workings,  now  inaccessible,  report  great  openings 
in  the  heart  of  the  mountain,  many  hundreds  of  feet  high  and  long, 
and  40  or  50  feet  wide.  In  one  of  them  there  is  said  to  be  a  lake  of 
fresh  water.  Although  all  the  reports  in  an  old  Spanish  camp  must 
be  taken  cum  grano  satis,  the  vein-structure  proves  that  stock- 
werks  were  the  great  reliance  of  the  ancient  miners.  With  their 
slaj/e-labor  they  could  afford  to  take  out  large  masses  of  low-grade 
ore  and,  by  careful  assorting,  select  the  small  part  that  was  rich 
enough  to  work. 
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The  sides  of"  the  mountain  of  Potosl  are  covered  from  top  to 
bottom,  witli  enormous  accumulations  of  "desmontes,"  or  what 
we  call  the  "rock-dump" — the  waste  from  the  mines.  These 
"desmontes"  have  evidently  all  been  broken  to  an  almost  uni- 
form size  in  selecting  the  ore  therefrom.  Even  to  this  day,  Indian 
women  ascend  the  mountain  and  cull  the  "desmontes,"  selecting 
small  pieces  of  ore,  generally  not  larger  than  a  ten-cent  piece,  that 
have  an  assay- value  of  perhaps  15  to  20  ounces  per  ton.  The  women 
may,  with  great  diligence,  pick  out  in  a  day's  work  100  pounds  of 
such  ore,  which  shows  how  very  thoroughly  the  ancient  miners  un- 
derstood the  process  of  ore-sorting,  and  incidentally,  also,  how  very 
cheap  and  plenty  their  labor  must  have  been.  It  is  generally  sup- 
posed that  the  cost  of  Indian  slave-labor  did  not  exceed  10  cents  per 
man  per  day,  while  the  amount  of  work  done  by  an  Indian  slave 
was  certainly  in  excess  of  that  done  by  the  Indians  of  to-day,  and 
the  silver  ])roduced  was  considerably  more  valuable  than  at  present. 
It  is  therefore  not  to  be  wondered  at  that  the  ancient  miners  could 
profitably  work  comparatively  low  grades  of  ore,  and  that  only  the 
great  depth  attained,  to  wit,  over  1500  feet,  and  the  influx  of  water 
finally  put  a^top  to  their  operations. 

In  depth  the  great  veins  of  the  mountain  have,  in  the  judgment 
of  the  writer,  remained  just  about  the  same  as  they  were  on  the  sur- 
face, with  this  notable  diflference,  that  whereas  on  the  surface  the 
various  ramifications  formed  a  stockwerk  which  could  be  worked  at 
a  profit,  such  a  condition  of  things  has  ceased  to  exist  in  the  harder 
and  denser  rock  2000  feet  below  the  top  of  the  mountain.  The 
fissures  still  continue  at  the  level  of  the  Royal  Tunnel,  but  only  the 
etrong  veins,  that  is,  those  of  sufficient  width  to  be  worked  by 
themselves,  can  be  made  profitable.  Furthermore,  the  ores  being 
"negrillos"  or  dense  sulphurets  of  iron,  are  more  expensive  to  mine 

and  reduce. 

From  the  diagram  herewith  given,  showing  the  cross-section  of 
the  mountain,  it  will  be  seen  that  the  Mendieta  vein  series  dips 
toward  the  east,  while  the  Tajo-polo  vein  series  dips  toward  the  west, 
and  at  no  great  depth  below  the  Real  Socavon  they  ought  to  in- 
tersect each  other  and  perhaps  form  a  single  strong  vein.  At  any 
rate,  the  intersection  of  these  veins  must  at  some  future  time  be 
the  objective  point  of  the  mining,  as  it  is  the  region  most  likely  to 
be  valuable. 

The  strongest  and  widest  veins  of  the  mountain,  t.g.,  those  of  the 
Guaillahuasi  and  Flamencos,  lying  to  the  south  of  the  "  punto"  or 
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top  of  the  mountain,  have  not  to  date  been  reached  by  the  Real 
Socavon,  and  these  two  may  also  join  in  depth  and  form  a  single 
strong  vein.  The  last  owners  of  Guaillahuasi  are  said  to  have  ex- 
tracted §400,000,000. 

Character  of  the  Ores. 

As  is  usual  in  silver-mines,  the  surface-ores  or  pacos  of  the 
Cerro  de  Potosi  were  wonderfully  rich  and  composed  principally  of 
chlorides  mixed  with  native  silver.  They  were  also  much  more 
siliceous  than  the  ores  in  depth — precisely  why,  it  is  difficult  to 
say.  On  the  flanks  of  the  mountain,  but  especially  on  the  north 
and  west  sides,  are  found  conglomerates  in  which  the  cementing 
material  is  oxide  of  iron,  evidently  derived  from  a  flow  of  water 
from  the  top  of  the  mountain.  These  conglomerates  conform 
to  the  general  inclination   of  the  surface  and   are  of  very  recent 
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Cross-Section  from  East  to  West  through  the  Cerro  de  Potosi. 

origin;  and  it  seems  likely  that  they  were  derived  by  leaching 
from  the  veins  at  the  top  of  the  mountain.  By  some  means  or 
other  the  iron  in  the  surface-ores  or  "  pacos  "  has  been  dissolved 
and  re-precipitated  in  these  beds  at  tiie  foot  of  the  mountain.  As 
we  penetrate  deeper  into  the  mountain,  or  follow  a  vein  from  the 
surface-cropping  down,  the  pacos  commence  to  contain  an  appre- 
ciable quantity  of  oxide  of  iron  and  also  a  little  sulphur.  The 
ores  are  then  called  "  mulattos."  An  analysis  of  a  sample  of  such 
ores  minfd  from  a  small  vein,  a  branch  of  the  San  Miguel  vein,  is 
as  follows : 

Per  cent. 

Silica, 23.90 

Iron, 18.11 

Sulphur, 3.99 


Penetrating  still  deeper  into  the  heart  of  the  mountain,  or  further 
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away  from  the  action  of  surface  waters,  the  true  sulphuret-ores  or 
"  neii;rillos  "  are  eventually  reached.  In  the  mountain  of  Potosi 
the  negrillos  are  principally  compact,  hard,  iron  pyrites  containing 
a  small  percentage  of  copper  pyrites,  and  in  some  of  the  veins  some 
zincblende  and  a  very  little  galena.  The  silver  occurs  as  tetra- 
hedrite,  containing  about  700  ounces  of  silver  per  ton. 

An  almost  constant  accompaniment  of  the  silver-ores  of  Potosi, 
and  of  a  great  many  of  the  silver-ores  of  the  plateau  of  Bolivia,  is 
binoxide  of  tin,  in  the  shape  of  gray  or  yellow  oxide.  Some  of  the 
silver- veins  are  very  rich  in  oxide  of  tin,  notably  so  the  Tajo-polo 
and  the  Veta  Estano,  which  latter  was,  as  its  name  implies,  named 
after  its  contents  of  tin.  Formerly,  the  old  miners  left  the  tin 
standing  in  the  veins ;  but  of  late  years  a  profitable  tin-industry  has 
been  based  upon  the  occurrence  of  these  ores.  The  following  aver- 
age analysis  of  the  pay-chute  in  the  Cotamitos  mine  gives  a  fair 
indication  of  the  character  of  the  ores : 

Per  cent. 

Silica, 17.90 

Copper, 2.51 

Tin, 3.52 

Sulphur, 31.83 

Iron, 44.64 

The  average  assay  in  silver  was,  in  rouad  numbers,  60  ounces  per 
ton.     There  is  also  a  trace  of  gold  in  the  ore. 

In  the  level  of  the  Royal  Tunnel,  2000  feet  below  the  top  of  the 
mountain,  a  number  of  the  veins  known  on  the  surface  can  be 
examined.  The  Cotamitos  vein  is  the  only  one  which  up  to  date 
has  yielded  rich  ore.  It  is  a  noteworthy  fact  that  this  is  the  only 
vein  at  the  bottom  of  the  mountain  which  is  in  the  rhyolite.  The 
other  veins  examined  leave  the  rhyolite  and  enter  the  shales  or  sand- 
stones of  the  mountain  and  are  all  poor.  All  the  rhyolite  at  the 
level  of  the  Real  Socavon  contains  small  crystals  of  iron  pyrites, 
and  it  all  shows  the  decomposing  effect  of  thermal  water,  in  its 
structure.  It  seems  as  if  the  whole  mass  of  the  mountain  of 
Potosi  had  been  subjected  to  thermal  action,  and  it  is  difficult  to 
find  any  mineral  in  the  mountain  that  does  not  contain  a  trace  of 
silver.  The  hard  quartz  rock  at  the  top  of  the  mountain  all  con- 
tains a  few  ounces  to  the  ton  ;  generally,  however,  below  three 
ounces.  The  pyrites  crystals  disseminated  through  the  rhyolite  at 
the  level  of  the  Real  Socavon  generally  assay  one-quarter  ounce  to 
the  ton.     A  cross-cut  driven   fifty  or  one    hundred   feet  anywhere 
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in  the  mountain  will  be  sure  to  cut  a  number  of  veins  more 
or  less  wide.  Any  of  these  veins,  if  followed  a  sufficient  dis- 
tance, will  connect  with  others  that  will  as  surely  lead  to  some  of 
the  pay-chutes  or  bonanzas  of  the  mountain.  This  great  multi- 
plicity of  veins,  branches  and  spurs  is  the  bane  of  the  miner,  for 
it  is  extremely  difficult  to  determine  where  and  when  to  stop  the 
work  of  prospecting.  The  old  miners  had  abandoned  the  Cota- 
mitos  mine,  reopened  by  the  writer,  (and  in  which,  at  last  reports, 
a  large  body  of  60-ounce  ore  was  developed),  after  driving  a 
cross-cut  at  a  certain  point  to  within  3  feet  of  the  vein  they  were 
looking  for.  They  stopped  in  a  parallel  vein  of  iron  pyrites  of  con- 
siderable width  but  extreme  poverty.  Exact  surveys  led  to  the 
belief  that  the  vein  sought  for  lay  somewhat  further  east  from  the 
face  of  this  cross-cut,  and  after  driving  only  3  feet,  it  was  found. 
This,  of  course,  was  more  good  luck  than  management,  but  it  is  a 
striking  example  of  the  difficulties  of  mining  such  "Gangziige" 
as  exist  in  Potosi. 

Modern  Age  of  the  Veins. 

We  have  seen  that  the  rhyolitic  eruption  of  the  Cerro  de  Potosi 
was  of  the  post-Tertiary  age;  that  subsequent  to  this  eruption  many 
centuries  must  have  elapsed  to  consolidate  and  harden  the  conglom- 
erated material  at  the  contact  of  the  rhyolite,  shales  and  sandstone ; 
that  at  some  subsequent  time  fissures  rent  the  mountain,  which  at  a 
still  later  age  became  the  scene  of  thermal  activity  and  the  depo- 
sition of  the  silver-ores  and  other  mineral  matter  in  the  veins.  These 
facts  in  themselves  would  make  the  age  of  the  veins  of  the 
mountain  of  Potosi  very  modern,  but  the  author  is  tempted  to  be- 
lieve, from  a  number  of  focts  that  have  come  to  his  notice  in  the 
study  of  the  geology  of  Potosi  and  vicinity,  that  these  veins  were 
still  in  course  of  deposition  during  the  glacial  period  of  Bolivia. 
The  study  of  silver-mines  in  various  quarters  of  the  globe  made  by 
the  writer  has  often  Impressed  him  with  the  belief  that  most  of  them 
are  much  more  modern  than  has  been  generally  supposed,  and  that 
the 'deposition  of  ore  in  a  vein  is  a  comparatively  rapid  process  if 
the  proper  conditions  exist.  The  author  would  not  be  surprised  if, 
on  further  careful  study,  it  should  be  determined  that  the  age  of 
many  silver-deposits  of  the  North  and  South  American  continents 
is  as  modern  as  the  advent  of  man. 
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Production  of  the  Cerro  de  Pot(^si  Since   its  Discovery. 

Many  and  conflicting  are  the  reports  of  the  annual  and  total  pro- 
duction of  Potosi,  as  the  following  tables,  from  what  the  author 
considers  tiie  least  objectionable  sources,  abundantly  show. 


From  the 
Year. 

To  the 
Year. 

Annual  Product. 

Royal  Tax. 

Principal. 

Author. 

1545 
1556 
1579 
1736 

1556 
1578 
1736 
1789 

$7,534,000 

445,500 

4,100,010 

116,575,000 

1,960,000 

129,400,000 

14,500,000 

82,875,000 

9,800,000 

647,000,000 

72,700,000 

Humboldt. 
Humboldt. 
Humboldt. 
Humboldt. 

From  the 
Y'ear. 


To  the 
Year. 


Annual  Product. 


Royal  Tax. 


Principal. 


Author. 


1545 
1545 
1556 
1790 


1591 
1603 
1800 
1800 


139,000,000 

51,000,000 

3,170,000 

.    2,000,000 


^360,000,000 

59,600,000 

152,000,000. 

4,000,000 


1,800,000.000  Juan  Diaz  de 
Lupidana.* 

2,980,000,000  Pedro  de  Lo- 
dana.f 


760,000,000 
20,000,000 


Laraberto  de 
Sierra.J 

Laraberto  de 
Sierra. 


Besides  the  foregoing  estimates  there  are  many  others,  some  of 
them  claiming  a  production  far  beyond  the  figures  quoted.  Thus, 
Bartolome  Astete  de  Ulloa  claims  a  production  up  to  1632  of 
$4,900,000,000.  Bernardo  de  Vega,  up  to  1597,  olaims  a  production 
of  81,780,000,000.  Many  authors  claim  a  product  of  more  than 
$1,000,000,000  up  to  a  century  ago. 

The  writer  doubts  very  much  whether  any  such  production  actu- 
ally took  place;  he  thinks  it  more  than  likely  that  in  the  first  ten 
or  twenty  years  after  the  discovery  of  the  mountain  $10,000,000 
per  annum  may  have  been  actually  produced;  but  it  must  be  re- 
membered that  at  that  time  silver  was  worth  vastly  more  than  to-day, 
80   that  the  production  in  ounces  probably  did  not  exceed  for  the 


*  In  his  examination  of  the  Royal  accounts ;  also  confirmed  by  Bernardo  de  la 
Vega. 

t  In  his  examination  of  the  Royal  Treasury  made  by  order  of  the  King  in  1603. 

X  Minister  of  the  Royal  Treasury  and  Chief  Accountant  of  the  Tribunal  of 
Accounts  of  the  Yireinato. 
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first  century  of  the  existence  of  the  Cerro  5,000,000  ounces  a  year, 
A  century  ago  the  production  certainly  fell  to  a  value  of  $2,000,- 
000,  or  perhaps  1,500,000,  or  1,250,000  ounces  per  annum.  From 
about  the  beginning  of  this  century,  or  the  date  of  the  War  of  Inde- 
pendence, it  is  doubtful  whether  the  production  per  annum  has  aver- 
aged 300,000  ounces. 

The  fact,  however,  remains,  that  the  Cerro  de  Potosi,  even  upon 
the  basis  of  the  lowest  estimates,  has  been  the  largest  producer  of  silver 
of  all  districts  in  the  world ;  and  there  is  very  little  doubt  that  the 
aggregate  product  has  exceeded  1,000,000,000  ounces. 

The  product  of  the  mountain  of  Potosi  at  the  present  time 
is  about  400,000  ounces  per  annum  ;  but  it  must  be  remembered  that 
only  one  of  the  great  old  veins  of  the  mountain  is  being  worked  in 
depth.  The  principal  ones  are  still  unwatered,  and  may  yet  at  some 
future  time  add  considerably  to  the  increase  in  production. 

Population  of  the  City  of  Potosi. 

A  counterpart  to  the  largely- varying  estimates  of  the  production 
of  the  Cerro  is  found  in  the  great  differences  in  the  estimates  of  the 
population  of  the  city  of  Potosi.  Some  writers 'have  placed  it  as 
high  as  170,000.  Early  in  the  seventeenth  century  it  was  said  to 
have  12  banking-establishments,  72  warehouses,  140  large  shops, 
260  retail  shops,  212  market-places  and  132  mills  (ingenios) 
worked  by  water-power;  also  48  mills  worked  by  hand-power  and 
30  amalgamation-works.  About  the  time  of  the  breaking  out  of 
the  War  of  Independence  in  1809,  the  population  of  the  city  was 
estimated  at  60,000.  In  1846  it  was  estimated  at  40,000,  and 
although  at  the  present  time  some  estimates  place  the  number  of 
inhabitants  as  high  as  15,000,  they  probably  do  not  exceed  10,000. 

The  ruins  of  the  city  surrounding  that  part  now  inhabited,  would 
not  permit  the  residence  of  any  such  number  as  are  supposed  to 
have  lived  at  one  time  in  Potosi.  It  is  quite  possible  that  during 
the  time  of  the  slavery  of  the  Indians,  a  population  of  60,000  or 
70,000  people  was  employed  in  or  about  the  mines,  but  they  were 
probably  distributed  over  a  great  area,  and  not,  properly  speaking, 
residents  of  the  city.  Judging  from  the  existing  ruins,  the  town 
could  not  have  contained  at  any  time  more  than  40,000  people. 

Lakes  or  Lagunas. 
Mention   has  already  been  made  of  a  system   of  lakes   or  dams 
built  by  the  Spaniards  at  the  cost  of  some  millions  of  dollars  to 
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impound  water  for  use  in  anialgamating-establishments.  The  names 
of  these  ponds  or  lagunas  are  as  follows:  1.  San  Ildefonso;  2. 
Crusisa;  3.  Ohalviri ;  4.  San  Jose ;  5.  San  Sebastian ;  6.  Lobato; 
7.  Ulistia;  8.  Piseo-cocha;  9.  Huacani  ;  10.  Maziini  ;  11.  Santa 
Lucia;  12.  Candelaria;  13.  Atocha ;  14.  Muniza  ;  15.  San  Fer- 
nando ;  16.  Illiniani ;  17.  San  Pablo  ;  18.  San  Buenaventura  ; 
19.  Llama-mica;  20.  Huaca ;  21.  Providencia;  22.  Planila. 

Of  these,  some  are  of  great  extent ;  thus,  Laguna  Chalviri,  shown 
on  the  geological  map,  is  several  miles  in  length  and  a  mile  in 
width.  These  artificial  lakes  are  located  in  the  beds  and  at  the 
foot  of  the  former  great  glaciers.  The  water  from  them  has  been 
carried  by  a  race  to  near  the  mouth  of  the  Royal  Tunnel,  where 
a  fall  of  460  feet  was  obtained,  and  the  power  is  .there  utilized  by 
turbines  for  operating  the  mill  and  air-compressor. 

Many  of  the  dams  are  now  in  bad  condition,  so  that  the  average 
flow  of  water  which  can  be  impounded  in  the  rainy  season  does  not 
exceed  5  cubic  feet  per  second.  Formerly,  no  doubt,  double  that 
amount  was  at  the  disposal  of  the  miners  of  Potosi. 

Cost  of  Mining. 
The  cost  of  mining  ore  in  Potosi  varies  so  greatly  that  it  is  impossible 
to  fix  even  an  ajiproximate  rate  per  ton.  Owing  to  the  peculiar 
nature  of  the  veins,  the  amount  of  dead- work  that  should  be  carried 
on  is  extremely  large.  In  general,  at  least  from  one-half  to  two- 
thirds  of  the  men  ought  to  be  employed  in  dead-work.  Although 
the  rate  of  wages  is  not  high,  the  natives  receiving  only  from  two 
to  three  Bolivians,  or,  at  the  present  rates  of  exchange,  from  $1.50 
to  $2.00  in  gold  per  day,  the  amount  of  work  that  these  natives  do 
is  so  small,  and  their  work  so  irregular,  by  reason  of  the  numerous 
feast-days  or  "  fiestas,"  that  the  actual  cost  of  dead-work  is  very 
heavy.  Furthermore,  the  cost  of  all  materials,  and  notably  of 
dynamite,  is  very  great,  owing  to  the  enormous  freight-charges  from 
England.  When  the  writer  introduced  machine-drills  in  Potosi, 
he  found  that  there  was  practically  no  saving  in  the  cost  of  labor, 
owing  to  the  higher  price  of  the  labor  employed  ;  but  of  course  the 
speed  of  driving  was  very  much  increased.  Thus,  for  example,  the 
cost  of  driving  the  Royal  Tunnel  in  the  rhyolite  of  the  mountain 
averages  about  one  hundred  Bolivians,  or,  say,  $60  per  meter, 
about  half  that  cost  being  for  the  materials,  and  the  other  half  for 
labor.  The  rate  of  progress  with  two  machine-drills  in  this  tunnel 
was  not  far  from    one  yard  for  each  working  day  of  twenty-four 


96  THE    POTOSI,    BOLIVIA,    SILVER-DISTRICT. 


« 


liours  ;  but  it  must  be  borne  in  mind  that  in  Bolivia  you  cannot 
count  on  over  twenty  days  of  work  per  month,  so  that  necessarily 
progress  is  slow.  The  rate  in  the  hard  iron  pyrites  of  the  veins 
of  the  mountain  is  very  much  slower,  rarely  exceeding  seven 
or  eight  meters  per  month  with  two  shifts  of  workmen.  In 
1885  in  Potosi  it  was  the  custom  of  the  native  miners  or  "  barra- 
teros,"  to  enter  the  mines  and  work  continuously  (or,  at  least,  they 
claimed  that  they  did  work  continuously)  for  thirty-six  hours.  Dur- 
ing this  time,  and  indeed  at  all  times  when  they  are  awake,  the  natives 
chew  the  coca  leaf  and  the  supposed  virtue  of  these  leaves,  that  is, 
of  the  cocaine  contained  therein,  is  such  as  to  permit  them  to  work 
without  lassitude  for  that  length  of  time.  The  writer  did  not,  how- 
ever, find  that  the  cocaine  had  any  such  effect.  The  rate  of  progress 
of  men  working  in  that  manner  in  one  of  the  drifts  in  the  veins, 
never  exceeded  three  or  four  meters  a  month.  It  was  only  after 
forcing  the  natives  into  the  system  of  twelve-hour  shifts  that  a 
greater  speed  was  obtained. 

As  a  further  indication  of  the. cost  of  the  work,  I  give  the  cost  of 
drifting  in  the  shale  of  the  mountain.  A  drift  run  with  one  machine- 
drill  in  charge  of  an  American  miner,  one  helper  and  two  fillers, 
advanced  about  an  average  of  a  yard  a  day  at  a  contract-price  of 
$60  a  meter.  About  half  the  cost  of  this  drift  was  for  materials. 
A  large  incline  run  in  the  rhyolite  on  double  turn  was  paid  for  at 
the  rate  of  110  Bolivians  per  meter.  Stations  were  paid  for  at  the 
rate  of  7  Bolivians  per  cubic  meter.  All  materials  were  charged 
against  the  contract,  as  was  generally  done  in  all  operations  con- 
trolled by  the  writer.  A  great  many  of  the  mines  of  Bolivia  still 
furnish  materials  to  the  natives,  with  all  the  consequent  thefts  and 
troubles  involved  in  such  a  pernicious  system. 

Metallurgy. 
Reference  has  been  made  before  to  the  Fondo  process,  invented  by 
Alonso  de  Barba.  As  generally  used  in  Bolivia,  the  ores  are  first 
crushed  in  stamp-mills,  or  in  arrastres.  They  are  then  roasted  dead 
in  adobe  furnaces  in  charges  of  about  600  pounds.  Such  a  furnace 
puts  through  four  charges  per  day,  and  the  fuel  used  is  llama- dung, 
locally  known  as  "  ucha,"  or  "  tachia."  When  the  ore  is  roasted 
practically  dead,  from  10  to  15  per  cent,  of  salt  is  mixed  with  it, 
and  it  is  almost  immediately  drawn  out  of  the  furnace  and  allowed 
to  cool.  From  this  chloridizing-roasting  it  is  conveyed  to  the  fondos. 
These  are  cast-copper  kettles  about  3  feet  in  diameter  and  1  inch 
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thick,  set  in  masonry  with  a  fireplace  below  them,  the  tops  bein^ 
at  such  an  elevation  above  the  ground  that  a  man  can  conveniently 
insert  a  wooden  pole  and  stir  the  contents.  The  coj>per  castings 
referred  to  are  made  all  over  Bolivia  by  the  Indians,  and  they 
are  not,  strictly  speaking,  co{)per,  but  rather  bronze,  continuing 
from  5  to  8  per  cent,  of  tin.  It  may  be  said  that  to-day  Bolivia  is 
still  in  its  bronze  age;  for  it  is  only  within  the  last  year  or  two 
when  more  ready  access  has  been  given  to  Bolivia  through  the  An- 
tofagasta  railroad,  that  iron  castings  have  become  cheaper  than 
bronze.  About  120  pounds  of  the  roasted  chloridized  ore  is  put 
into  the  hot  brine  of  one  of  the  fondos,  containing  about  5  per 
cent,  of  salt.  An  Indian  then  commences  to  stir  the  mixture  in 
the  fondo,  and  after  a  certain  time  a  small  quantity  of  quick- 
silver is  put  in,  the  stirring  being  meanwhile  continued.  Not  suffi- 
cient quicksilver  is  put  in  at  once  to  amalgamate  all  the  silver,  the 
object  being  to  produce  "  pel  la  seca,"  or  dry  amalgam,  that  is,  an 
amalgam  containing  about  15  per  cent,  of  silver.  Constant  tests 
of  the  contents  of  the  fondo  are  made  in  an  equivalent  of  the 
horn-spoon  of  the  Mexicans,  here  called  "  chua,"  a  small  saucer 
made  of  wood.  A  spoonful  of  the  mass  in  the  fondo  is  taken  out 
and  washed  in  this  chua,  and  by  the  appearance  of  the  quicksilver 
or  amalgam  the  process  is  regulated.  After  a  very  short  experience 
a  scientific  observer  is  able  to  tell  whether  or  not  copper  is  entering 
into  the  amalgam  ;  and  whether  the  ores  are  working  too  hot,  or  too 
cold.  In  fact,  the  ores  in  the  fondo  go  through  all  the  stages  of  the 
Patio  process,  with  the  exception  that  in  the  Patio  weeks  are  con- 
sumed in  doing  what  the  fondo  accomplishes  in  a  few  hours.  As  soon 
as  all  the  quicksilver  put  into  the  fondo  has  been  converted  into 
dry  amalgam,  another  small  charge  of  quicksilver  is  put  in ;  and 
these  charges  are  repeated  until  finally  the  chua-test  proves  that  all 
the  silver  is  amalgamated.  It  is  very  easy  to  determine  this  by  the 
presence  of  small  globules  of  quicksilver  which  no  longer  change 
into  amalgam.  Generally  a  larger  amount  of  quicksilver  is  then 
added  to  dissolve  the  dry  amalgam,  and  immediately  the  whole 
contents  of  the  fondo  are  dipped  out  with  large  wooden  pails  and 
poured  into  a  large  barrel  of  water.  The  barrel  is  kept  in  motion  by 
hand,  and  a  regular  settling-process  is  gone  through  in  the  barrel. 
Finally,  the  clean  amalgam  and  quicksilver  remain  at  the  bottom, 
and  the  amalgam  is  strained  and  retorted. 

Such,  in  short,  is  the  *'  Fondo  "  process,  and  the  results  obtained 
by  such  simple  means  are  somewhat  remarkable.     The  first  striking 
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fact  is  that  all  classes  of  ore,  not  even  excepting  galena,  are  worked 
by  this  process,  although  the  extraction  in  the  latter,  and  in  blende, 
is  not  as  great  as  in  ores  of  other  classes. 

A  second  striking  fact  is  the  great  purity  of  the  silver  obtained 
from  very  base  ores.  The  amalgam,  after  being  strained,  is  retorted 
below  a  bronze  bell,  or  "  caperuza,"  and  it  is  rare,  indeed,  that  the 
resulting  retorted  silver,  known  as  "Piila"  silver,  is  discolored. 
Generally,  it  is  of  a  pure  white  color,  and  above  900  fine  in  silver  ; 
often,  it  is  990  to  995  fine,  the  impurity  being  principally  copper. 

A  further  fact  is  that  the  ores  are  not  roasted  with  salt,  but  that 
the  salt  is  added  after  the  roasting,  and  that  consequently  the  chlo- 
ridization  must  be  very  low  ;  yet  this  seems  to  have  no  influence 
whatever  on  the  yield  in  the  fondo. 

The  chemical  principles  involved  in  the  process  are  the  same  as 
those  of  the  "  Kroehnke  "  process,  formerly  so  successful  in  Anto- 
fagasta,  and  of  the  "Tina"  process,  generally  known  as  the 
"Francke-Tina"  process  in  Bolivia,  so  named  from  the  inventors, 
the  Messrs.  Francke. 

In  all  these  processes,  subchloride  of  copper  is  the  active  chlori- 
dizing  and  dissolving  agent  of  the  silver-minerals.  Kroehnke,  in 
experiments  published  by  him,  shows  that  even  the  most  rebellious 
silver,  the  black  and  red  arsenites  and  antimonites,  dissolve  com- 
pletely in  a  solution  of  subchloride  of  copper  iu  the  presence  of  a 
bar  of  zinc.  This  seems  to  indicate  some  electrical  action.  In 
the  "  Fondo  "  process,  the  oxidized  ore  {i.e.,  the  ore  after  it  is  roasted) 
is  chloridized  wet  in  the  fondo  by  the  action  of  a  subchloride  of 
copper,  and  at  once  amalgamated.  In  the  Kroehnke  process  the 
same  chemical  reactions  were  carried  out  in  Freiberg  barrels,  and 
the  subchloride  of  copper  was  especially  prepared  in  separate  tanks, 
and  introduced  as  required.  Instead  of  adding  only  zinc,  lead  was 
very  generally  used.  In  the  fondo  process,  it  is  usual  in  "  hot " 
ores  to  add  what  is  known  as  "  material,"  or  an  amalgam  of  tin  and 
quicksilver.  These  additions  have,  however,  only  the  object  of  re- 
ducing or  preventing  the  loss  of  quicksilver  by  solution. 

The  tina  process  of  Messrs.  Francke  is  practically  the  same 
thing  as  the  fondo  process,  the  only  difference  being  the  use  of 
steam  instead  of  direct  heat  below  the  fondo,  for  heating  the 
liquor  in  the  tina,  and  the  application  of  steam-power  to  pro- 
duce the  necessary  motion  and  mixing  of  the  material  in  the 
machine.  The  tina,  in  fact,  is  a  fondo  on  a  hirge  scale.  The 
"  Fondon,"  illustrated  on  page  662  of  Percy's  Mctallarc/i/,  is  {)racti- 
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cally  a  tina  operated  by  mule-power.  The  only  real  difference 
between  the  fondo,  as  now  used  in  Bolivia,  as  illustrated  in  Percy 
and  as  invented  by  Messrs.  Francke,  is  the  capacity  of  the  machine. 
The  fondos  have  a  capacity,  in  24  hours,  of,  say,  8  to  10  charges 
of  120  pounds  each,  or  perhaps  one-half  ton  of  ore.  The  ''  Fondon," 
illustrated  in  Percy,  has  a  capacity  of  something  over  one  ton  per 
day,  while  the  Francke  tinas,  when  built  of  a  diameter  of  6  feet, 
treat  5  to  6  tons  per  day. 

In  the  Kroehnke  process,  the  charge  of  a  barrel  was  generally 
2500  kilogrammes  in  the  Antofagasta  works,  and  two  or  three 
charges  were  made  per  day  in  each  barrel  and  no  attempt  was  made 
to  roast  the  ores,  the  principal  ores  treated  by  that  process  being 
the  rich  chlorides  from  Caracoles.  An  extraction  of  92  to  96  per 
cent,  was  obtained  from  these  very  rich  ores.  The  fondo  process 
extracts  from  80  to  85  per  cent,  of  the  silver  in  the  very  base  ores 
common  in  Bolivia.  The  tina  process,  owing  to  the  more  thorough 
mechanical  agitation  of  the  ore,  averages  better. 

The  average  cost,  in  various  localities  of  Bolivia,  of  the  fondo 
process,  is  from  120  to  180  Bolivians  for  a  cajon  of  5000  pounds. 
In  Potosl  the  cost  of  the  fondo  process,  with  stamp- batteries  run 
by  water-power,  is  150  Bolivians  a  cajon,  or  not  quite  ^40  in  gold 
a  ton. 

With  a  view  to  reduce  the  cost  of  the  treatment  in  Potosi,  the 
writer  made  a  series  of  experiments,  resulting  in  the  building  of  the 
"  Real  Ingenio."  An  automatic  ten-stamp  battery  was  put  in  place 
of  the  commonly-used  bronze  stamps.  Tinas  took  the  place  of 
fondos,  and  a  rotary  roasting-furnace  the  place  of  the  small  hand 
furnace.  It  was  the  original  intention  to  stamp  the  ore  raw,  pass  it 
through  the  rotary  furnace,  and  then  amalgamate  it  in  tinas;  in 
fact,  to  practically  copy  the  American  process.  But  this  proved 
a  failure,  owing  to  the  baseness  of  the  ore.  The  ore  passing  through 
the  rotary  furnace  came  out  practically  raw,  and  it  was  found  neces- 
sary to  oxidize  the  ore  before  it  entered  the  rotary  furnace.  With 
this  object  in  view,  the  writer  made  some  experiments  which  finally 
led  to  the  building  of  roasting  kilns  in  which  the  ores  were  roasted 
while  still  in  lumps,  and  with  no  expense  for  fuel.  The  cost  of  this 
roasting  is  now  only  40  cents  per  ton.  The  resulting  changes  in  the 
ore  are  shown  by  the  following  two  analyses,  which  are  averages  of 
several  hundred  tons : 
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Raw   Ore  Entmng  Kilns, 


Moisture,  at  212°  F., 

Silica,    . 

Alumina, 

Iron, 

Lime,     . 

Magnesia, 

Sulphur, 

Copper, . 

Carbonic  acid, 

Zinc, 

Lead, 

Arsenic, 

Antimony, 

Tin, 

Gold,  ounces  troy,  per  ton, 

Silver,  " 


Per  cent. 

0.32 
13.50 

3.04 
29.06 

0.32 

0.00 
32.35 

5.15 

0.00 

0.63 

0.13 

1.30 

1.45 

3.06 

0.045 
104.655 


Kiln-roasted  Ore. 


Moisture, 

Silica,    . 

Alumina, 

Iron  oxide,    . 

Lime,     . 

Magnesia, 

Sulphur  (total), 

Copper, 

Carbonic  acid. 

Manganese,    . 

Zinc, 

Lead, 

Arsenic, 

Antimony, 

Tin, 

Gold,  ounces  troy  per  ton, 

Silver,  "  " 


A  sample  of  the  kiln-roasted  ore  extracted  with 
the  ore  to  contain  the  following  amounts : 

Sulphuric  acid  (in  compounds  soluble  in  water), 
Cofiper  corresponding  to  this,      ..... 
Iron  "  "  ..... 


Per  cent. 

2.58 
19.05 

2.40 
48.40 

0.67 

0.00 

7.37 

5.13 

0.00 

0.00 

0.44 

0.16 

0.03 

0.17 

7.30 

0.045 
104.655 

hot  water  proved 

Per  cent, 
.     2.49 
.     0.90 . 
.     0.34 


I 


Perhaps  the  most  remarkable  feature  about  the  kiln-roasting  is 
the  almost  complete  volatifization  of  antimony  and  arsenic.  In  the 
flues  of  one  of  the  kilns  fine  crystals  of  artificial  stibnite  were  found. 
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They  contained  by  analysis  44,30  per  cent,  of  antimony  and  22.42 
per  cent,  of  sulphur.  The  antimony  and  arsenic  evidently  were  vol- 
atilized as  sulphides  in  the  upper  part  of  the  kilns.  Oxygen  cannot 
reach  the  ore  in  that  part  of  the  furnace,  but  the  heat  of  the  burning 
ore  below  it  was  sufficiently  intense  to  volatilize  the  sulphides  of 
antimony  and  arsenic.  The  kiln-roasted  ore  does  not  clinker,  and 
leaves  the  kilns  in  lumps  of  the  same  size  as  the  ore  charged.  But 
the  texture  of  the  ore  is  completely  changed,  and  it  is  very  easily 
crushed"  and  stamped.  The  only  drawback  to  the  process  is  found 
in  the  dust  made  in  stamping.  Owing  to  the  slight  percentage  of 
sulphates  the  dust  is  very  irritating  to  the  membranes  of  the  nose 
and  throat.  Wherever  preliminary  calcination  and  subsequent 
crushing  are  used  a  very  complete  apparatus  must  be  employed 
for  carrying  off  the  dust. 

Some  of  the  Potosi  ores  were  roasted  in  a  pile  by  the  writer;  but 
while  the  reductiou  in  sulphur  was  even  greater  than  in  the  kiln- 
roasted  ores,  antimony  and  arsenic  were  not  volatilized  to  the  same 
extent. 

An  assay  of  a  pile  of  roasted  ores  was  as  follows  : 

Per  cent. 

Antimony, 0.60 

Sulphur  (total), 4.39 

Sulphuric  acid  (in  compounds  soluble  in  hot  water),  .         .     2.92 

Copper  corresponding  to  this, 0.58 

Iron  "  "  0.47 

When  a  second  trial  of  the  rotary  furnace  was  made  with  kiln- 
roasted  ore  in  place  of  raw  ore,  it  proved  a  perfect  success  so  far  as 
thorough  oxidation  and  chloridization  went,  but  continued  experi- 
ments since  the  writer  left  Potosi  have,  he  is  told,  demonstrated  the 
fact,  which  even  during  the  presence  of  the  writer  was  patent,  that 
there  was  a  large  loss  of  silver  by  volatilization  in  this  furnace. 
This  loss,  which  was  not  in  the  dust,  but  by  true  volatilization,  aver- 
aged from  10  to  15  per  cent,  of  the  total  silver-content  of  the  ore, 
and  has  finally  led  to  the  abandonment  of  the  furnace  and  the  adop- 
tion of  three-floor  reverberatory  gas-furnaces,  in  which  the  loss  by 
volatilization  is  kept  down  to  5  per  cent.  I  judge  that  the  cause  of 
the  large  losses  in  the  rotary  furnace  may  be  traced  entirely  to  the 
presence  of  the  salt  mixed  with  the  ore,  a  long  series  of  experi- 
ments, just  carried  out,  having  proved  the  fact  conclusively  that  these 
very  base  ores  must  be  oxidized  completely  before  salt  is  added  and 
chloridization  allowed  to  take  place.     It  is  precisely  here  that  the 
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tina  process  shows  itself  to  be  valuable,  for  it  is  quite  immaterial  in 
the  tina  process  whether  the  chloridization  of  the  ores  is  20  per  cent, 
or  i»0  per  cent.,  the  extraction  remains  practically  the  same.  This 
is  so  entirely  different  from  the  generally-conceived  notion  of  silver- 
milling  in  the  United  States  that  too  much  emphasis  cannot  be  laid 
on  this  point.  Yet  I  am  told  that  at  Sombrerete,  where  base  ores 
with  15  per  cent,  zinc  and  much  pyrites  are  treated,  recent  experi- 
ments lead  in  the  same  direction.  All  mill-men  in  the  United  States 
who  are  working  very  base  ores  generally  find  it  profitable  to  put 
bluestone  into  the  pans.  The  action  of  the  bluestone  is  undoubtedlv 
to  produce  a  subchloride  of  copper,  and  the  consequent  chloridizing 
action  that  takes  place  assists  in  the  extraction  of  the  silver.  But 
the  iron  pan  constantly  destroys  the  subchloride,  while  the  copper 
tina  is  as  constantly  regenerating  it,  and  has,  therefore,  certainly 
some  advantages  for  very  base  ores.  Undoubtedly  the  very  same 
result  can  be  obtained  by  a  sufficient  addition  of  bluestone  in  an  iron 
pan,  but  this  may  be  more  expensive.  Experiments  recently  carried 
out  with  some  very  base  South  American  ores  by  Mr.  C.  Rneger  and 
the  writer,  at  the  Lexington  Mill,  at  Butte,  Montana,  gave  us  ex- 
tractions exceeding  90  per  cent,  on  ores  that  were  chloridized  to  20 
per  cent.  To  accomplish  this  result  in  an  iron  pan,  a  large  amount 
of  bluestone  was  added  to  the  charge. 

The  choice  as  between  the  tina  and  the  iron-pan  process  must 
therefore  depend  upon  the  relative  price  of  sulphate  of  copper,  iron 
and  copper  castings.  In  a  locality  like  Butte,  for  example,  where 
an  impure  copper  casting  can  be  obtained  from  copper  made  on  the 
spot,  the  choice  would  be  in  favor  of  the  tina  process  as  against  the 
iron-pan  and  sulphate  of  copper  process  for  very  base  ores. 

The  Francke  tina  process  has  been  described  at  some  length  by 
Mr.  Edgar  P.  Rathbone  in  August,  1884  {Proceedings  of  the  Insti- 
tution of  Mechanical  Engineers  of  Great  Britain).  Professor  Egleston, 
describing  the  process  in  his  Metallurgy  of  Silver,  has  copied  this 
article. 

The  loss  of  quicksilver  in  the  tina  process  is  very  small,  although 
in  Potosi  at  the  present  time  all  of  the  ores  work  very  "  hot,"  and 
there  is  a  consequent  chemical  loss,  or  loss  by  solution.  The  con- 
sumption of  quicksilver  at  Potosi  is  4h  to  5|  ounces  to  the  mark, 
or  8  ounces  of  fine  silver.  In  the  great  Huanchaca  mines  the  loss 
is  considerably  less,  being  about  2J  ounces  to  the  mark  of  silver. 
At  Guadaloupe  the  loss  is  a  trifle  over  3  ounces  to  the  mark.  The 
ores  at  present  being  treated  at  Potosi  average  75  to  80  ounces  per 
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on,  and  the  extraction  is  about  80  per  cent.  The  bulk  of  the  loss 
is  in  the  roasting,  tlie  extraction  of  the  roasted  ore  generally  averag- 
ing 90  per  cent.  The  tailings  assay  about  15  ounces  to  the  ton,  or 
say  a  loss  of  10  ounces  per  ton  of  ore  treated.  The  average  fineness 
of  the  silver  produced  in  Potosi  is  about  900.  The  oxide  of  tin 
I  present  in  all  the  ores  of  Potosi  does  not  seem  to  interfere  in  any 
way  in  the  roasting  and  subsequent  amalgamation,  but  becomes 
troublesome  in  the  settlers  by  reason  of  its  great  gravity.  Where 
the  fondo  process  is  used  in  Potosi  the  tin  settles  in  the  great  wash- 
tank,  which  is  generally  placed  in  front  of  the  fondos.  The  Indians 
take  the  "  relaves  "  or  tailings  from  there  and  concentrate  them  by 
hand,  making  a  good  merchantable  tin-ore. 

An  analysis  of  these  concentrated  tailings  is  as  follows  ; 

Per  cent. 

Silica, 1.05 

Binoxide  of  tin,         .........  88.71 

Ferric-oxide,     ..........  7.72 

Alumina,           ..........  0.61 

Copper, 0.90 

Lead 0.23 

Sulphur, 0.45 

Total,  99  67 

These  tin -concentrates  are  either  shipped  to  England  for  sale, 
or  they  are  smelted  on  the  sj)ot  with  rich  tin-ores  from  the  mine. 
They  produce  a  rather  impure  bar-tin,  but  one  containing  consider- 
able silver,  which  about  makes  up  in  value  for  the  impurity. 

The  cost  of  treatment  in  the  "Real  Ingenio"  erected  by  the 
writer  at  the  mouth  of  the  Royal  Tunnel  (which  works,  by  the  way, 
are  not  by  any  means  perfect,  but  the  best  that  could  be  erected 
with  a  lot  of  machinery  sent  out  from  England)  has  been  reduced  to 
90  Bolivians  a  cajon  ;  and,  from  late  reports,  it  is  about  to  be 
still  further  reduced  by  increasing  the  capacity  of  the  plant.  The 
cost  formerly,  as  has  been  before  stated,  was  150  Bolivians  a  cajon. 
The  saving  is  60  Bolivians  a  cajon,  or  about  $15.00  per  ton.  The 
works  have  a  capacity  of  about  8  tons  per  day,  but  their  cost  has 
been  enormous  by  reason  of  the  great  distance  from  railroads. 
Almost  $100,000  was  spent  for  freights  alone  on  the  machinery 
brought  to  Potosi,  much  of  it  costing  15  and  20  cents  a  pound  for 
wagon  freight  alone.  However,  even  at  this  great  cost,  the  saving  of 
about  $30,000  per  annum  pays  a  large  interest  on  the  investment. 
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Resum:^. 

The  mines  of  the  Cerro  de  Potosi,  located  anywhere  within  the 
borders  of  the  United  States,  would  be  a  center  of  great  mining 
activity ;  and  the  same  can  be  said  of  all  the  districts  now 
operated  on  the  table-land  of  Bolivia.  The  greatest  drawback  of 
the  country  is  not  its  distance  from  the  sea,  but  the  abominable 
character  of  the  labor.  Any  one  who  wishes  to  have  a  positive 
proof  of  the  fallacy  of  the  oft-repeated  assertion  that  American  labor 
cannot  compete  with  cheap,  or  so-called  "  pauper  labor,"  has  only 
to  go  to  Bolivia,  or,  in  fact,  to  any  country  where  labor  is  extremely 
cheap,  and  compare  the  product  of  a  dollar's  worth  of  labor  in  such 
a  country  with  the  same  product  in  the  United  States.  The  observer 
will  then  be  forced  to  admit  that  the  high-priced  labor  of  the  United 
States  is  not  really  dear  labor,  but  almost  invariably  cheaper  than 
the  so-called  "  foreign  pauper  labor."  The  future  of  the  mountain 
will,  in  the  judgment  of  the  writer,  depend  entirely  on  the  approach 
of  railway  facilities.  These,  and  these  only,  will  correct  the  evil  of 
inferior  labor ;  and  without  an  influx  of  better  labor  from  abroad, 
the  mines  of  the  Cerro  de  Potosi  are  not  likely  to  occupy  again 
a  leading  position  in  the  world's  production  of  silver. 

APPENDIX. 

Notes  on  Some  Fossils  from   Bolivia,  Collected   by  Mr. 
Arthur  F.  Wendt,  axd  Description  op  a  Remark- 
able New  Genus  and  Species  op  Brachio- 
POD,  BY  R.  P.  Whitfield. 

Among  some  Devonian  fossils  presented  to  the  cabinet  of  Colum- 
bia College  School  of  Mines,  from  near  Sucre  and  Quechista,  Bo- 
livia, by  Mr.  Arthur  F.  Wendt,  there  are  two  forms  which  appear 
to  be  new  to  science.  At  least,  after  a  thoroug-h  search  through 
both  the  geological  and  zoological  records,  as  well  as  much  other 
literature,  no  mention  of  them  can  be  found. 

One  of  these,  a  Brachiopod,  is  especially  interesting  from  its 
great  size  and  peculiar  form,  and  in  not  being  readily  classed  under 
any  existing  genus,  but  showing  characters,  externally,  which  ally 
it  to  Stringocephalus  (Defrance  and  Sand  berg)  and  also  to  Centro- 
neUa  (Billings).  The  specimens  are  contained  in  a  sandy  ferrugin- 
ous limestone  and  are  associated  with  Spirifera,  Quichun  and  Tere- 
hratula  Antidensis  (D'Orb.),  a  Sckizodua  or  Paracycha-WkQ.  bivalve 
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Fig.  I. 


Scaphioecelia  Boliviensis,  Whitfield. 
Fig.  L — Dorsal  view  of  the  most  perfect  specimen,  the  beak  of  which  is  much 
worn.  Fig.  2. — Profile  or  side  view  of  the  same,  showing  the  curvature  of  the  ven- 
tral valve;  the  dotted  line  at  the  beak  represents  what  would  properly  be  its  form. 
Fig.  3. — Front  view  showing  the  concavity  of  the  dorsal  valve.  The  specimen  has 
been  somewhat  crushed.  Fig.  4. — The  dorsal  view  of  the  upper  half  of  a  specimen 
showing  the  beak  more  entire,  but  still  worn. 
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and  a  Phurotomana,  or  StraparoUus-WkQ  gasteropod,  neither  of 
these  being  in  a  condition  to  identify  fully. 

The  second  interesting  form  is  an  Orthocercis,  which  occurs  in 
numbers  in  a  limonitie  shale  at  Quechista,  Bolivia,  and  is  probably 
of  the  same  age  as  the  Brachiopod  above  mentioned,  but  has  no 
associated  forms,  so  far  as  is  seen  upon  any  of  the  rock-fragments 
accompanying  the  shells.  The  associated  Spirifera  Quichua  and 
Terebratula  {Rhynchonella)  Antisiensis,  two  well-authenticated  Devo- 
nian forms,  are  sufficient  evidence  of  the  similar  age  of  the  accom- 
panying new  forms.  From  the  impossibility  of  referring  the  new 
and  very  remarkable  Brachiopod  to  any  known  genus,  I  am  obliged 
to  form  a  new  genus  for  it  under  the  name, 

SCAPHIOCGELIA, 

From  (TxacTj^  a  boat,  and  xot).ta^  abdomen,  in  reference  to  the  form 
of  the  shell. 

Generic  Description. — A  terebratuloid,  brachiopodous  shell,  having 
a  strongly  convex  ventral  valve,  and  a  longitudinally  and  angularly 
sulcated  dorsal  valve ;  both  of  which  are  strongly  plicated.  In- 
ternally, the  ventral  valve  has  a  strong,  deep,  triangular  byssal 
opening  and  muscular  scar,  and  the  dorsal  has  strong  crural  pro- 
cesses; but  the  loop  or  calcified  appendages  are  unknown.  Shell 
structure  strongly  fibrous,  without  any  punctae  under  a  hand-mag- 
nifier. 

The  only  species  yet  known  of  this  genus  reminds  one  somewhat, 
by  its  external  form,  of  String oceplial us  (Sandberg),  but  it  pos- 
sesses no  flattened  cardinal  area  on  the  ventral  valve.  It  bears, 
however,  a  much  greater  resemblance,  both  externally  and  internally, 
so  far  as  the  internal  features  of  this  one  are  known  to  the  small 
shells  of  C(gw6-one//« (Billings)  ;  but  its  strongly  plicated  exterior  is 
a  very  marked  feature,  while  none  of  that  group  yet  known  show 
any  tendency  whatever  toward  plications.  The  strongly  fibrous 
structure  of  the  shell  is  another  distinction  not  easily  reconciled 
with  the  compact  lamellose  or  flaky,  highly-punctate  sliell-substance 
prevailing  in  Centronella.  Unfortunately,  the  specimens  show 
nothing  of  the  internal  appendages  and  but  little  of  the  internal 
surface  of  the  valves  of  muscular  markings.  On  a  single  internal 
cast  there  are  deep,  wide  cavities  made  by  the  removal  of  the  crural 
processes,  which  are  seen  to  have  been  bent  toward  the  dorsal  valve 
when  the  cast  was  broken  and  probably  supported  some  loop-formed 
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appendage.  Beyond  this  nothing  is  known  of  the  interior.  The 
following  species  is  the  only  one  known. 

Scaphioccelia  Boliviensis,  n.  sp. — Shell  very  large  :  one  individual, 
which  is  i)y  no  nreans  the  largest,  but  which  shows  the  entire  form, 
measures  nearly  three  and  a  half-inches  in  length  and  almost  two  in 
width  ;  ovate  longitudinally  in  general  outline  along  the  junction  of 
the  valves,  with  an  angularly  ventricose  and  strongly  arcuate  ven- 
tral and  a  somewhat  concave  dorsal  valve.  Ventral  valve  deeply 
concave  with  a  large,  strongly  incurved  triangular  beak  which  is 
marked  by  a  large,  broad  and  deeply  excavated  foraminal  cavity 
beneath,  but  without  apical  perforation,  at  least  in  the  adult  stages  ; 
viewed  in  profile,  this  valve  is  strongly  arcuate  on  the  back,  the 
lateral  margins  strongly  lobed  on  the  sides  and  the  front  margin 
deeply  sinuate;  the  visceral  portion  of  the  valve  deep,  triangularly- 
trough-shaped.  Dorsal  valve  gently  arcuate  longitudinally,  but 
with  the  central  portion  rather  strongly  depressed  from  beak  to  base, 
the  sides  rising  above  it  along  the  middle  of  its  length  to  conform 
with  the  margin  of  the  ventral  valve.  Surface  of  both  valves 
marked  by  longitudinal  ribs  or  plications,  very  strong  along  the 
central  line,  but  indistinct  or  sub-obsolete  on  the  lateral  portions, 
where  they  are  also  much  finer  ;  on  the  dorsal  valve  twelve  or  four- 
teen may  be  seen  on  each  side  of  the  center  in  the  somewhat  worn 
specimens,  while  on  the  ventral  from  eighteen  to  twenty-four  can  be 
distinguished. 

Of  one  of  the  other  two  new  species  there  is  only  a  single  poor, 
rather  worn  cast,  not  sufficiently  marked  for  description,  and  of  the 
Orthoceras,  although  numerous  fragments  are  known  showing  dis- 
tinctive features  in  the  rapidly  increasing  dimensions  of  the  tube 
and  the  deeply  concave  septa,  none  fit  for  description  and  illustra- 
tion. 


PNEUMATIC  HOISTINQ. 

BY  II.  A.  WHEELER,   ST.  LOUIS,  MO. 
•  (New  York  Meeting,  September,  1890.) 

The  great  depths  attained  by  some  of  the  older  mines,  and  the 
much  greater  depth  at  which  they  will  have  to  be  worked  in  the 
not  distant  future,  strongly  emphasize  the  im})erfect  and  inadequate 
character  of  our  present  hoisting-practice.  The  depth  of  3000  feet 
having  been  exceeded  at  several  places,  and  4000  feet  almost  reached 
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at  Mons,  Belgium,  we  are  brought  to  face  the  unpleasant  fact  that 
in  these  instances  the  mere  dead  weight  of  the  rope  itself  is  not  only 
the  principal  part  of  the  load  on  the  winding-engine,  but  that  the 
limit  is  being  rapidly  approached  at  which  the  ordinary  cylindrical 
rope  cannot  safely  be  used,  lest  it  break  by  reason  of  its  own  weight.* 

While  we  Americans  are  not  apt  to  borrow  trouble  by  anticipat- 
ing the  problems  of  the  future  involved  in  the  latter  feature,  the 
first-named  defect  of  the  present  system  of  hoisting  deserves  our  im- 
mediate attention,  because  it  calls  for  an  excessive  consumption  of 
power  and  consequent  increased  cost  for  fuel  and  plant.  The 
European  engineers  have  reduced  the  consumption  of  fuel  by  dif- 
ferent systems  of  counter})alancing,  while  by  the  use  of  tapered 
ropes  they  have  very  much  extended  the  practical  working  length 
of  the  rope  before  it  will  break  of  its  own  weight.  Theoret- 
ically the  tapered  rope  has  no  such  limit,  but  practically,  as  used  at 
present,  it  has  its  limit,  though  very  much  exceeding  that  of  a 
cylindrical  rope. 

In  attempting  to  replace  the  rope-system  of  hoisting,  on  account 
of  the  disadvantages  alluded  to,  the  French  engineers  have  tried  the 
endless-chain  system  of  Saint  Jacques  at  Montlucon,  the  Mehu 
man-engine  at  Anzin  and  Ronchamp,  and  the  Blanchet  pneumatic 
system  at  Epinac.  The  two  former  systems  were  found  in  practice 
to  be  too  complicated,  too  expensive  in  repairs,  and  too  dangerous, 
and  have  been  abandoned ;  and  while  the  pneumatic  system  was  not 
a  success,  the  failure  to  find  workable  coal  and  the  consequent  in- 
completeness of  the  plant  explain  that  result  and  leave  this  most 
promising  of  the  new  systems  still  entitled  to  consideration. 

The  pneumatic  system  is  entirely  free  from  the  above-mentioned 
defects  of  ropes,  since  it  is  not  subject  to  the  influence  of  depth,  and 
gives  no  initial  heavy  dead-load  due  to  the  weight  of  the  rope,  being 
in  this  respect  a  theoretically  perfect  medium  for  "  pulling"  mineral 
out  of  the  deepest  possible  mine.     These  advantages  seem  so  great, 

*  Taking  the  weight  of  a  cast-steel  hoisting-rope  of  Ijth  inches  diameter  at  2 
pounds  per  running  foot,  and  its  breaking-strengtli  at  84,000  pounds,  it  should, 
theoretically,  sustain  itself  until  42,000  feet  long  before  breaking  from  its  own 
weight.  But  taking  the  usual  factor  of  safety  of  7,  then  the  safe  working-length  of 
such  a  rope  would  be  only  6000  feet.  If  a  weight  of  3  tons  is  now  hung  to  the  rope, 
which  is  equivalent  to  that  of  a  cage  of  moderate  capacity  with  its  loaded  cars,  the 
maximum  length  at  which  such  a  rope  could  be  used,  with  the  factor  of  safety  of  7, 
is  3000  feet,  or 

2  X  -f  6000  =  ?i^  .-.  X  =  3000  feet. 
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in  view  of  the  rapidly  increasing  depth  of  mines,*  that  a  sketch  of  the 
practical  application  of  this  system  at  Epinac,  France,  which  tiie 
writer  had  an  opportunity  of  visiting  last  summer,  is  herewith  given. 
A  complete  description,  giving  the  details  of  the  calculations,  construc- 
tion and  operation  of  the  plant,  with  illustrations,  will  be  found  in 
the  Annates  des  Mines  of  September-October,  ISl'S,  Paris. 

The  Blanchet  Pneumatic  System. 

The  pneumatic  system,  as  installed  at  the  Hottinguer  shaft  of  the 
Epinac  colliery,  Saone-et-Loire,  France,  was  designed  by  M.  Zulma 
Blanchet,  who  was  the  managing  director  of  a  large  company  oper- 
ating several  mines  and  a  local  coal-railroad  at  Epinac,  in  central 
France.  The  first  suggestion  for  thus  using  air  was  made  in  1855 
by  M.  Gruuer,  the  director  of  the  School  of  Mines  of  St.  Etienne, 
and  a  model  constructed  on  this  principle  was  exhibited  by  M.  Cave 
at  the  first  Paris  exposition;  but  the  credit  of  first  putting  the  sys- 
tem into  practical  operation  is  due  to  M.  Blanchet.  The  vertical 
Hottinguer  shaft,  started  in  1863,  had  reached  a  depth  of  2133  feet 
in  1871,  and  was  to  be  sunk  to  a  depth  of  at  least  3300  feet ;  but 
unfortunately  for  the  company  and  the  entire  mining  world,  no 
workable  coal  has  thus  far  been  met  with,  so  that  instead  of  develop- 
ing a  large  mine  to  raise  over  700  tons  a  day,  it  still  remains  (1889) 
a  prospect,  while  the  plans  of  M.  Blanchet  were  not  satisfactorily 
completed  on  account  of  the  great  expense  of  installation  and  the 
discouraging  nature  of  the  explorations.  So,  although  a  thorough 
test  of  the  system  was  not  made,  according  to  M.  Blanchet's  more 
advanced  ideas,  yet  sufficient  experience  was  gained  to  furnish  evi- 
dence as  to  the  practical  desirability  of  this  novel  system  of  extrac- 
tion. 

M.  Blanchet's  plan  was  to  have  one  or  two  continuous  air-tight 
sheet-iron  cylinders  or  large  tubes  extending  from  the  bottom  to  the 

*  To  appreciate  the  rapid  rate  at  which  the  mines  in  some  of  our  older  camps 
are  growing  deeper,  it  may  be  well  to  mention  that  the  Comstock  lode,  of  Nevada, 
was  first  worked  in  1850,  and  had  reached  a  depth  of  3250  feet  by  1886,  when  work 
was  abandoned  in  the  lower  levels.  The  Lake  Superior  copper-district,  which  has 
several  very  deep  mines,  was  first  worked  in  1844,  and  the  Tamarack  mine,  though 
only  started  in  1882,  has  already  attained  the  depth  of  2820  feet,  and  is  sinking  two 
more  shafts  that  are  expected  to  cut  the  lode  at  a  depth  of  3700  feet  within  four 
years  (a  rate  of  over  1000  feet  per  yejtr  has  been  attained  at  this  mine  in  shaft- 
sinking).  A  new  mine,  called  the  Tamarack-Junior,  is  likely  to  reacli  a  depth  of 
over  4000  feet  within  the  next  ten  years  if  a  chute  of  copper  is  found  that  has  thus 
far  been  very  persistent. 
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top  of  the  shaft.  See  Fig.  1,  Within  the  cylinder  moved  a  piston, 
to  which  was  hung  a  cage  with  as  many  decks  as  desired,  nine  decks 
being  used  at  Epinac,  while  suitable  air-tight  doors  open  out  at  each 
level  for  allowing  the  decking  of  the  cars.  It  was  operated  by  ex- 
hausting the  air  from  above  the  piston,  and  as  the  lower  side  was 
open  to  the  atmosphere,  the  piston  was  raised  by  the  difference  in 
pressure  of  the  atmosphere  and  the  vacuum  produced  by  the  air- 
pump.  For  lowering,  it  was  merely  necessary  to  allow  the  air  to 
re-enter  above  the  piston  by  a  throttle- valve,  while  the  speed  could 
also  be  regulated  by  throttling  the  escape  of  the  expelled  air  from 
below  the  piston.  It  is  obvious  that,  neglecting  the  friction  of  the 
piston,  any  lifting  capacity  desired  can  be  obtained,  for  a  given 
vacuum,  by  merely  increasing  the  diameter  of  the  tube,  while  the 
speed  of  hoisting  will  depend  on  the  capacity  (size  and  speed)  of  the 
exhausting-engine  to  maintain  this  vacuum. 

Besides  its  legitimate  function  as  a  hoisting  device,  M.  Blanchet 
was  enthusiastic  about  the  additional  services  it  would  perform  in 
cooling  and  ventilating  the  mine  through  the  introduction  at  each 
trip  of  the  volume  of  air  represented  by  the  depth  of  the  shaft  and  the 
diameter  of  the  cylinder.  He  also  proposed  to  make  a  special  use  of 
the  system  in  fiery  coal-mines  by  closing  all  openings  of  the  mine, 
and  then  by  working  the  exhausting-engine,  to  aid  the  disengage- 
ment of  the  fire-damp  which  is  supposed  to  take  place  freely  during 
a  barometric  depression.  He  urged  that  on  subsequently  reopening 
the  mine  and  sweeping  out  the  gas  with  the  regular  ventilating  ap- 
pliances, the  mine  would  be  made  much  safer. 

Experimental  Plant. 

Before  the  erection  of  the  final  plant,  an  experimental  one  was 
built  consisting  of  a  tube  6^  inches  in  diameter  by  95  feet  high, 
connected  with  a  12  horse-power  vacuum-pump.  With  a  vacuum 
of  18  inches  to  19§  inches,  a  velocity  of  1181  feet  per  minute  was 
attained  in  lifting  264  pounds,  which  is  equivalent  to  an  efficiency 
of  about  80  percent*  of  the  engine-power.  The  friction  of  the  pis- 
ton in  the  tube  amounted  to  10  per  cent. 

*  A  subsequent  statement  gives  18  horse-power  instead  of  12,  as  above,  for  the 
vacuum-pump;  and  only  50  per  cent,  instead  of  70-7  per  cent,  of  the  gross  load  as 
live  or  coal  load,  while  the  gross  efficiency  is  given  as  40  per  cent.;  as  the  live  load 
is  only  half  of  the  jgross  load,  20  per  cent,  is  the  net  or  coal-raising  efficiency  for  the 
system,  beginning  with  the  vacuum-pump  as  the  source  of  power  or  100  per  cent. 
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Diagram  Illustrating  Pneumatic  Hoisting. 
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The  load  of  264  pounds  was  made  up  as  follows : 

Per         Per 
Pounds.        cent.      cent. 

r  Piston, 31.9  =  12.1 -| 

Dead  Load  4  Cage, 37.4=14.2  [    29.3 

I  Cars, 7.9=   3.0  J 

Live  Load,  or  Coal, 186.8=70.7       70.7 

Total, 264.0  =  100.0    100.0 

From  these  very  encouraging  figures  the  following  estimate  was 
made  for  the  final  plant,  in  which  the  tube  was  to  be  63  inches  in 
diameter  : 

Piston,   .         .  .  2.25  gross  tons,  =  18.75  per  cent. ") 

Cage,      .        .  .  3.00         "           =  25.00        "          >  Dead  load. 

9  cars,  at  0.25,  .  2.25        "          =  18.75        "         ) 

Coal,       .         .  .  4.50        "          =  37.50        "             Live  load. 

Total,  12.00  gross  tons,  =  100.00  per  cent. 

The  time  required  for  the  round  trip  at  the  greatest  contemplated 
depth,  3280  feet,  was  estimated  at  7  minutes,  as  follows : 

Min-  Sec- 
utes.  ends. 

To  load  at  bottom  (3  deckings),     .         .         i         .        .         .  0  30 

To  hoist, 3  00 

Discharging  at  surface  (3  deckings), 0  30 

Descent, .        .  3  00 

Total  time  for  round  trip, 7      00 

If  this  .speed  could  be  maintained,  it  would  give  a  capacity  of 
38|  gross  tons  per  hour  from  a  depth  of  3280  feet  with  a  single  tube. 
With  two  tubes,  the  capacity  would  not  alone  be  doubled,  but  a 
great  advantage  would  be  gained  by  operating  them  together,  the 
exhaust-engine  alternately  exhausting  and  discharging  from  one  into 
the  other,  practically  counterbalancing  one  piston  with  its  cage,  cars, 
etc.,  against  the  other.  Accordingly,  M.  Blanehet  designed  the 
Epinac  plant  to  be  operated  with  two  tubes. 

Final  Plant. 
The  tube  or  cylinder  was  made  of  sheet-iron,  0.27  to  0.31  inch 
thick,  in  circular  sections  4^  feet  in  length,  having  butt-joints  for 
the  vertical  seams,  secured   by  countersunk    rivets.     The  sections 
were  bolted   to  one  another  by  flanges  made  of  angle-iron,  using  | 
rubber  packing  to  keep  the  joints  tight. 
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The  aligrnment  of  the  tube  was  preserved  and  its  weight  sustained 
by  suitably  connecting  it  to  the  shaft  timbers,  so  that  tiie  tube  stood 
vertical,  within  tlie  inclosing  special  timbering,  without  bearing  any 
excessive  weight  on  its  base. 

Cast-iron  doors,  opening  outward,  were  placed  at  the  landings,  it 
being  arranged  at  Epinac  to  load  three  decks  at  once,  in  order  not 
to  lose  too  much  time  in  handling  the  9  cars,  as  each  deck  only  ac- 
commodated one  car. 

The  chairs  or  catches  for  sustaining  the  cage  at  the  landings  passed 
through  stuffing-boxes,  to  prevent  any  leakage  of  air,  and  were  op- 
erated in  the  usual  manner. 

The  total  weio-ht  of  a  single  tube,  63  inches  in  diameter  and  1979 
feet  high,  with  all  its  doors,  valves,  chairs,  hanging  rods,  bolts,  etc., 
was  estimated  at  342  gross  tons,  of  which  the  tube  alone  amounted 
to  245|  gross  tons. 

The  train,  or  moving  members,  consisted  of  an  upper  double 
piston,  to  which  was  hung  the  cage  with  its  nine  decks,  and  a  lower 
or  guiding  piston,  the  whole  having  a  vertical  length  of  about  52 
feet.  The  pistons  were  packed  with  leather,  backed  by  springs,  and 
the  whole  train  was  made  as  light  as  possible  by  using  steel  in  its 
construction. 

For  indicating  the  position  of  the  piston,  push-  or  touch-buttons 
were  located  along  the  tubes,  which,  on  being  touched  by  the  piston 
in  moving  past  them,  made  an  electrical  connection  indicated  on  a 
series  of  tell-tale  dials  in  the  eng-ine-room.  Barometers  and  second- 
chronometers  were  also  used  as  additional  safeguards  for  indicating 
the  position  of  the  cage.  The  latter  did  so,  in  a  rough  way,  by  the 
time  usually  required  to  make  a  trip,  while  the  former  were  con- 
nected with  the  tube  about  every  100  yards,  and  so  showed  the  pro- 
gressive position  of  the  cage.  Suitable  valves  at  the  landings,  con- 
necting with  the  atmosphere  and  the  exhaust-engine,  permitted  the 
safe  and  easy  landing  of  the  cage,  on  their  being  operated  by  the 
lander,  while  safety-valves  were  used  at  the  top  and  bottom  of  the 
tube  to  check  slowly  the  velocity  of  the  cage,  and  prevent  the  piston 
from  knocking  out  the  tube-heads,  in  case  of  inattention  on  the 
part  of  the  lander. 

After  seven  months  spent  in  erection,  a  single  tube,  63  inches 
in  diameter,  was  ready  for  trial  in  1876,  it  having  been  decided  to 
first  build  only  a  single  tube,  and  to  subsequently  add  a  second, 
making  it  a  duplex  plant,  if  found  desirable. 

A  temporary  exhaust-engine  was  improvised  from  a  former  hoist- 
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ing-engine  of  64  horse-power,  which  raised  a  gross  weight  of  6  tons 
in  20  minutes,  with  a  vacuum  of  9.45  to  9.85  inches  of  mercury, 
from  a  depth  of  1979  feet. 

The  piston  was  lubricated  with  very  dilute  soap-water,  containing 
0.27  per  cent,  soap,  and  0.1  per  cent,  oil,  and  from  11  to  55  pounds 
were  used  per  trip,  depending  on  the  dryness  of  the  atmosphere. 

Of  the  64  horse-power  developed  by  the  exhaust-engine,  75  per 
cent,  was  utilized  during  the  period  of  ascent,  but  as  no  useful  work 
is  accomplished  during  the  preliminary  exhausting  of  the  tube,  in  pro- 
ducing the  vacuum  by  which  the  train  is  finally  started,  the  average 
efficiency  was  56  per  cent. ;  and  as  50  per  cent,  of  the  gross  load 
was  coal  or  net  weight,  this  gives  a  net  efficiency  of  28  per  cent,  of 
the  engine-power,  with  a  single  non-counterbalancing  tube. 

The  final  exhaust-engine  is  a  duplex,  direct,  horizontal  engine  of 
739  horse-power,  with  4L)  by  46  inches  steam-cylinders,  46  by  113| 
inches  air-cylinders,  and  when  making  23^  revolutions  per  minute, 
with  75  pounds  steam  pressure,  cutting  off  at  J  stroke,  has  a  calcu- 
lated efficiency  of  70  per  cent.  With  this  powerful  engine  the  time 
required  to  make  a  round  trip,  going  a  distance  of  1979  feet,  was 
as  follows : 

Mill-  Sec- 
utes.  onds. 

For  the  ascent 2      30 

For  the  descent 6      00 

For  making  the  landings, 3      00 

Total  time  for  round  trip,        .  .  ,         11      30 

The  load  raised  was  as  follows : 

Weight  of  pistons,  cage,  etc.,  .         .        .     6,600  lbs.  -j 

Weight  of  9  cars  @  550  lbs., .         .        .     4,950  lbs.  /  ^    ^^  i'^""  ^^"^• 

Weight  of  9  car-loads  coal  @  1100  lbs.,     9,900  lbs,      =    46      " 

Total, 21,450  lbs.     =  100      ' 

The  live  load  or  coal  amounts  to  46  per  cent,  of  the  total  weight 
raised. 

With  the  conditions  for  hoisting  at  the  other  shafts  at  Epinac, 
using  tapered  manilla  ropes,  winding  on  reels,  with  one  cage  coun- 
terbalancing the  other  cage,  M.  Blanchet  makes  the  following  com- 
parisons at  different  depths  of  roi)e  and  single-tube  pneumatic 
hoisting : 
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Depth. 

IN 

Feet. 

Cable  Hoisting. 

Pneumatic  Hoisting. 

Coal  Consumed 

per  ton  Coal 

Extracted. 

1 

Horse-Power. 

Horse-Power. 

Expend- 
ed. 

Utilized. 

Efficiency. 
Per  cent. 

Expend- 
ed. 

Utilized. 

Efficiency. 
Per  cent. 

Cables. 

Pueu- 
matic. 

820 
1640 
3280 

225 
500 
800 

90 
180 
224 

40 
36 

28 

800 
862 
985 

360 

45 
42 
36 

55  lbs. 
110    " 
220    " 

16.5  lbs. 
33.0   " 
66.0   " 

These  figures  are  favorable  to  the  pneumatic  system,  as  with  only 
a  single  tube  the  useful  eflSciency  is  greater  in  all  ca.ses,  and  decreases 
at  a  less  rapid  rate  than  with  rope  hoisting  for  increasing  depth, 
while  the  coal  consumed  per  ton  of  coal  raised  is  in  consequence  very 
nuich  less  in  the  pneumatic  than  with  the  cable  system  of  hoisting. 
AVith  two  tubes,  where  the  dead  loads  of  the  pistons,  cage,  cars,  etc. 
(amounting  to  54  per  cent,  of  the  total  load),  counterbalance  one 
another,  the  efficiency  would  be  correspondingly  greater,  and  very 
much  higher  than  in  cable-hoisting.  This  feature  was  unfortu- 
nately never  developed  at  Epinac,  as  the  second  tube  was  not  erected, 
and  hence  the  minimum  working-cost  of  the  system  was  not  attained. 


Advantages  of  the  Pneumatic  System. 

M.  Blanchet  sums  up  the  advantages  of  the  pneumatic  system  of 
hoisting  as  follows : 

1.  It  permits  the  working  of  mines  at  all  depths. 

2.  It  gives,  with  a  single  tube,  a  higher  efficiency  than  cables, 
which  increases  as  the  depth  increases;  with  two  tubes,  the  effi- 
ciency will  be  still  greater. 

3.  It  does  away  with  ropes,  and  is  therefore  more  economical. 

4.  It  assists  in  the  ventilation  of  the  mine,  with  the  lowering  of 
the  temperature  resulting  therefrom. 

5.  It  permits,  while  the  miners  are  absent,  the  conversion  of  the 
entire  mine  into  a  pneumatic  receiver,  and,  by  the  creation  of  an  ar- 
tificial barometric  depression,  facilitates  the  removal  of  the  escaping 
fire-damp,  and  so  makes  the  mine  safer. 

6.  It  leaves  the  shaft  readily  accessible  for  examination,  repairs, 
and  sinking,  without  interfering  with  the  hoisting. 

7.  It  removes  the  danger  of  accidents  through  the  breaking  of 
cables. 
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8.  It  gives  greater  security  to  the  miners  in  ascending  and  de- 
scending. 

9.  It  not  only  permits  tlie  lowering  of  the  men,  timber,  filling, 
etc.,  without  the  expenditure  of  any  power,  but  utilizes  the  work 
produced  by  the  descending  train  in  imparting  a  higher  pressure  to 
the  air  escaping  from  the  bottom  of  the  tube. 

The  only  disadvantage,  in  M.  Blanchet's  opinion,  is  the  greater 
cost  of  installation,  which  in  his  first  estimate  for  the  Hottingeur 
shaft  he  places  at  about  20  per  cent,  greater  than  that  of  installation 
for  rope-hoisting. 

The  statements  made  thus  far  concerning  the  Epinac  plant  have 
been  quoted  from  the  several  brochures*  by  M.  Blanchet,  and  as  he 
was  an  enthusiastic  advocate  of  the  pneumatic  system,  his  claims  in 
its  favor  demand  investigation. 

Criticism  of  the  Pneumatic  System. 

I.  The  statement  that  the  pneumatic  system  has  no  limit  in  depth 
is  certainly  true  theoretically,  and  there  seems  to  be  no  practical  dif- 
ficulty in  applying  it  to  the  greatest  depth  attainable.  This  is  the 
salient  and  vital  idea  of  the  system,  which  would  seem  to  entitle 
it  to  precedence  over  ropes  after  a  certain  depth  has  been  attained. 

II.  That  the  efficiency  of  the  pneumatic  system  is  greater  than 
that  of  cables  must  necessarily  follow  if  the  depth  is  very  great  and 
the  ropes  are  not  counterbalanced,  as  the  principal  part  of  the  load  is 
then  the  cable ;  but  if  the  ropes  are  counterbalanced,  especially  if  by 
an  under-rope,  then  the  pneumatic  system  cannot  be  equal  in  effi- 
ciency to  cables,  if  both  systems  are  operated  on  the  double  or  duplex 
plan,  so  as  to  counterbalance  the  dead  weight  of  the  cage,  cars,  etc. 
For  if  we  start  with  equal  amounts  of  energy  in  the  delivery  of  the 
steam-cylinders  of  the  exhausting-  and  winding-engines,  in  the  one 
case  this  must  overcome  the  appreciable  friction  of  the  stuffing-box, 
piston  and  valves  of  the  vacuum-cylinder,  suffer  the  decided  waste 
of  energy  due  to  the  clearance  of  the  valves,  ports,  etc.,  overcome 
the  slight  frictional  resistance  of  the  air  travelling  through  the  con- 
necting-pipes, valves  and  tubes,  do  the  useless  and  uncertain  work  of 
removing  the  air  brought  in  by  leakage  at  joints,  valves,  stuffing- 
boxes  and  doorways  of  the  tube,  and  overcome  the  friction  of  the 
pistons  in  the  tube  before  it  begins  to  be  usefully  expended  in  raising 

*  L' Exploitation  de  la  Houille,  Autun,  1872.  Tube  Atmospherique  du  Puit  Hot- 
tinguer,  St.   Etienne,  1876.     Houillercs  d'Epinac,  Paris,  1878.     L' Exploikition  dea 

Mines  d  touts  Profondeur,  Paris,  1878.     Annales  des  Mines. 
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the  load.  In  the  other  ease,  a  direct,  first-motion,  hoisting-engine 
must  ftvercome  the  friction  of  the  sliaffs  of  the  drum  and  sheaves  (well 
lubricated),  expend  the  small  amount  of  energy  required  to  hend  the 
rope  ahont  the  drum  and  sheaves,  and  overcome  the  slight  friction  of 
the  cage  in  its  guides  before  it  can  be  utilized  in  useful  work.  While 
these  losses  of  energy  can  be  expressed  in  an  equation,  the  coefficients 
by  which  they  should  be  modified  have  not  all  been  satisfiictorily 
determined.  M.  Blanchet  puts  the  losses  in  the  vacuum-pump  alone 
at  25  per  cent,  (and  the  makers  at  30  per  cent.),  while  the  friction- 
loss  of  the  piston  in  the  tube  was  10  per  cent,  in  the  experimental 
tube,  though  undoubtedly  it  is  much  less  in  the  large  tube  when 
well  lubricated. 

The  entire  losses  of  energy  in  rope-practice  usually  range  from  10 
to  20  per  cent.  Leaving  out  of  consideration  the  greater  efficiency 
of  a  direct-acting  hoisting-engine  over  a  vacuum-pump,  and  assuming 
that  the  friction  of  the  air  through  the  pipes,  valves  and  large  tube 
do  not  consume  more  power  than  that  required  to  bend  the  rope  over 
the  sheaves  and  drum,  we  still  have  the  inappreciable  friction  of  an 
ordinary  cage  in  its  vertical  guides,  which  is  almost  7iil  with  proper 
alignment,  as  against  the  decided  and  unavoidable  friction  of  the  air- 
tight piston  in  the  tube.  So  that  while  M.  Blanchet's  figures  speak 
strongly  for  the  greater  efficiency  of  the  single-tube  air-system,  when 
compared  with  a  duplex  cable-hoist  they  will  not  bear  investigation. 
His  own  broad  and  sanguine  statement  that  the  efficiency  of  the 
vacuum-pump  plant  will  be  as  great  as  70  per  cent,  at  once  gives  an 
effective  or  coal-raising  efficiency  of  only  32.2  per  cent.,  when  it  is 
remembered  that  only  -aSWo  ^^  ^^®  ^^^^  raised  is  coal,  whereas  he 
quotes  about  42  per  cent,  for  the  pneumatic  system  and  36  per  cent, 
for  the  cable  system.  As  he  does  not  give  the  details  by  which  he 
ontained  his  figures,  further  errors  cannot  be  specifically  pointed  out. 
The  actual  fuel-consumption,  when  the  pneumatic  plant  was  ope- 
rated at  Epinac,  amounted  to  10  tons  per  day  in  raising  from  10  to 
50  tons  of  coal ;  but  as  the  fuel  was  inferior  coal,  and  as  hoisting  in 
carrying  on  prospecting  is  very  irregular  as  well  as  petty  in  amount, 
this  excessive  consumption  cannot  fairly  be  charged  again.st  the  sys- 
tem, though  it  certainly  does  not  encourage  the  hope  of  a  marked 
economy  in  fuel. 

III.  That  there  will  be  no  expenditure  for  ropes  in  the  pneu- 
matic system  follows  necessarily,  together  with  the  avoidance  of 
their  renewal  every  six  to  eighteen  months.  But  with  proper  size 
of  drums  and  sheaves,  feed-screws  to   prevent  side-cutting  of  the 
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rope  as  it  winds  ou  the  drum  wiiere  the  engine  is  close  to  the  shaft, 
and  springs  at  the  capping,  a  first-class  steel  rope  should,  as  i^  does 
in  the  best  English  practice,  last  from  two  to  fiv^e  years,  or  raise 
from  200,000  to  600,000  tons  of  ore  or  coal  before  it  is  worn  out. 
But  while  the  cables  are  dispensed  with,  the  new  feature  is  intro- 
duced of  a  thin  wrought-iron  cylinder,  held  by  countersunk  rivets, 
which  deteriorates  every  time  that  the  snugly-fitting  piston  passes 
through  it.  The  piston-packings,  of  which  there  are  three  sets,  need 
frequent  removal,  as  they  must  be  kept  tight  to  avoid  leakage ;  while 
there  is  quite  an  appreciable  daily  outlay  for  lubricating  the  tube,  as 
from  ten  to  fifty-five  pounds  of  3  per  cent,  solution  is  used  per  trip. 
If  the  shaft  is  not  sufficiently  wet  to  prevent  the  decay  of  the  timber, 
the  heavy  timbering  system  required  to  sustain  the  tube  will  also  need 
renewal,  at  no  small  cost,  while  the  expense  of  maintaining  a  very 
large,  fast-running,  expanding  exhausting-engine,  with  all  its  valves, 
will  be  greater  than  that  of  an  equivalent  direct  hoisting-engine. 
Unfortunately,  the  Epinac  plant  was  not  operated  long  enough  to 
develop  these  maintenance  expenses,  but  it  is  quite  evident  that  the 
repairs  and  renewals  of  a  cable-plant  will  finally  be  decidedly  less 
than  those  of  the  pneumatic  system. 

IV.  The  aid  to  ventilation  is  of  some  advantage,  particularly  in 
metal-mining,  where  only  natural  ventilation  is  so  largely  depended 
on.  With  a  tube  3000  feet  long  and  63  inches  diameter,  there 
would  be  delivered  into  the  workings  during  a  round  trip  of  twelve 
minutes,  a  volume  of  5425  cubic  feet  of  air  per  minute,  which  positive 
acquisition  would  be  no  insignificant  item  ;  and  the  deeper  the  shaft, 
the  greater  would  be  the  volume  of  air  expelled  at  each  trip.  In 
coal-practice,  however,  this  amount  of  air  would  be  entirely  too  small 
to  be  entitled  to  much  consideration. 

V.  The  novel  application  of  the  exhausting-engine,  through  the 
medium  of  the  tube,  to  the  production  of  an  artificial  barometric 
depression  throughout  a  tightly-sealed  mine,  is  at  least  attractive  for 
mines  troubled  with  gas,  and  undoubtedly  would  be  advantageous 
in  some  cases.  Where  the  gas  is  generated  in  the  goaf  or  old  rooms, 
and  consequently  its  escape  into  the  workings  is  facilitated  by  the 
lowering  of  the  atmospheric  pressure,  a  benefit  will  be  derived  in 
thus  frequently  forestalling  nature  and  keeping  the  air  safe.  But 
where  the  gas  is  being  given  off  by  the  slow  continuous  escape  under 
great  pressure  from  the  coal  (which  is  the  case  most  frequently, 
though,  fortunately,  it  is  usually  not  so  dangerous),  or  where  the  gas 
results  from  blowers  due  to  falls  in  the  roof  or  breaks  in  the  floor 
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(the  most  dangerous  instances),  no  good  will  result  in  thus  turning 
the  mine  into  a  vacuum  chamber.  It  is  also  obvious  that,  in  very- 
extensive  workings,  the  time  required  to  produce  an  appreciable 
lowering  of  the  pressure  of  such  a  huge  volume  of  air  would  exceed 
the  period  of  an  ofF-shift,  while  no  repairing  or  other  off-shift  work 
could  go  on,  on  account  of  the  danger  of  gas,  with  the  ventilation  at 
a  standstill.  Hence  only  Sundays  or  holidays  could  be  used  for  this 
pur[)ose  during  the  regular  working  of  the  mine,  which  is  not  fre- 
quent enough  to  malvc  it  perfectly  safe.  If  the  roof  is  badly  broken, 
especially  if  the  breaks  connect  with  the  surface,  the  application  will 
be  useless,  while  in  many  cases  it  will  be  difficult  to  prevent  excessive 
leakage  into  the  mine  at  the  shaft-entrances.  This  novel  feature, there- 
fore, is  capable  of  only  a  few  applications  in  the  gas»troubled  mines, 
and  even  then  may  not  be  valuable  on  account  of  the  magnitude  of 
the  workings.  Finally,  in  any  mine  troubled  with  gas  from  any  source, 
the  regular  ventilating  facilities  should  be  on  so  large  a  scale  that  the 
gas  is  so  diluted  as  to  preclude  any  danger  of  explosion,  except  from 
sudden  large  blowers. 

VI.  The  ease  of  repair  of  the  shaft  is  greater  in  the  pneumatic 
system,  since  it  is  possible  from  the  capstan-engine  to  make  any  in- 
spections or  repairs  in  the  shaft,  short  of  renewing  the  tube,  without 
in  the  least  interfering  with  the  hoisting. 

VII.  While  accidents  due  to  cable-breakage  disappear,  a  more 
serious  danger  arises  in  the  much  greater  vigilance  required  on  the 
part  of  the  lander  in  keeping  track  of  the  noiseless  invisible  cage, 
as  the  tell-tales,  though  ingenious,  are  hardly  satisfactory.  The 
unreliability  of  electric  sounders  or  tell-tales  in  damp  shafts  is 
well-known,  while  barometers  are  very  crude  aids  in  making  a 
landing,  where  the  margin  for  dropping  the  cage  on  the  chains  is  so 
small.  Although  a  large  safety-valve  is  placed  at  the  top  and  bottom 
of  the  tube  to  slowly  cushion  the  cage  and  prevent  accidents  arising 
from  carelessness  in  over-hoisting,  it  is  evident  that  the  momentum 
of  the  10-ton  train  will  demolish  any  such  device,  should  it  pass  the 
terminal  landing  with  its  speed  unchecked,  in  spite  of  any  reason- 
able margin  for  over-hoisting.  Furthermore,  while  the  breakage  of 
ropes  has  by  no  means  ceased  to  occur,  good  devices  can  be  used,  at 
least  on  vertical  shafts,  that  act  ])romptly  and  arrest  the  cage  in  case 
the  rope  breaks,  if  reasonable  attention  is  bestowed  upon  keeping  the 
safety-catches  in  good  condition. 

VIII.  That  the  pneumatic  system  will  be  more  exempt  from 
accident  than  the  cable  system  seems  hardly  probable  in  view  of  the 
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previously-mentioned  want  of  a  reliable,  continuous  system  of  record- 
ing the  ])ositions  of  the  cage  in  the  tube.  Overwinding  or  careless- 
ness on  the  part  of  the  landers  or  engineers,  quite  a  frequent  cause 
of  accidents  at  present,  seems  likely  to  become  even  more  dangerous 
in  the  pneumatic  system.  The  trouble  arising  from  the  distortion 
of  the  shaft  with  consequent  jamming  of  the  cage  in  swelling  or 
heaving  ground,  would  be  exaggerated  in  the  pneumatic  system, 
with  its  train  fifty-two  feet  long  ;  for  while  the  tube  stands  free  by 
itself  away  from  the  shaft-lining,  the  displaced  timbers  support- 
ing it  would  so  distort  and  throw  it  out  of  line  as  to  readily  cause 
the  jamming  or  sticking  of  the  train  in  the  tube. 

The  Eplnac  plant  was  not  operated  sufficiently  long  to  develop 
reliable  figures  as  to  accidents  with  the  pneumatic  system.  It 
created,  however,  a  favorable  opinion  among  the  miners  as  being  at 
least  a  very  pleasant  way  of  being  raised  and  lowered. 

IX.  The  want  of  merit  in  the  last  claim  over  rope-hoisting,  when 
properly  operated,  is  self-evident,  and  needs  no  comment. 

How  well  these  claims  were  realized  at  Epinac  is  most  quickly 
appreciated  upon  finding  a  winding-engine  busy  in  the  same  shaft 
in  carrying  on  the  exploratory  work,  while  the  pneumatic  plant 
alongside  of  it,  with  one  tube  and  its  massive  vacuum-engine 
in  complete  running  order,  has  been  idle  for  several  years,  as  it  was 
too  expensive  to  keep  in  operation. 

One  item  of  excessive  cost  in  the  pneumatic  system,  to  which  M. 
Blanchet  makes  no  allusion,  is  the  greater  labor-expense  per  ton 
hoisted.  If  worked  at  full  speed,  the  Epinac  plant  could  raise 
about  250  tons  in  ten  hours.  The  force  required  was  as  follows: 
four  firemen,  one  engineer,  one  runner,  two  landers,  four  cagers, 
one  machinist;  total,  thirteen  men,  or  ^^  =  20  tons  per  man  in  the 
hoisting-department. 

Winding-engines  of  even  less  power,  hoisting  from  as  great  a 
depth,  frequently  raise  from  1000  to  1500  tons  in  10  hours,  with  a 
force  no  greater  than  two  more  cagers,  or  hoisting  from  60  to  100 
tons  per  man,  making  the  labor-charge  for  hoisting  J  to  i  of  that  of 
the  pneumatic  system. 

The  Cost  of  the  Pneumatic  System. 

Before  alluding  to  the  outlay  involved  in  the  Hottinguer  shaft,  it 
is  necessary  to  deal  with  the  great  difference  between  French  and 
American  practice  in  plant-expenditure. 

The  French   mining  engineers,   with    usually   an   abundance  of 
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cheap  money  at  their  disposal,  are  characterized  by  tlieir  very  heavy 
outlays  in  permanent  plant.  They  make  everything  to  last,  and 
also,  be  it  said  to  their  credit,  design  with  regard  to  appearances 
and  artistic  effect.  Hence  there  is  a  large  outlay  at  the  Hottinguer 
shaft  for  a  masonry  lining  for  the  entire  shaft,  and  a  very  large, 
substantial,  brick  shaft-house,  with  a  high  brick  chimney  for  the 
boilers  which  would  be  regarded  as  extravagant  in  America.  More- 
over, in  executing  their  plans,  they  have  recourse  to  a  staff  of  trained 
engineers  that  is  as  yet  far  in  advance  of  our  so-called  "  practical  " 
way  of  doing  the  same  work.  For  these  reasons,  there  has  been  a 
lavish  outlay  at  the  Hottinguer  shaft  that  is,  by  no  means,  to  be  all 
charged  against  the  pneumatic  system.  The  statement  made  by  one 
of  the  directors,  that  the  experiment  had  cost  them  over  $500,000, 
refers  to  the  entire  outlay  at  the  shaft.  The  expense  of  the  pneumatic 
system  proper  is  given  to  me  by  M.  Naugerode,  the  present  superin- 
tendent, as  follows : 

Tube  and  connections, $70,000 

Erection,  including  winch-engine,  etc.,        ....        74,000 
Exhausting-engine  (or  vacuum-pump),       ....         42,000 

Total, $186,000 

These  figures  show  that  the  erection  of  the  tube  cost  more  than 
the  tube  itself,  and  that  the  tube  (with  its  connections)  cost  about 
$35  per  running  foot.  As  there  are  775  pounds  metal  per  linear  foot 
this  shows  a  factory-cost  of  the  tube  of  about  4^^  cents  per  pound,  a 
figure  that  is  about  half  what  such  work  would  usually  cost  in  this 
country,  when  it  is  remembered  that  72  per  cent,  of  the  metal  re- 
quired makes  up  the  countersunk-riveted  main  tube.  It  is  prob- 
ably safe  to  say  that  such  a  tube  erected  complete  in  this  country 
would  cost  over  $100  per  linear  foot;  and  this  does  not  include 
the  vacuum-engine,  boilers,  housing  and  the  primary  cost  of  first 
sinking  the  shaft.  So  that  a  pneumatic  plant,  complete,  would 
call  for  at  least  double  the  capital  of  a  rope-hoisting  plant  of  equiv- 
alent grade,  and  when  finished,  aside  from  probably  much  greater 
operating  expenses  (fuel  and  repairs),  would  not  have  a  fifth  of  the 
capacity  of  the  cable-system,  as  reckoned  on  the  actual  figures  of  the 
Epinac  plant. 

Summary  of  the  Pneumatic  System. 

With  a  so  much  heavier  investment  of  capital,  with  such  a  very 
small  capacity  compared  with  winding-engines  of  equal  power,  and 
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with  the  probability  of  a  ranch  greater  daily  operating  expense,  it  is 
needless  to  say  that  the  pnenmatic  system,  as  thus  far  developed, 
cannot  compete  at  all  with  the  rope-system  of  hoisting,  in  spite  of 
the  theoretical  and  the  few  practical  advantages  it  possesses  over  the 
cable  system. 

It  is,  therefore,  necessary  to  look  deeper  into  our  American  wind- 
ing practice,  to  search  for  opportunities  for  improvement,  so  that 
the  requirements  for  increased  depth  in  the  not-distant  future  may 
be  met. 

Considerations  for  the  Future. 

Theory  indicates  that  tapered  ropes  have  no  limit  in  depth,  and 
consequently  that,  by  tapering  and  counterbalancing,  ropes  may  be 
used  in  the  deepest  mines ;  but  practically,  in  using  flat  ropes  with 
reels,  as  they  are  now  made,  there  is  great  risk  of  the  rope  slipping 
oif  the  top  coils  and  jamming  down  in  the  narrow  V-space  between 
the  side  of  the  reel  and  the  coiled  rope,  with  dangerous  conse- 
quences, if  the  rope  tapers  to  half  of  its  extreme  width.  By  using 
a  guide-sheave  to  wind  the  rope  hard  against  one  side  of  the  reel, 
this  danger  may  be  overcome,  though  at  the  expense  of  more  rapid 
wear  of  the  rope,  especially  of  the  lacing.  Flat  ropes  are  now  suc- 
cessfully and  easily  made  of  taperinor  section,  and  perhaps  a  better 
device  can  be  used  than  the  above  guide-roller,  to  avoid  jamming  in 
the  reel. 

Round  ropes  are  made  tapering,  and  if  the  drum  is  grooved  to 
properly  receive  the  rope,  it  gives  no  trouble  in  winding  like  the 
flat  rope.  But  the  American  rope-makers  do. not  as  yet  advocate 
round  tapering  ropes  on  account  of  the  difficulty  of  manufacturing 
with  perfect  reliability,  though  I  understand  that  they  are  made  in 
a  satisfactory  manner  in  Germany. 

If  tapered  ropes  are  ignored  on  account  of  their  greater  cost,  and 
because  of  the  objections  of  manufacturers,  cylindrical  ropes  may 
still  be  used  for  unlimited  depth  by  sul)mitting  to  the  low  efficiency 
of  the  system  adopted  at  the  deepest  shaft  of  the  colliery  of  the 
"  Societe  des  Produits,"  at  Mons,  Belgium,  where  a  duplex,  first- 
motion  engine  hoists  from  the  1000  meter  (3280  feet)  level  to  the 
surface.  At  the  1000  meter  level  another  hoisting-engine,  run  by 
compressed  air  supplied  from  the  surface,  hoists  from  the  1100 
meter  level,  the  lowest  producing  level  at  present,  though  the  shaft 
is  being  sunk  to  the  1200  meter  level  (3937  feet).  The  surface 
engine  is  27|^  inches  by  78|  inches,  with  a  25-foot  reel,  on  whicii  winds 
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a  flat  manilla  rope  that  tapers  from  11  inches  down  to  6|  inches, 
while  the  cage  holds  only  2  cars.  The  air  is  supplied  by  a  duplex 
Pubois-Frau9ois  air-compressor  with  15^  inches  by  59  inches  air 
cylinders,  run  at  18  revolutions  per  minute  and  furnishing  air  at  45 
to  50  pounds  pressure. 

While  such  a  system  of  establishing  new  hoisting  stations  with 
engines  run  by  compressed  air  whenever  the  rope  becomes  inconve- 
niently long  (it  is  not  counterbalanced  at  the  above  pit)  can  be  car- 
ried on  indefinitely,  the  outlay  for  plant  becomes  so  great,  the  extra 
labor  and  time  involved  in  charging  cages  at  the  intermediate  levels 
are  so  expensive,  and  the  efficiency  of  a  compressor-plant  is  so  low, 
with  its  consequent  heavy  fuel  consumption,  that  the  cost  of  instal- 
lation is  almost  as  great  as  in  the  pneumatic  system,  while  the  oper- 
ating expenses  are  probably  greater. 

Improvements  in  American  Hoisting  Practice. 

The  simple,  first-motion,  cylindrical  rope-hoist,  constructed  with 
the  latest  improvements,  possesses  a  limit  so  far  beyond  our  present 
practice,  when  properly  designed,  that  there  need  be  no  anxiety  for  a 
very  long  time  to  come  as  to  its  range  of  application.  It  possesses  the 
advantages  of  a  minimum  cost  of  installation,  the  cheapest  operating 
plant  and  the  greatest  capacity  of  all  known  systems  of  hoisting. 
Thus  far,  in  America,  our  hoisting  practice,  with  few  exceptions,  is 
anything  but  creditable.  We  are  behind  European  practice.  The 
following  suggestions  show  how  we  can  still  very  much  exceed  our 
present  limits. 

(a)  By  Counierhalancing  the  Dead  Load. — If  the  system  is  ar- 
ranged (ln])lex,  or  with  a  double-compartment  shaft,  the  dead  loads  of 
the  cage  and  cars  counterbalance  one  another ;  and  if  the  ropes  are 
counterbalanced,  which  is  perfectly  effected  by  an  under-rope,  then 
there  remains  only  the  work  of  raising  the  coal  or  live  load  plus  the 
small  effort  necessary  to  overcome  the  friction  due  to  the  dead  load 
(rope,  cage,  car.s).  Hence  only  a  moderate-sized  engine  is  called  for, 
instead  of  the  large  engines  that  are  so  frequently  seen  at  our  deep 
mines.  Thus,  in  the  Lake  Superior  copper-district,  where  over  7000 
tons  of  copper-rock  are  raised  per  day  from  a  depth  of  1000  to  2500 
feet,  60  to  75  per  cent,  of  the  engine-power  is  wasted  (except  at  two 
mines),  by  using  single  hoists  in  which  a  skip  weighing  from  1|-  to  3 
tons,  and  a  rope  weighing  1 J  to  4  tons,  are  hoisted  each  trip  in  bring- 
ing up  1 1  to  2  tons  of  rock  ;  while  the  energy  of  the  descending  3  to  7 
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tons  of  skip  and  rope  adds  to  the  expense  by  wearing  out  the  brakes 
by  which  the  speed  is  kept  within  a  safe  limit.  Such  a  grossly  ex- 
travagant system  of  hoisting  not  only  calls  for  an  excessively  large 
hoisting-engine,  but  the  fuel-consumption  is  about  three  times  as 
great  as  it  should  be  to  do  the  above  amount  of  work. 

(6)  By  Using  a  Smaller  Factor  of  Safety  for  the  Rope. — For  hoist- 
ing-ropes the  factor  of  safety  should  be  made  as  low  as  possible,  con- 
sistent with  uncertainty  in  manufacture,  abuse  in  use,  sufficient 
margin  to  permit  the  reduction  in  section  due  to  wear,  and  a  work- 
ing-strain safely  below  the  limit  of  elasticity.  For  the  larger  the 
factor  of  safety  used,  the  greater  is  the  section  of  the  rope  for  a 
given  load.  This  increases  the  dead  load  due  to  the  rope's  own 
weight,  which  even  if  counterbalanced  augments  the  mass  to  be 
put  in  motion  each  trip,  with  the  consequent  strain  in  starting. 

The  increased  size  of  the  rope  decreases  its  life,  as  the  greater  the 
diameter,  other  things  being  equal,  the  more  severe  are  the  bending 
strains  and  the  quicker  the  rope  destroys  itself. 

Now  the  factor  of  safety  usually  taken  for  steel  ropes  is  7,  with 
5  as  a  minimum  and  up  to  10  as  a  maximum.  For  standard  prac- 
tice I  would  advise  4,  provided  :  that  the  diameter  of  the  sheaves 
and  drums  be  at  least  100  times  the  diameter  of  the  rope  for  slow 
hoisting  and  at  least  150  times  for  fast  hoisting;  that  a  spring*  be 
interposed  between  the  cage  and  the  rope-capping,  to  ease  the  sudden 
strain  in  starting ;  that  the  rope  be  kept  properly  oiled :  and  that 
the  rope  be  inspected  daily  for  its  entire  length,  for  careful  observa- 
tion of  the  condition  of  the  wires  and  prompt  rejection  of  the  rope 
when  a  certain  number  are  broken. 

By  thus  easing  the  bending  of  the  rope  by  the  use  of  much  larger 
sheaves  and  drams  than  is  usual  in  American  practice;  by  re- 
moving the  shock  due  to  starting;  and  by  frequent  oiling  to  prevent 
corrosion,  they  would  last  at  least  as  long  as  they  now  average  in 
American  practice.  By  lagging  the  sheave  with  wood  ;  by  having 
the  engine  set  far  enough  from  the  shaft  to  avoid  side-thrust  and 
consequent  lateral  wear  of  the  rope  at  the  sheave  and  drum  (car- 
rying the  rope  ou  wooden  rollers  from  the  sheave  to  the  engine  if 
necessary);  and  by  carefully  maintaining  the  entire  hoisting-plant 
in  proper  alignment,  the  life  of  the  rope  would  probably  be  found 

*  The  intervention  of  an  elastic  connection,  whether  a  springer  solid  rubber,  be- 
tween the  capping  and  the  cage,  need  not  in  the  least  interfere  with  a  chahi  con- 
nection of  the  rope  to  the  cage,  by  which  latter  device  the  cappings  have  to  be  less 
frequently  renewed. 
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to  be  considerably  greater  than  at  ])resent,  in  spite  of  tlie  much 
smaller  factor  of  safety  used.  By  thus  using  a  factor  of  safety  of 
4,  the  safe  working-length  of  the  l|-inch  casl-steel  rope,  when  sus- 
taining a  3-ton  cage-load,  will  be  increased  from  3000  feet  to  7500 
feet. 

By  decreasing  the  speed  of  hoisting,  the  wear  of  a  wire  rope  is 
diminished  ;  but  this  necessitates  increasing  the  load  to  maintain  a 
given  output  in  the  same  time.  Aside  from  the  other  disadvantages 
of  excessive  load,  the  maximum  size  of  the  cars  used  is  frequently 
fixed  by  conditions  that  it  is  not  economical  to  change  in  order  to 
use  large  cars.  Hence  the  more  rapid  wearing  out  of  the  ropes  due 
to  high  speed  in  deep  hoisting  is  willingly  tolerated,  in  order  to 
secure  the  capacity  and  economy  due  to  fast  hoisting;  and  the  tend- 
ency of  the  times  is  to  use  larger  and  more  powerful  engines  in 
order  to  obtain  higher  speeds  as  the  mines  become  deeper;  so  that 
this  method  of  prolonging  the  life  of  a  rope  is  not  in  favor  at 
present. 

(c)  By  the  Use  of  the  Best  3Iaferial  for  the  -Rope. — Fiber  and  iron 
ropes  are  no  longer  used  in  deep  hoisting  in  American  practice,  but 
the  term  "steel"  covers  a  very  broad  range  of  material  used  in  our 
present  practice.  The  very  soft  steel  ropes  certainly  possess  the 
greatest  flexibility,  but  they  are  deficient  in  strength,  as  the  material 
has  a  breaking-strength  of  only  about  60,000  pounds  to  the  square 
inch.  The  best  grade  of  plough-steel,  on  the  contrary,  has  a  strength 
of  300,000  pounds  per  square  inch,  but  does  not  always  give  satis- 
faction as  used  with  sheaves  only  50  to  100  times  the  diameter  of 
the  rope,  since  the  wires  break  too  readily  under  such  sharp  bend- 
ing. But  if  used  with  sheaves  and  drums  150  to  preferably  200 
times  the  diameter  of  the  rope,  and  if  the  wires  are  laid  at  an  easy 
pitch  with  the  "  Lang  lay,"  no  such  trouble  shoidd  arise ;  with 
such  a  high-grade  plough-steel  rope  of  1-|-  inch  diameter,  the  safe 
working-length,  using  a  factor  of  safety  of  4,  would  now  be  about 
30,000  feet,  or  12,500  feet  with  10  as  the  factor  of  safety.  While 
this  represents  the  highest  grade  of  rope  that  is  made  to-day,  we  see 
that  it  is  possible  to  hoist  with  perfect  safety  with  a  cylindrical  rope 
from  a  depth  that  is  vastly  beyond  any  limit  that  we  can  reach,  on 
account  of  the  heat  alone. 

The  price  of  aluminum  has  not  yet  permitted  a  thorough  investi- 
gation of  its  use  for  hoisting-ropes  as  the  basis  of  trustworthy  pre- 
dictions. But  the  unprecedented  progress  made  in  the  past  year  in 
lowering  the  price  from  $6.00  to  $1.50  a  pound,  and  the  encourag- 
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ing  outlook  for  further  material  reductiou  of  the  present  price, 
makes  the  possibility  of  using  this  metal  or  its  alloys  for  hoisting- 
ropes  worthy  of  consideration. 

The  very  low  specific  gravity  of  aluminum,  2.6,  which  is  about 
one-third  of  that  of  steel,  and  its  great  strength,  make  it  an  ideal 
metal  for  a  deep-hoisting  rope,  where  a  minimum  of  weight  and  a 
maximum  of  strength  are  demanded.  If  this  metal  or  its  alloys 
should  prove  to  have  the  requisite  flexibility,  toughness  and  strength, 
to  make  a  reliable,  durable,  hoisting-rope,  the  question  of  deep-hoist- 
ing with  only  cylindrical  ropes  is  again  settled  beyond  all  cavil. 

(d)  By  Designing  the  Cage  with  a  Minimum  of  Weight. — As  our 
mines  get  deeper,  economy  demands  that  we  shall  not  only  use  at 
least  2-deck  cages,  but  rather  3-  or  4-,  or  even  6-deckers,  as  used  at 
some  of  the  deep  mines  in  Belgium.  The  prevalent  objection  to  mul- 
tiple-deck cages  is  the  time  required  in  decking,  even  if  the  decking 
is  carried  on  simultaneously  from  two  landings  or  levels.  To  deck 
from  more  than  two,  or  at  most  three,  landings  or  levels  at  once 
makes  the  stations  very  complicated  underground  and  is  not  desirable, 
even  should  the  surface-plant  be  so  arranged  that  there  is  no  objec- 
tion to  having  the  ore  or  coal  coming  oif  on  two  or  three  levels.  As 
our  American  plants  are  too  frequently  arranged,  the  time  required 
to  run  off  the  loaded  and  run  on  the  empty  car  seldom  takes  as 
little  as  10  seconds,  more  frequently  over  15  to  20,  and  sometimes 
even  30  seconds ;  and  if  this  amount  of  time  is  multiplied  by  4  or 
6,  for  a  4-  or  6-deck  cage,  it  makes  a  serious  inroad  into  the  hoisting- 
capacity  of  the  plant. 

But  with  ample  facilities  for  accommodating  both  loaded  and 
empty  cars  at  the  landings,  with  sufficient  help  to  quickly  handle  the 
cars,  there  is  no  reason  why  we  should  not  at  least  do  as  well  as  the 
Belgians,  who  load  and  unload  a  6-deck  cage  in  30  seconds,  or  5 
seconds  per  deck,*  as  their  regular  daily  speed. 

A  multiple-deck  cage,  with  only  one  car  on  a  deck,  can  be  de- 
signed of  steel,  with  a  very  light,  and  yet  stiff  strong  frame,  in 
which  the  ratio  of  the  cage-weight  to   that  of  its  contents  is  de- 

*  At  the  "  Sacre  Madame  "  colliery  at  Charleroi  two  men  and  a  girl  pnll  off  the 
loaded  cars  from  one  side  of  the  cage,  starting  it  off  before  the  cage  rests  on  the 
chairs,  while  two  stout  girls  push  on  the  empty  car  from  the  other  side  at  the  rate 
of  5  seconds  per  decking.  The  cars  weigh  GfiO  pounds  each  and  hold  about  880 
pounds,  and  350  to  400  tons  of  coal  are  raised  per  day.  The  shaft  is  2625  feet  deep, 
and  80  to  90  seconds  are  required  to  make  the  trip,  with  a  600  horse-power  engine 
(using  a  flat  manilla  rope  made  of  8  strands,  that  tapers  from  I2J  inches  down  to 
7^  inches  in  width). 
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citledly  less  than  with  our  much  heavier  single-deck  cages;  so  tlmt 
the  strain  on  the  rope  due  to  the  weight  of  the  cage  (immaterial  as 
to  whether  it  is  operated  duplex  so  as  to  counterbalance)  will  be  very 
much  less  for  a  given  carrying-capacity,  than  with  our  usually  strong, 
needlessly  heavy  single-deck  cages.  Hence  the  rope  can  profit  by 
this  decrease  of  its  load  in  sustaining  its  own  weight  for  a  still 
greater  depth. 

If  two  cars  are  run  on  a  deck  with  the  idea  of  saving  the  time 
that  is  supposed  to  result  therefrom  in  decking,  the  cage-weight  per 
ton  of  carrying-capacity  will  be  increased  over  that  of  single-decks, 
in  consequence  of  the  much  stronger  bracing  required  for  a  cage  long 
enough  to  carry  two  cars. 

The  six-deck  steel  cage  at  the  Sacre  Madame  pit  weighs  3600 
pounds,  w^hile  the  weight.of  the  6  loaded  cars  is  about  9000  pounds, 
which  gives  a  ratio  of  cage- weight  to  carrying-capacity  of  1  :  2.5. 

Conclusion. 

The  pneumatic  system  of  Blanchet  is  practicable,  quite  safe,  and 
unhampered  by  depth  ;  but  the  installation  is  very  much  more  expen- 
sive than  that  of  the  cable-system  (approximately  twice  as  great), 
while  the  operating  expenses  are  greater  for  labor,  repairs  and 
fuel. 

The  cable-system  can  be  so  improved  by  counterbalancing  as  to 
materially  decrease  the  present  expense  of  hoisting,  while  by  more 
careful  designing  and  operating,  without  materially  increasing  the 
plant-outlay  or  the  operating  expenses,  the  present  type  of  cylindrical 
ropes  can  be  used  for  depths  beyond  what  we  are  likely  ever  to  at- 
tain by  making  the  weight  of  the  cage  a  minimum,  by  using  a  lower 
factor  of  safety,  and  by  adopting  the  strongest  rope  obtainable. 

The  possibility  of  using  aluminum  may  still  further  increase  the 
range  of  the  cylindrical  rope. 

When  our  manufacturers  meet  with  sufficient  demand  to  encourajre 
them  to  perfect  the  round  type  of  tapering  rope,  there  will  then  be 
absolutely  no  limit  to  the  range  of  cable-hoists,  although  the  best 
grades  of  cylindrical  steel  ropes  will  carry  us,  with  the  highest  factor 
of  safety  ever  used  (lOj,  to  a  greater  depth  than  we  will  probably 
ever  be  able  to  attain. 
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the  physical  and  chemical  equations  of  the 
openhejlrth  process. 

BY  H.  H.  CAilPBELL,  STEELTON,  PA. 
(New  York  Meeting,  September,  1890.) 

Introduction. 

The  following  pages  discuss  some  problems  connected  with  the 
manufacture  of  steel  by  the  open-hearth  process.  The  methods  em- 
ployed necessarily  enter  into  the  domain  of  what  is  called  theory; 
but  the  results  are  eminently  practical.  The  determination  of  the 
various  losses  of  thermal  power  and  the  investigation  into  the 
chemical  reactions  in  the  bath,  are  important  to  every  manufacturer. 
It  will  be  understood  that  definite  figures  concerning  one  furnace  and 
one  system,  will  not  apply  to  all  other  furnaces  and  systems;  but  it 
is  hoped  that  methods  are  developed,  which  are  capable  of  general 
application  and  which  will  shorten  the  labors  of  others.        * 

The  gas-calculations  contain  nothing  entirely  novel ;  but  certain 
methods  appeared  to  be  very  convenient  and  they  are  here  elabo- 
rated in  order  that  others  may  have  a  model  to  follow. 

The  determination  of  the  loss  of  iron  by  weighing  the  slag  and 
finding  the  percentage  of  iron  therein,  is  probably  unusual.  If  so, 
the  fact  is  to  be  regretted,  since  this  is  the  only  way  that  an  accu- 
rate result  can  be  obtained.  The  common  method  of  estimating 
the  loss  in  open-hearth  work,  is  to  subtract  the  weight  of  metallic 
products  from  that  of  the  materials  charged.  Nothing  could  be 
more  unsatisfactory,  inaccurate  and  meaningless.  Pig-iron,  steel, 
wrought-iron  and  ore  are  charged  into  the  furnace ;  complicated 
chemical  reactions  occur;  the  sand  of  the  pig-iron,  the  slag  from  the 
wrought-iron,  the  gangue  of  the  ore,  all  rise  to  the  top  ;  the  silicon, 
manganese  and  carbon  burn  and  leave  the  metal ;  some  of  the  iron 
oxidizes  and  goes  into  the  slag;  some  of  the  ore  is  reduced  and  gives 
up  metallic  iron  ;  the  recarbonizer  is  added,  the  mission  of  which  is 
to  waste  itself;  in  the  pouring  of  the  steel,  pit-scrap  is  made  in  the 
ladles,  around  the  moulds  and  under  the  s})Out;  the  errors  in  weigh- 
ing (he  products  join  hands  to  make  accuracy  impossible;  and  then 
the  "  /oss"  is  determined  by  difference  ! 
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If  by  "  loss  "  is  meant  a  name  for  undiscovered  errors,  the  word 
is  appropriate;  but  such  a  term  has  no  place  in  metallurgical  sci- 
ence. *  The  factor  in  this  "  lo(=s"  which  tells  the  story  of  good  or 
bad  practice,  is  the  waste  of  metallic  iron,  and  there  is  only  one  way 
of  finding  this.  It  is  the  method  employed  in  all  chemical  deter- 
minations :  weigh  the  mass  containing  the  element  sought,  find  the 
percentage  of  the  element  and  calculate  its  weight. 

There  will  also  be  found  herein  described  a  mode  of  calculating 
the  weight  of  the  slag  at  any  given  period  of  the  operation.  The 
data  necessary  for  this  must  be  collected  with  great  care;  but  the 
validity  of  the  method  cannot  be  questioned. 

In  some  of  the  calculations,  as,  for  instance,  on  the  reactions  in 
gases  passing  through  checkers,  it  will  be  found  that  the  results  do 
not  accord  with  our  expectations.  It  is,  therefore,  proper  to  remark 
that  the  investigations  were  carried  out  by  men  of  scientific  training 
and  practical  experience ;  that  all  known  causes  of  error  were  care- 
fully eliminated  and  that  no  personal  reason  existed  for  the  falsifi- 
cation of  returns.  Under  such  circumstances,  a  seemingly  absurd 
result  should  be  chronicled,  as  it  indicates  either  the  incorrectness  of 
our  theories,  or,  by  proving  the  possibility  of  unseen  errors,  shows 
that  happy  answers  may  be  due  to  a  fortuitous  cancellation  of 
mistakes. 

The  following  is  a  synopsis  of  the  argument  and  arrangement : 

Synopsis. 
General  Data : 
Sec.  1.  Chemical  methods  and  physical  data  on  which  calculations  are  based. 

Thermal  Calculations: 

Sec.  2-7.  The  methods  employed,  with  examples. 

The  Producer: 

Sec.  8.  General  observations  on  certain  elements  of  producer-practice. 

Sec.  9-10.  Calculations  in  producer-work. 

Sec  11.  On  averaging  gas-analyses. 

Sec.  12-15.  Use  of  steam  in  producer. 

Sec  16-18.  Loss  of  thermal  power  in  producer. 

Sec  19.  The  gas  used  as  a  basis  for  subsequent  calculations. 

Sec  20   The  general  equation  of  the  producer. 

Sec  21-25.  Experiments  on  the  use  of  steam. 

The  Combustion  of  Gas — Theoretical: 

Sec.  26-28.  The  theoretical  combustion  of  various  gases. 
Sec  29-30.  The  latent  heat  of  products  of  combustion  of  various  gases. 
VOL.  XIX. — 9 
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Tlie  Combustion  of  Gas — Practical: 
Sec.  31.  Analyses  of  products  of  combustion. 
Sec  32-36.  Excess  of  air  in  products,  and  loss  of  heat  thereby. 
.Sec.  37-42.  Deficiency  of  air  in  products,  and  loss  of  heat  thereby. 
Sec.  43-59.  Analyses  and  calculations  of  products  of  combustion. 
Note — Sec.  52-57.  The  influence  of  the  chemical  reactions  of  the  bath  upon  the 
products  of  combustion. 

The  Use  of  Oil- Fuel  : 
Sec  60.  Analyses  and  calculations  on  products  of  combustion. 

The  Chemical  Equation  of  the  Acid  Process: 
Sec.  61-68.  The  chemical  reactions  considered  with  particular  regard  to  the 
formation  and  reduction  of  iron  oxide. 

The  Chemical  Equation  of  the  Basic  Process : 

Sec.  69-81.  The  chemical  reactions  considered  with  particular  regard  to  the 
formation  and  reduction  of  iron  oxide  and  the  oxidation  of  phosphorus. 

The  Thermal  Equation : 

Sec.  82-86.  Determination  of  factors. 

Sec  87.  General  thermal  equation. 

Sec.  88.  Consumption  of  coal  in  an  empty  furnace. 

The  Dynamical  Equation ; 
Sec  89.  General  observations. 

General  Data. 

Section  1.  Chemical  llethods  and  Physical  Data. — The  following 
is  a  brief  outline -of  the  methods  employed  in  making  the  analyses 
of  gases  and  slags  mentioned  in  this  paper. 

Gas-Analysis : 

Orsat  apparatus  (with  spiral  of  platinum  for  combustion  of  H  and 
CHJ  for  estimation  by  absorption  of  COj,  CjH^  (CgHg — QHg),  O, 
CO,  H,  CH,  and  N. 

(1)  CO,  by  solution  in  caustic  potash. 

(2)  CaH^  (CsHg  —  CiHg)  by  bromine  water,  subsequently  remov- 
ing vapor  of  bromine  by  potash  pipette. 

(3)  Oxygen  by  alkaline  pyrogallol. 

(4)  CO  by  cuprous  chloride  and  hydrochloric  acid.  [Absorption 
is  complete,  if  cuprous  chloride  is  fresh.  If  solution  is  used  too 
long,  it  will  give  up  CO  to  a  gas  containing  none.] 

(5)  Hand  CH4  by  combustion  with  oxygen  in  platinum  spiral. 

(6)  AI)Sorb  COj  from  combustion  of  CH^  in  pott\sh. 

(7)  Nitrogen  remaining  unabsorbed. 
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Shg-Aiialysis : 

One  gramme  dissolved  in  HCl  plus  a  little  HNO3.  Evaporate  to 
dryness,  redissolve  in  HCl  +  H2O.  Filter  off  Si O2.  In  filtrate  ex- 
pel IICl  by  HNOg  and  precipitate  Mn  by  KCIO3,  weighing  Mn 
finally  as  pyrophosphate.  Filtrate  from  MnO^,  run  down  to  small 
bulk,  add  HCl,  and  make  basic  acetate  separation. 

P.^O^  determined  from  basic  acetate  precipitate  by  dissolving  in 
HCl,  running  down,  adding  citric  acid,  ammonia  and  magnesia 
mixture;  weigh  as  pyrophosphate  of  magnesia. 

CaO  and  MgO  determined  in  filtrate  from  basic  acetate  separa- 
tion. FeO  determined  in  a  separate  portion  by  dissolving  in  HCl, 
reducing  with  stannous  chloride,  adding  mercuric  chloride  and 
titrating  with  bichromate  of  potash. 

Fhosphorus  in  Fig-Iron : 

This  was  determined  by  the  acetate  method,  as  described  by  Blair.* 


The  Physical  Data. 

By  weight. 

By  volume. 

(a) 

(b) 

(c) 

(d)                    (e) 

Air,  . 

.    1.29 

.237 

.307 

N,     .       . 

.    1.26 

.244 

.307 

0,     .       . 

.    1.43 

.218 

.312 

H2O, 

.    0.80 

.475 

.382 

CO3, 

.    1.97 

.216 

.426 

H,     .       . 

.    0.09 

3.405 

34,500 
30,000 

.305              3,090 
2,660 

CO,   .       . 

.    1.25 

.248 

2,400 

.310             3,000 

CH„  .     . 

.    0.72 

.593 

11,900 

.424              8,480 

CjH^, 

.    1.25 

.369 

11,200 

.463            14,000 

1  kilo  C     burned  to  CO.2  produces  8080  calories. 
1    "     C  "       CO  "       2470      " 

1    "    CO        ."        CO2  "       2400      " 

(a)  Weight  of  1  cubic  meter  in  kilogrammes. 

(b)  Specific  heat  per  kilogramme. 

(c)  Calorific  power  per  kilogramme. 

(d)  Specific  heat  per  cubic  meter. 

(e)  Calorific  power  per  cubic  meter. 

Thermal  Calculations. 

•    Sec.  2.  Determination  of  the  Specific  Heat  of  a  Mixed  Gas. — The 
number  of  calories  absorbed  in  heating  a  given  volume  of  a  mixed 

*  Chemical  Analysis  of  Iron,  Lippincott,  1888,  p.  72.  Mr.  Blair  has  also  described 
his  practice  by  this  method  in  a  paper  entitled  "  Determination  of  Phosphorus  in 
Iron  and  Steel,"  Tran^.  iv.,  212. 
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gas  through  a  given  temperature,  will  be  the  aggregate  number  of 
calories  absorbed  by  the  several  components. 

The  number  of  calories  absorbed  by  each  component  will  be  the 
product  of  its  volume,  expressed  in  cubic  meters,  and  its  specific  heat. 
The  calculation  is  illustrated  by  the  following  examples : 

Gas  A. 

(a)  (b)  (c) 

CO2, 5.2  X. 426=  2.215 

O, 0.4  X. 312=  0.125 

C2H4, 0.4  X. 463=  0.185 

CO, 22.8  X  .310  =  7.068 

H, 8.5  X  .305  =  2.593 

CH4, 2.4  X. 424=  1.018 

X,   .       .       . 60.3  X  .307  =  18.512 

Specific  heat,  100  cubic  meters, 31.716 

"  «        1      «        «  0.3172 

GasB. 

(a)        (b)  (c) 

CO2 2.8  X. 426=  1.193 

O, 0.4  X. 312=  0.125 

CgH^, 0.0  X. 463=  

CO, 27.6  X. 310=  8.556 

H 2.7  X  .305  =  0.824 

CH^       .        • 2.2  X. 424=  0.933 

N, 64.3  X. 307  =  19.740 

Specific  heat,  100  cubic  meters, 31.371 

"        1      "        "  0.3137 

(a)  Composition  in  percentage  by  volume. 

(b)  Specific  heat  per  cubic  meter. 

(c)  Specific  heat  of  100  cm.  of  mixed  gas. 

Gas  A  is  ail  average  gas;  Gas  B,  an  abnormal  specimen.  It  will 
be  noticed  that  the  results  are  nearly  alike.  This  follows  from  the 
fact  that  the  specific  heats  of  O,  CO,  H  and  N  are  nearly  the  same. 

The  amount  of  C^H^,  in  any  ordinary  producer-gas,  is  too  small 
to  affect  the  result  materially.  The  only  factors,  the  variation  of 
which  alters  to  any  extent  the  general  value,  are  CH^  and  COj.  The 
influence  of  each  can  be  calculated  as  follows : 

Specific  heat,  Cn^, 0.424 

"  average  gas, 0.317 

Difierence, 0.107 

Specific  heat,  CO2 0.426 

"  average  ^■^!',         ...        .         .         .         .         .     0  317 

Difference, ..    0.109 
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It  follows  that  a  variation  of  1  per  cent,  in  the  amount  present  of 
either  of  these  gases  will  cause  a  variation  of  1  per  cent,  of  this 
difference  =  0.0011,  or  one-third  of  1  per  cent,  of  the  total. 

For  practical  work,  therefore,  the  variations  in  specific  heat,  due 
to  ordinary  irregularities  in  composition  of  producer-gases,  fall  below 
the  unavoidable  errors  of  temperature  determinations.  Hence,  in 
subsequent  calculations,  the  value  of  0.317  calories  per  cubic  meter 
will  be  taken  as  the  specific  heat  of  any  ordinary  producer-gas.  The 
average  temperature  of  such  gases,  as  they  leave  the  fire,  may  be 
assumed  to  be  750°  C.  Hence,  the  loss  in  sensible  heat,  per  cubic 
meter  of  gas  produced,  will  be  750  X  0.317  =  238  calories. 

Sec.  3.  Determination  of  the  Calorific  Poioer  of  a  3Iixed  Gas. — 
The  number  of  calories,  produced  by  the  combustion  of  a  given 
volume  of  a  mixed  gas,  will  be  the  aggregate  number  of  calories 
produced  by  the  combustion  of  the  several  components. 

The  number  of  calories  produced  by  each  component,  will  be  the 
product  of  its  volume,  expressed  in  cubic  meters,  and  its  calorific 
power,  expressed  in  calories  per  cubic  meter.  This  calculation  is 
illustrated  by  the  following  example  : 

(a)  (b)             (c) 

cm.  Calories. 
CO2,    .........      5.2 

O, 0.4 

CjH^ 0.4x14,000=      5,600 

CO 22.8  X  3,000=   68,400 

H, 8.5  X  2,660=    22,610 

CH„ 2.4  X  8,480=    20,352 

N, 60.3 


100  give  116.962 

1  gives  1,170 

(a)  Composition  in  percentage  by  volume. 

(b)  Calorific  power  per  cubic  meter. 

(c)  Calorific  power  in  100  cm.  of  mixed  gas. 

Sec.  4.  TJie  Carbon-Ratio. — Tn  the  operation  of  a  producer  for 
the  manufacture  of  gas,  a  considerable  portion  of  the  fuel  is  removed 
from  the  grates  with  the  ash,  in  the  form  of  coke  or  carbon.  This 
loss  will  vary  from  5  to  20  per  cent,  of  the  weight  of  the  original 
coal.  A  part  of  this  coke  may  be  separated  and  put  back  into  the 
fire,  or  it  may  be  used  for  other  purposes.  Another  portion  of  the 
fuel  is  converted  into  soot  and  tar ;  these  are  condensed  and  deposited 
m  the  tube  and  serve  no  useful  purpose.     From  these  considerations 
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it  follows  that  a  given  weight  of  coal  is  not  a  convenient  basis  for 
some  thermal  calculations  ;  in  place  of  it,  there  may  be  taken  one 
kilogramme  of  carbon  in  a  gaseous  form.  Knowing  the  percentage 
of  carbon  in  the  coal,  the  amount  lost  in  the  ash,  in  soot  and  in  tar, 
the  results  of  a  particular  practice  may  be  derived  in  terms  of  coal. 

The  amount  of  hydrogen  in  the  gas  for  one  kilogramme  of  car- 
bon depends  primarily  upon  the  relation  in  the  coal ;  but  this  pro- 
portion is  changed  by  the  loss  of  carbon  in  the  ash,  by  the  decom- 
position of  steam,  and  by  the  loss  of  carbon  and  hydrogen  in  the 
soot  and  tar.  The  result  is  that  the  relative  amount  of  hydrogen 
in  the  gas  is  from  10  to  50  per  cent,  higher  than  in  the  coal ;  this 
proportion  may  most  conveniently  be  stated  as  the  numerical  value 
of  the  total  carbon  by  weight,  divided  by  the  total  hydrogen  by 
weight  in  a  given  volume  of  the  gas,  and  will  be  designated  as 
C/H  :=:  carbon-ratio. 

In  gases  made  under  the  same  general  practice,  this  value  indi- 
cates the  special  conditions  under  which  a  particular  specimen  is 
manufactured. 

8ec.  5.  Determination  of  the  Relation  by  Weight  between  Carbon 
and  Hydrogen  in  a  Mixed  Gas. — Every  gas  contains  the  same  num- 
ber of  molecules  in  one  unit  of  volume ;  hence,  the  figures  which  ex- 
press percentage  by  volume,  also  express  the  number  of  molecules  of 
each  component  in  a  total  volume  of  100  molecules.  Knowing 
thus  the  relative  number  of  molecules,  we  may  calculate  the  rela- 
tive number  of  atoms  of  any  element,  and,  from  the  atomic  weight, 
find  the  relative  weight  of  each  element.  The  following  is  an  ex- 
ample of  the  work : 

(a>  (b)  (c)  (d)  (e) 

CO2,  ....  5.2  5.2                                62.4 

O,     .  .       ...  0.4 

C^H,,  ...  0.4             0.8              1.6                9.6              1.6 

CO,   .  .       .       .  22.8            22.8                              273.6 

H,     .  .       .       .  8.5                              17.0                                17.0 

CH^,  .  .       .        .2.4  2.4              9.6              28.8              9.6 

N,     .  .       .       .  60.3 


374.4  28.2 


C/H  =  ?^  =  13.3 

28.2 

(a)  Composition  by  volume  =  number  of  molecules. 

(b)  Relative  number  of  atoms  of  carbon. 

(c)  Relative  number  of  atoms  of  liydrogen. 

(d)  Relative  weight  of  atoms  of  carbon. 

(e)  Relative  weiglit  of  atoms  of  hydrogen. 
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Sec.  6.  A  Shorter  3Iethod  for  the  Same  Determination. — It  will  be 
noticed  that  the  relative  weight  of  the  atoms  can  be  obtained  directly 
by  mnltiplication  of  the  figures  expressing  the  percentages  by  volume. 
The  multiplier  will  be  as  follows  for  the  different  gases : 


CO,,.  .     12  1 

CH  /C,   24   I 

'-•^"*  IH,    4 

CO,  .  .    12  [ 

PR  /C,   12 

CH„  jjj^    4 

H,      .        .2 


This  can  be  reduced  to  the 
simpler  ratio: 


CO,,  . 
C.H„    { 
CO,    . 


CH„ 
LH, 


C,     12 

H,      2 

.      6 

6 

2 

1 


C, 
H, 


Using  this  simpler  method  the  work  stands  as  follows 

31.2 


CO,, 
O,    . 

CoHi, 


5.2  X    6 
0.4 
X    2 
X12 
CO 22.8  X    6 

H ^Hxl 

CH, 2.4  X    6 

N tiO.3 


C/H=ML2=13  3. 
'  14.1 


0.4  { 


0.8 


4.8 
136.8 


8.5 
4.8 


14.4 


1S7.2 


14.1 


Sec.  7.  The  Empirical  Translation  of  these  Relative  Results  into 
Gh'avimetric  Terms. — The  method  just  described  furnishes  a  short 
cut  to  the  determination  of  relative  amounts.  It  contains  no  factor 
of  definite  gravimetric  value.  It  follows,  however,  from  the  neces- 
sities of  the  case,  that  the  results  of  this  system  will  always  bear  a 
definite  relation  to  the  results  of  gravimetric  calculation.  This  rela- 
tion may  be  found  by  comparison  : 


(a)  (b) 

ICO,   X  6  = 

1  CH,  X  6  = 

ICO    X  6  = 


fc) 
6 
6 
6 


ICjH.X  12  =  12 


(a) 
ICH,  X 
1  C,H,  X 
IH      X 


(b) 
2  = 

1  = 


Carbon. 

(d)          (e)            (f)  (g) 

1.9666  X  XT  =  0.53635  11.187 

0.71.55  X  I  =0.5366  11.181 

1.2515  X  f  =0.-53636  11.187 

1.2.520  X  f  =1.07314  11.182 

Hydrogen. 

(d)          (e)            (f)  (g) 

0.7155  X  }  =0.1789  11.179 

1.2520  X  j  =0.1789  11.179 

0.0896  X  1  =0  0896  11.161 
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(a)  One  volume  of  gas. 

(b)  Multiplier.    vSee  Section  6. 

(c)  Product.     See  Section  6. 

(d)  Weight  of  1  cubic  meter  of  gas  in  kilogrammes. 

(e)  Proportion  by  weight  of  carbon  (in  second  table  of  hydrogen)  in  gas. 

(f)  Weight  of  carbon  (in  second  table  of  hydrogen)  in  1  cubic  meter  of  gas. 

(g)  -J  =  relation  between  the  relative  and  the  gravimetric  systems. 

It  will  be  seen  that  the  relation  is  practically  the  same  for  all  the 
gases  which  are  found  in  producer-products,  and  the  results  obtained 
by  the  method  given  in  Sections  6  and  7  represent  the  actual  weight 
in  kilogrammes  of  the  carbon  and  hydrogen  in  multiples  of  11.18 
cubic  meters  of  any  mixed  gas  whose  carbonaceous  and  hydrogenated 
components  include  no  members  except  CH^,  CjETj,  COg,  CO  and  H. 

The  Producer. 

Sec.  8.  The  Calorific  Effieieney  of  the  Producer. — Two  methods 
are  in  common  use  as  a  means  of  comparing  the  economy  of  pro- 
ducer-practice:  (1)  the  determination  of  the  amount  of  CO,  in  the 
gas ;  and  (2)  the  calculation  of  the  calorific  power  per  unit  of  volume. 
Practically,  when  running  under  regular  conditions,  either  of  these 
methods  furnishes  fairly  comparable  results.  As  a  theoretical 
standard,  each  is  deficient. 

We  must  know  not  only  the  heating-power  per  unit  of  volume, 
but  also  the  amount  of  coal  used  in  the  production  of  that  volume 
and  the  amount  of  heat  lost.  In  other  words,  we  must  have  the 
relation  between  power  sacrificed  and  power  obtained. 

The  first  factor  in  the  problem  is  the  loss  of  carbon  in  the  ash, 
as  pointed  out  in  Section  4.  If  10  per  cent,  of  the  coal  used  is  re- 
moved from  the  grates  in  the  form  of  carbon,  the  gas  will  contain 
all  the  hydrogen  of  the  fuel  and  only  about  90  per  cent,  of  the  carbon ; 
the  result  will  be  a  gas  of  higher  heating-power  than  would  be  ob- 
tained under  better  practice;  similarly,  if  a  sample  of  gas  be  taken 
soon  after  a  fresh  supply  of  coal  has  been  added,  a  high  calorific 
value  will  be  found,  owing  to  the  presence  of  an  abnormal  amount 
of  hydrocarbons. 

These  two  conditions  will  announce  themselves  in  a  decreased 
carbon-ratio.  From  these  considerations  it  is  plain  that  every 
specimen  of  gas  used  as  a  sample  should  represent  a  set  of  normal 
conditions ;  should  not  be  a  creation  of  temporary  factors,  but  a 
chapter  from  a  continuous  history.  Thus  the  calculation  of  a  water- 
gas  is  not  a  measure  of  its  economy  ;  all  the  gases  must  be  collected 
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which  are  evolved  at  all  periods  of  the  intermittent  work,  and  the 
calorific  value  must  be  obtained,  corresponding  to  1  kilogramme  of 
carbon.     The  steps  of  the  work  may  be  summarized  as  follows  : 

(1)  Determination  of  weight  of  carbon  per  cubic  meter. 

(2)  Number  of  cubic  meters  per  kilo  of  carbon. 

(3)  Calorific  value  per  cubic  meter. 

(4)  Calorific  value  per  kilo  of  carbon. 

Having  obtained  these  data,  we  may  calculate  the  number  of 
calories  made  in  the  producer  in  the  combustion  of  carbon  to  CO 
and  COj,  the  steps  being  as  follows  : 

(1)  Number  of  cubic  meters  of  gas  per  kilo  of  carbon. 

(2)  Weight  of  CO  and  CO2  per  kilo  of  carbon. 

(3)  Weight  of  C  burned  to  CO,  and  calories  produced. 

(4)  Weight  of  C  burned  to  COg,  and  calories  produced. 

.  Sec.  9.  Example  of  Determination  of  Carbon  in  Gas,  and  the  Vol- 
ume of  Gas  from  1  Kilo  of  Gasified  Carbon. 

CO,,         .... 
O 

t-aH^,         .         .         .         • 

CO, 

H 

CH„        .... 
N, 

Carbon  in  100  cm 16.73 

(a)  Composition  by  volume. 

(b)  Weight  per  cubic  meter. 

(c)  Weight  of  component  in  100  cm.  of  gas. 

(d)  Weight  of  carbon  in  100  cm.  of  gas. 

Carbon  in  100  cm.  =  16.73  kilos. 
Carbon  in      1  cm.  =    0.1673  kilos. 

Volume  of  gas  containing  1  kilo  carbon  =  — =  5.98  cm. 

Calorific  value  per  cubic  meter,  1170  calories. 

Calorific  value  per  kilo  of  gasified  carbon,  1170  X  5.98  =  6997  calories. 

Sec.  10.  Example  of  Calculation  of  Heat  Made  in  Producer  per 
Kilo  of  Gasified  Carbon.     (See  data  in  Section  9.) 


(a) 

(b) 

(c) 

(d) 

5.2 

1.97 

10.24 

2.79 

0.4 

0.4 

1.25 

0.50 

0.43 

22.8 

1.25 

28.50 

12.21 

8.5 

2.4 

0.72 

1.73 

1.30 

60.3 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

To  CO.,, 

.   2.79 

0.0279 

5.98 

0.1668 

8080 

.  1348 

To  CO,  . 

.  12.21 

0.1221 

5.98 

0.7301 

2470 

1803 

Calories  made  in  producer,         .         .  ....     3151 
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(a)  Carbon  burned  per  100  era.  of  gas.     See  Section  9. 

(b)  Carbon  burned  per  1  cm.  gas. 

(c)  Cubic  meters  of  gas  per  kilo  of  carbon.     See  Section  9. 

(d)  Kilos  of  carbon  burned  to  CO  and  COj  per  kilo  of  gasified  carbon. 

(e)  Calorific  value  of  combustion. 

(f )  Calories  produced  per  kilo  of  gasified  carbon. 

Sec.  11.  Averages  of  Gas- Analyses. — It  is  evident  from  a  consid- 
eration of  the  facts  given  in  Section  8  that  each  particular  gas  should 
be  considered  by  itself.  It  is  the  product  of  certain  definite  condi- 
tions among  which  may  be  mentioned  : 

(1)  The  loss  of  carbon  in  the  ash. 

(2)  The  thickness  of  the  fire. 

(3)  The  temperature  of  the  fire. 

(4)  The  amount  of  steam  entering. 

Even  were  these  the  only  conditions  involved  it  is  certain  that, 
theoretically,  no  average  of  gases  would  give  an  average  of  results.. 
This  truth  may  be  stated  mathematically  hy  the  axiom :  The  mean 
quotient  is  not  the  quotient  of  the  mean. 

If,  however,  the  gases  are  made  under  practically  the  same  con- 
ditions, and,  within  practical  limits,  have  a  similar  composition,  the 
method  of  finding  the  average  gas  by  obtaining  the  average  of  each 
component  will  be  very  near  the  truth,  and  will  tend  to  reduce  to  a 
minimum  the  errors  of  collection  and  determination.  The  follow- 
ing is  a  calculation  showing  the  true  equation  of  two  different  gases 
and  the  equation  of  the  mean  gas  : 


CO2 

0 

C2H4 

CH. 

H 

CO 

N 

Gal.  val. 

C/H 

(1) 

5.6 

0.4 

0.4 

3.6 

5.6 

20.0 

64.4 

1110.2 

13.18 

(2) 

4.0 

0.4 

0.4 

4.4 

5.3 

23.6 

6L9 

1278.1 

13.17 

Av. 

4.8 

0.4 

0.4 

4.0 

5.45 

21.8 

63.15 

1194.2 

Calculating  the  calorific    efficiency    per  kilogramme  of  gasified 
carbon,  we  have : 

Kilo  C  Kilo  H  Cm.  from  Cal.  Calories 

per  cm.  per  cm.  1  kilo  C.  value.         per  kilo  C. 

(1)  0.16097  0.01221  6.212  1110  6.895 

(2)  0.17601  0.01335  5.682,  1278  7.262 

Average,   ...........     7.079 

The  average  gas  gives  as  follows  : 

0.16849  0.01279  5.935  1194  7.086 

These  gases  differ  as  widely  as  is  usual  with  specimens  made  under 
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regular  conditions,  and  the  error  caused  by  the  incorrect  system  of 
averages  is  found  to  be  only  7  calories  per  kilogramme,  or  about 
one-tenth  of  1  per  cent,  of  the  total  value. 

Sec.  12.  a  Comparison  of  Two  Methods  of  Making  Gas. — Coal 
used  :  Carbon,  82  per  cent. ;  hydrogen,  4.7  per  cent. 

Method  A. — Open  grates,  no  steam  in  blast.     Loss  of  carbon  in 

ash  =  20  per  cent,  of  weight  of  coal ;  hence  carbon  gasified  =  62 

per  cent,  of  weight  of  coal.    Loss  of  potential  heat  in  ash  per  kilo  of 

coal  : 

0.20  X  8080  =  1616  calories. 

Method  B. — Open  grates,  steam-jet  in  blast.  Loss  of  carbon  in 
ash  =  6  ])er  cent,  of  weight  of  coal ;  hence  carbon  gasified  =  76  per 
cent  of  weight  of  coal.    Loss  of  potential  heat  in  ash  per  kilo  of  coal : 

0.06  X  8080  =  485  calories. 

Sec.  13.   General  Samples  of  Gas  Made  by  Method  A: 


COo 

0 

C2H4 

CO 

H 

CH4 

N 

Cal.val. 

C/H 

(1), . 

3.6 

0.4 

0.0 

24.8 

8.5 

4.0 

58.7 

1309 

11.8 

(2),  . 

4.8 

0.4 

0.2 

21.8 

6.0 

5.2 

61.6 

1283 

11.5 

(3),  . 

5.6 

0.4 

0.4 

20.8 

7.2 

3.0 

62.6 

1125 

12.9 

(4).  . 

5.6 

0.4 

0.4 

20.0 

5.6 

3.6 

64.4 

1110 

13.2 

(5),  . 

5.2 

0.4 

0.4 

21.6 

7.2 

3.2 

62.0 

1137 

12.8 

(6),  . 

5.2 

0.4 

0.4 

22.0 

6.0 

3.0 

63.0 

1130 

14.3 

(7),  . 

4.4 

0.4 

0.4 

23.4 

8.0 

3.4 

60.0  ■ 

1259 

12.3 

(8), 

4.4 

0.4 

0.4 

22.8 

5.7 

3.4 

62.9 

1180 

14.2 

(9).  . 

4.0 

0.4 

0.4 

23.6 

5.3 

4.4 

61.9 

1278 

13.2 

(10),  . 

5.6 

0.4 

0.4 

20.2 

8.5 

4.2 

60.7 

1244 

10.4 

Av.,         4.84        0.4        0.34        22.1         6.8         3.74        61.78         1209 

C/H  of  average  gas  =  12.58. 
Sec.  14.   General  Samples  of  Gas  Made  by  Method  B  : 


CO2 

0 

CoHi 

CO 

H 

CH4 

N 

Cal.  val. 

C/H 

(11), 

5.2 

0.6 

0.4 

24.0 

6.9 

2.2 

60.7 

1146 

16.0 

(12), 

5.2 

0.4 

0.4 

22.8 

8,5 

2.4 

60.3 

1170 

13.3 

(13). 

5.2 

0.4 

0.4 

23.2 

8.5 

2.8 

59.5 

1216 

12.9 

(14), 

5.0 

0.4 

0.2 

24.0 

8.9 

2.4 

59.1 

1188 

13  5 

(15), 

5.4 

0.6 

0.4 

22.2 

8.3 

2.6 

60.5 

1163 

13.0 

(16), 

6.0 

0.6 

0.4 

21.0 

8.0 

3.4 

60.6 

1187 

12.0 

(17), 

5.2 

0.8 

0.4 

24.0 

9.8 

2.6 

57.2 

1258 

12.4 

(18), 

5.2 

0.4 

0.2 

21.8 

8.0 

2.4 

62.0 

1098 

13.5 

(19). 

4.6 

0.4 

0.4 

23.6 

8.7 

2.4 

59.9 

1200 

13.2 

(20), 

.  6.0 

0.8 

0.4 

20.8 

8.1 

2.4 

61.5 

1099 

13.1 

Av,,         5.3        0.54        0.36        22.74        8.37         2.56         60.13         1172 
C/H  of  average  gas  =:  13.22. 
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Sec.  15.  Comparison  of  Average  Gases  Made  by  Methods  A  and  B. 


See  Sections   9  and 
10  for  method 


a)  Carbon  in  one  cubic  meter,      ..... 

b)  Cubic  meters  of  gas  per  kilo  of  gasified  carbon   (1  -h  a), 

c)  Calorific  value  per  cubic  meter,       .... 

d)  Calorific  value  per  kilo  of  gasified  carbon  (b  X  c), 

e)  Calories  lost  in  production  of  CO„, 

f)  Calories  lost  in  production  of  CO, 

g)  Total  calories  made  in  producer, 
h)  Total  calories  in  gas  (d  +  g).  • 
k)  Per  cent,  in  producer  (g-i-h), 
1)    Per  cent,  in  gas  (d -f- b), 
m)  Hydrogen  per  kilo  of  gasified  carbon,     . 
n)  Hydrogen  per  kilo  of  coal,     . 
o)  Hydrogen  in  one  kilo  of  coal,  by  analysis, 
p)  Hydrogen  from  air  and  steam  (n  —  o),  . 
r)   Per  cent,  hydrogen  from  air  and  steam  (p  -i-  n), 
s)  Cubic  meters  of  gas  per  kilo  of  coal    f  62  per  cent 

(See  Section  12),  |  76  per  cent 

62  per  cent,  of  g, 
76  per  cent,  of  g, 
u)  Calories  lost  in  ash  per  kilo  of  coal  (See  Section  12), 

v)  Calories  in  gas  per  kilo  of  coal. 


ofb, 
of  b. 


t)  Calories  in  producer  per  kilo  of  coal. 


f  62  per  cent,  of  d, 
176    " 


A. 

.1683 

5.94 

1209 

7181 

1248 

1760 

3008 

10,189 

29.5 

70.5 

0.0795 

0.0493 

0.047 

0.0023 

4.5 

3.68 

1865 

1616 
4452 


"d, 


w)  Total  calories  per  kilo  of  coal  (t  +  u  -f-v), 

x)  Per  cent,  in  ash  (u-i-w), 

y)  Per  cent,  in  producer  (t  -;-  w), 

z)  Per  cent,  in  gas  (v -r- w), 


7933 
20.4 
23.5 
56.1 


B. 

.1680 
5.95 
1172 
6973 
1374 
1791 
3165 

10,138 
31.2 
68.8 

0.0756 

0.0575 
0.047 

0.0105 
18.3 

4.52 

2405 

485 

5299 

8189 

5.9 

29.4 

64.7 


Sec.  16.  The  Loss  of  Thermal  Power  in  the  Producer. — If  we 
assume  that,  for  gases  made  under  the  same  general  conditions,  the 
loss  of  carbon  in  the  ash  is  the  same,  we  may  compare  the  various 
samples  on  the  basis  of  1  kilo  of  gasified  carbon,  without  reducing 
to  terms  of  coal. 

The  following  is  such  a  comparison,  with  sa,mples  arranged  ac- 
cording to  the  percentage  lost  in  the  producer.  Each  set  is  divided 
into  two  groups,  and  averages  are  taken  in  order  that  a  comjiarison  of 
the  higher  and  lower  classes  may  be  made.  It  will  be  noticed  that, 
as  a  rule,  economy  of  practice  is  portrayed  by  a  low  percentage  ot 
COj.  Samples  varying  from  this  law,  will  be  found  to  have  a  low 
carbon-ratio,  showing  an  abnormal  amount  of  hydrogen  which  makes 
itself  felt  in  the  calorific  value. 
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Sec.  17.   Gases  Made  by  Method  A,  Compared. 


(a) 

(b) 

(c) 

fd) 

(e) 

(f) 

(g) 

(h) 

(i) 

(k) 

(1) 

(1), 

3.6 

n.8 

898 

1890 

2788 

1309 

.1738 

5.75 

7532 

10,320 

27.0 

(9), 

4.0 

13.2 

979 

1769 

2748 

1278 

.1769 

5.65 

7225 

9,973 

27.6 

(2), 

4.8 

n.5 

1202 

1669 

2871 

1283 

.1730 

5.78 

7416 

10,287 

27.9 

(7), 

4.4 

12.3 

1110 

1808 

2918 

1259 

.1717 

5.82 

7332 

10,2-50 

28.5 

(10), 

5.6 

10.4 

1468 

1619 

3087 

1244 

.1654 

6.05 

7521 

10,608 

29.1 

Av.,. 

4.48 

11.84 

28.02 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(k) 

(1) 

(8), 

4.4 

14.1 

1131 

1794 

2925 

1180 

.1686 

5.93 

6999 

9,924 

29.5 

(5), 

5.2 

12.8 

1362 

1731 

3093 

1167 

.1653 

6.05 

7060 

10,153 

30.5 

(4), 

5.6 

13.2 

1505 

1644 

3149 

1110 

.1610 

6.21 

6894 

10,043 

31.35 

(6), 

5.2 

14.3 

•1356 

1753 

31U9 

1130 

.1662 

6.02 

6799 

9,908 

31.38 

(3), 

5.6 

12.9 

1498 

1702 

3200 

1125 

.1621 

6.17 

6940 

10,140 

31.6 

Av.,  .    5.2      13.46 

(a)  Percentage  of  CO;^  in  the  gas,  by  volume. 

(b)  Carbon-ratio. 

(c)  Calories  produced  by  combustion  of  C  to  CO2  in  the  producer. 

(d)  Calories  produced  by  combustion  of  C  to  CO  in  the  producer. 

(e)  Total  calories  made  in  the  producer. 

(f)  Calorific  value  of  gas  per  cubic  meter. 

(g)  Carbon  per  cubic  meter. 

(h)  Cubic  meters  per  kilo  of  carbon  in  the  gas. 
(i )  Calorific  value  per  kilo  of  carbon  in  the  gas. 
(k)  Total  calories  in  the  producer  and  in  the  gas. 
(1)  Per  cent,  in  the  producer. 


30  88 


Sec.  18.   Gases  Made  by  Method  B,  Compared : 


(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(k) 

(1) 

(19), 

4.6 

13.2 

1188 

1855 

3043 

1200 

.1684 

5.94 

7128 

10,171 

29.9 

(17), 

5.2 

12.4 

1293 

1818 

3111 

1258 

.1749 

5.72 

7196 

10,307 

30.2 

(13), 

5.2 

12.9 

1309 

1786 

3095 

1216 

.1717 

5.82 

7077 

10,172 

30.4 

(12), 

5.2 

13.3 

1349 

1803 

3152 

1170 

.1673 

5.98 

6997 

10,149 

31.1 

(14), 

5.0 

13.5 

1275 

1862 

3137 

1188 

.1707 

5  86 

6962 

10,099 

31.1 

Av., . 

5.0| 

13.06 

30.5 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(k) 

(1) 

(15), 

5.4 

13.0 

1406 

1769 

3175 

1163 

.1662 

6.02 

7001 

10,176 

31.2 

(16), 

6.0 

12.0 

1559 

1662 

3221 

1187 

.1674 

5.98 

7098 

10,319 

31.2 

(18), 

5.2 

13.5 

1401 

1803 

3204 

1098 

.1599 

6.25 

6863 

10,067 

31.8 

(20j, 

6.0 

13.1 

1616 

1712 

3328 

1099 

.1609 

6.22 

6836 

10,164 

32.7 

(11), 

5.2 

16.0 

1301 

1840 

3141 

1146 

.1727 

5.79 

6635 

9,776 

33.3 

Av., .    5.56    13.5 


32.04 


Sec.  19.  The  ^^ Standard"  Gas. — In  the  subsequent  calculations 
there  will  be  taken,  as  a  basis,  the  results  of  Method  B;  the  gas  taken 
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will  be  number  (12),  as  being  an  actual  sample  and  practically  coin- 
cident, in  composition  and  caloritic  power,  with  the  average  of  the  ten 
gases  made  by  this  method.  This  gas,  it  will  be  noticed,  has  been 
used  in  the  foregoing  examples  of  calculations  wherever  possible. 
In  the  following  pages  it  will  be  designated  by  the  word  "  Standard." 
The  following  are  its  factors  : 


Carbon  in  1  cubic  meter  of  gas, 

Cubic  meters  of  gas  per  kilo  of  gasified  carbon 

Calorific  value  per  cubic  meter, 

Calorific  value  per  kilo  of  gasified  carbon, 

Calories  lost  in  production  of  COj,  . 

Calories  lost  in  production  of  CO,  . 

Total  calories  made  in  the  producer. 

Total  calories  in  the  gas, 

Per  cent,  calories  in  the  producer,  . 

Per  cent,  calories  in  the  gas,    . 

Hydrogen  per  kilo  of  gasified  carbon, 

Hydrogen  per  kilo  of  coal. 

Hydrogen  in  one  kilo  of  coal, 

Hydrogen  from  air  and  steam. 

Per  cent,  hydrogen  from  air  and  steam. 

Cubic  meters  of  gas  per  kilo  of  coal, 

Calories  lost  in  ash  per  kilo  of  coal. 

Calories  in  producer  from  combustion  of  one  kilo  of  coal 

Calories  in  gas  per  kilo  of  coal. 

Total  calories  per  kilo  of  coal, 

Per  cent,  calories  in  the  ash,  . 

Per  cent,  calories  in  the  producer,  . 

Per  cent,  calories  in  the  gas,  .         •         , 


0.1673 
5.98 
1170 
6997 
1349 
1803 
3152 

10,149 
31.1 
68.9 

0.0752 

0.0572 

0.047 

0.010 

18 

4.55 

485 

2396 

5317 

8198 

5.9 

29.2 

64.9 


Sec.  20.  Tlie  Equation  of  the  Producer. — The  loss  of  heat  in  the 
producer,  resulting  from  the  combustion  of  carbon,  is  made  up  of 
several  factors,  among  which  the  following  present  themselves: 

(1)  Loss  in  ashes,  exclusive  of  the  carbon  they  contain. 

(2)  Latent  heat  of  volatilization. 

(3)  Sensible  heat  of  gas  evolved. 

(4)  Losses  due  to  vapor  of  water. 

(a)  Evaporation  of  water  in  coal,  and  heating  of  resultant  steam. 

(b)  Heating  of  the  steam  that  passes  through  the  fire  undecomposed. 

(c)  Decomposition  of  steam. 

(5)  Radiation  and  conduction. 

(1)  The  heat  of  the  ashes  is  nearly  all  utilized  while  lying  in  the 
lower  part  of  the  fire  and  in  the  ash-pit,  in  heating  the  incoming  air 
and  moisture ;  the  amount  of  heat  actually  carried  away  as  specific 
heat  may  be  neglected. 
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(2)  The  latent  heat  of  volatilization  of  the  hydrocarbons  is  given 
by  Bell  as  600,000  calories  per  ton  of  coal,  or  600  calories  })er  kilo- 
gramme. 

(3)  The  volume  of  gas  we  have  found  to  be  4.56  c.  m.  per  kilo  of 
coal.  The  temperature  may  be  assumed  at  750°  C.  The  specific 
heat  of  the  gas,  0.317.     (See  Section  2.) 

The  amount  of  heat  carried  away  as  sensible  heat  of  the  gas  will  therefore  be 
4.56  X  0.317  X  750  =  1085  calories. 

(4a)  Evaporation  of  ^noisture  in  coal,  and  heating  of  resultant 
steam. 

Coal,  2  per  cent,  moisture. 

1  kilo  of  coal  therefore  contains  0.02  kilo  HjO,  which  will  require  for  : 

Calories. 

Heating  from  30°  C.  to  100  C, 1.4 

Latent  heat  of  vaporization,  537  X  -02, 10.7 

Heating  steam  from  100°  C.  to  750°  C.  =  650  X  0.475  X  .02,      .       6.2 

Total  heat  absorbed,  due  to  moisture  in  coal,     ....     18.3 

(4b)  Heat  absorbed  by  undecomposed  steam. 

Determinations  of  moisture  in  the  gas  from  a  fire  which  had  evidently  driven 
off  all  moisture  from  the  coal  gave  the  following  results: 

First  determination, 27.51  grms.  HjO  to  1  cm. 

Second  "  24.90      "        "  " 

Third  "  28.50      "        " 

Average, 26.97      "        "  " 

One  kilo  of  coal  =  4.56  cm.  of  gas. 

Moisture  to  1  kilo  of  coal  =  123  grms. 

Heat  required  to  raise  this  amount  from  100°  C.  to  750°  C.  = 

650  X  0.475  X  0.123  =  38  calories. 

(4c)  Decomposition  of  steam. 

According  to  Sec  19  the  hydrogen  derived  from  air  and  steam  equalled  0.01  kilo 
per  kilo  of  coal.  The  heat  absorbed  by  dissociation  equals  the  heat  produced  by 
the  combination  ;  hence,  the  heat  absorbed  equals  0.01  X  30,000  =  300  calories. 

The  absorption  of  heat  due  to  vapor  of  water  amounts  therefore 
to  the  following : 

Calories. 

(a)  Evaporation  of  water,  etc., 18 

(b)  Undecomposed  steam, 38 

(c)  Decomposition  of  steam, 300 

Total 356 
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The  equation  of  the  producer,  therefore,  stands  as  follows,  per  kilo 

of  coal : 

Calories. 

Latent  heat  of  volatilization, 600 

Sensible  heat  of  the  gas, 1085 

Losses  due  to  water  and  steam,          ......  356 

Eadiation  and  conduction  (by  difference),         ....  355 

Total  as  by  Section  19, 2396 

Sec.  21.  The  Decomposition  of  Steam. — Experiments  were  made 
to  determine  the  amount  of  steam  decomposed  when,  with  an  open 
grate,  the  draught  was  saturated  with  steam  from  a  jet.  A  fire  was 
selected  which  was  at  a  dull  red  temperature  on  top  and  free  from 
holes.  All  samples  of  gas  were  taken  through  a  space  of  five  minutes 
to  insure  an  average  result ;  the  fire  was  stirred  only  when  necessary 
to  close  an  incipient  hole. 

The  first  sample  was  taken  with  the  steam  on  ;  the  second  without 
steam,  an  interval  being  allowed  for  the  ash  to  dry  ;  the  third,  with 
steam. 

Under  regular  conditions  it  is  reasonable  to  suppose  the  second 
sample  would  be  an  average  of  the  first  and  third  ;  under  the  above 
conditions,  we  may  ascribe  the  variation  from  this  average  to  the 
change  in  the  moisture  supplied.  This  system  of  averages  supposes 
that  the  normal  diminution  of  hydrocarbons  in  the  gas  during  regu- 
lar intervals  may  be  represented  by  a  straight  line.  The  following 
are  the  results  obtained  : 

Sec.  22.  The  Experiments  : 

First  determination : 

CO2      O      C2H4      CO         H  .CH4       N  C  H 

(a)  With  steam,    .  .  4.8  0.4  0.4  23.6  9.5  2.8  58.5  12.08 

(b)  Without  steam,  .  4.6  0.4  0.4  22.2  9.1  2.4  60.9  12.25 

(c)  With  steam,  .  .  4.0  0.4  0.2  24.6  9.9  2.0  58.9  13.01 
Second  determination  : 

(a)  With  steam,   ,  .  3.6  0.4  0.4  25.4  9.9  4.3  56.0  10.52 

(b)  Without  steam,  .  4  0  0.4  0.4  23.0  6.7  3.2  62.3  13.38 

(c)  With  steam,   .  .  3.6  0.4  0.4  24.8  8.5  3  2  59.1  12.38 
Third  determination: 

(a)  With  steam,    .        .     3.6     0.4     0.4     24.8  12.1     4.2     54.5       9.40 

(b)  Without  steam,       .     3  6     0.4    0.4    23.4     91     3.6     59.5     11.02 

(c)  With  steam,    .        .     4.0    0.4     0.4     24  8  10.4    3.4     56.6     11.00 

Sec.  23.  Calorific  Efficiency  of  the  Samples: 

First  determination ; 

(m)  (n)  (o)  (p)  (r) 

(a)  With  steam,  .         .     .1719         5  817         0.0832        1254        7295 

(b)  Without  steam,       .     .1613        6.200        0.0818         1168        7242 

(c)  With  steam,   .         .     .1673        5.978        0.0771         1199        7168 
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Second  determination  :  » 

(a)  With  steani,   . 

(b)  Without  steam, 

(c)  With  steam,   . 

Third  determination  : 

(a)  With  steam,    . 

(b)  Without  steam, 

(c)  With  steam,   . 

(ra)  Kilos  of  carbon  in  1  cnliie  meter  of  gas. 

(n)  Cubic  meters  of  gas  from  1  kilo  of  gasified  carbon. 

(o)  Hydrogen  per  kilo  of  gasified  carbon. 

(p)  Calorific  value  of  gas  per  cubic  meter. 

(r)  Calorific  value  per  kilo  of  gasified  carbon. 

Sec.  24.  Average  of  Results. — Calculating  the  results  as  described 
in  Section  21  for  the  hydrogen  per  kilo  of  gasified  carbon,  we  hav^e: 


.1835 

5.450 

0.0954 

1454 

7924 

.1660 

6.021 

0.0753 

1196 

7205 

1739 

5.750 

0.0817 

1297 

7458 

.1792 

5  580 

0.1064 

1478 

8247 

.1689 

5.921 

0.0907 

1259 

7455 

.1721 

5.647 

0.0909 

1321 

7460 

1st  det. 

2d  det. 

3d  det. 

Average  two  steams  (a  and  c). 

.     0.0801 

0.0886 

0.0987 

Without  steam  (b), 

.     0.0818 

0.0753 

0.0907 

The  average  of  the  three  experiments  gives  the  following: 

Average  of  those  with  steam, 0  0891 

Average  of  those  without  steam, 00826 

Gain  with  steam, 0.0065 

In  these  exj^eriments,  therefore,  the  hydrogen  from  the  decompo- 
sition of  the  .steam  amounted  to  8  per  cent,  of  the  total  hydrogen 
present.  The  calorific  efficiency  is  greater  in  the  case  of  the  samples 
using  steam,  but  a  coinpari.son  is  invalid.  A  continuation  of  the 
dry  air  might  cause  an  increase  in  temperature  in  the  lower  region, 
giving  a  decrease  in  COgand  a  consequent  economy  of  practice.  The 
necessary  additions  of  coal  from  time  to  time,  and  the  constant  changes 
in  the  composition  of  the  fire,  render  impracticable  any  direct  ei- 
periments  upon  this  point.  Some  information  may  be  gained  from 
the  calculations  in  Section  15  ^^  seq. 

Sec.  25.  Moisture  Passing  Undecomposed  Through  the  Fire. — In 
the  preceding  sections  no  mention  has  been  made  of  the  moisture 
passing  through  the  fire ;  determinations  were  made  of  the  vapor 
fotmd  in  the  gases  from  fires  with  and  without  steam.  In  each  case 
fares  were  selected  which  appeared  to  be  in  the  same  and  in  a  normal 
condition  ;  three  determinations  were  made  as  follows  : 
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«  Grammes  of  H.^O  in  one  cubic  meter, 

With  steam.    Without  steam. 
First  experiment,  .     .         .         .        .        .         .     27.51  24.84 

Second  experiment, 24.90  20.93 

Third  experiment, 28.50  29.00 

Average, 26.97  24.92 

Within  the  limits  of  error,  therefore,  the  amount  of  moisture 
passing  undecomposed  through  the  fire  is  the  same,  whether  dry  or 
saturated  air  is  used  in  combustion. 

The  Combustion  of  Gas — Theoketical. 

Sec.  26.  The  Combustion  of  Producer-Gas. — The  combustion  of 
the  components  of  ordinary  producer-gas  may  be  represented  by  the 
following  formulae: 

QH^  +  60  =  2CO2  +  2H2O 
CH4  +  40=  CO2  +  2H2O 
2H-f    0=   H2O 
C0+   0=  COj 

It  is  necessary,  also,  to  know  in  what  proportions  they  combine, 
by  weight  and  by  volume.  The  gravimetric  relation  can  be  deter- 
mined from  the  atomic  weights.  The  volumetric  ratio  is  found  by 
dividing  the  relative  weight  of  each  by  its  specific  gravity.  The 
following  is  a  calculation  for  each  of  the  above  gases: 


CnH4 

+ 

60 

= 

2CO2 

+     2H«0 

Eelative  weights,    . 

28 

+ 

96 

= 

88 

+     36 

Ratio  by  weight,     . 

1 

+ 

V 

d= 

¥ 

+       ? 

Specific  gravitv. 

.       1.25 

1.43 

1.97 

0.80 

Relative  volume,    . 

.       0.8 

2.4 

1.6 

1.6 

Ratio  by  volume,   . 

.     ]  cm. 

3  cm. 

2  cm. 

2  cm. 

CH4 

+ 

40 

. 

COo 

+    2H2O. 

Relative  weights,    . 

.       16 

+ 

64 

= 

44 

+      36 

Ratio  by  weight,     . 

1 

+ 

4 

= 

V 

+       1 

Specific  gravity, 

.     0.716 

1.43 

1.97 

0.80 

Relative  volume,    . 

.       1.4 

2.8 

1.4 

2.8 

Ratio  by  volume,   . 

.     1  cm. 

2  cm. 

1  cm. 

2  cm. 

2H 

-t- 

0 

—    HjO. 

Relative  weights,  . 

2 

+ 

16 

=     18 

Ratio  by  weight,     . 

1 

+ 

8 

=      9 

Specific  gravity,     . 

0.0896 

1.43 

0.80 

Relative  volume,    . 

11.2 

5.6 

11.2 

Ratio  by  volume,    . 

2  cm. 

1    C.ll). 

2  cm. 
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CO 

+      o 

=     COo. 

28 

+      16 

==      44 

1 

+       ^ 

=       V 

.       1.25 

1.43 

1.97 

.       0.8 

0.4 

0.8 

.     2  cm. 

1  cm. 

2  cm. 

Eelative  weights, 
Katio  by  weight, 
Specific  gravity. 
Relative  volume, 
Ratio  by  vohime. 


Sec.  27.  Tabulation   of  the  Foregoing. — These  results  may  be 
tabulated  as  follows : 


Kilos  O 
required. 

1  kilo  CoH^, y 

1  kilo  CH^, 4 

1  kilo  H, 8 

1  kilo  CO, 4 


By  volume. 

■     Cubic  meters  Cubic  meters  Cubic  meters 

O  required.  CO2  formed.    HoO  formed. 
1  cm.  CsH^,  .--...      3  2  2 

1  cm.  CH4, 2  1  2 

1  cm.  H, 0.5  —  1 

1  cm.  CO, 0.5  1  — 


By 

we 

gilt. 

vilos  CO2 

Kilos  HoO 

formed. 

formed. 

22 

9 

7 

7 

k' 

1 



9 

Sec.  28.  Examples  of  Combustion. — The  following  are  examples, 
showing  the  calculation  of  the  combustion  of  certain  gases  : 

(1)  "Standard."    By  weight  and  by  volume  (see  Sec.  19). 

(2)  A  gas  of  high  carbon-ratio.     Gas  No.  11  in  tables,  Sec.  14. 

(3)  A  gas  of  low  carbon-ratio.     Actual  sample  taken. 

(4)  Marsh-gas. 

(5)  Carbonic  oxide. 

(6)  Hydrogen. 


(1)  "  Standard  "  (Sec  19),  by  weight : 

(b) 

10.24 

0.57 


CO2,    . 

O,        . 

C2H4,  . 

CO,     . 

H,       . 

CH„  . 

N,      . 

Oxygen  necessary.  . 

Oxygen  present, 

O  needed  from  air, 
Nfrom  air,  3.31  X  30.51, 
HjOfrom  air,  0.01X131.5, 


(a) 
5.2 
0.4 
0.4 

22.8 
8.5 
2.4 

60.3 


0.50 

28.50 

0.77 

1.73 

75.98 


(c) 


1.71 

16.29 

6.16 

6.92 

31.08 
0.57 

9 

30.51 


COo. 
10.2 

1.6 
44.8 

4.8 


HoO. 


0.6 

6.9 
3.9 


76.0 


.       101.0 


1.3 


61.4 


12.7 


177.0 
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(a)  Percentage  by  volume. 

(b)  Weight  in  100  cm.  of  gas,  in  kilogrammes. 

(c)  Oxygen  required,  in  kilogrammes. 

100  cm.  gas  require  131.5  kilos  air  ^  101.6  cm. 
CO2—    61.4  kilos  =   31.2  cm. 
giving -(  H2O —    12.7  kilos  :=    15.9  cm. 
N     —  177.0  kilos  =  140.5  cm.  • 


(1)  "Standard"  (Sec  19),  by  volume: 

(a) 

(b) 

CO3. 

H2O 

CO,,     .... 

5.2 

— 

5.2 

— 

0,         .... 

.       0.4 

— 

— 

— 

C2H4,     .... 

0.4 

1.2 

0.8 

0.8 

CO,      .... 

22.8 

11.4 

22.8 

— 

H,        .        .        .        . 

8.5 

4.3 

— 

8.5 

CH^ 

2.4 

4.8 

2.4 

4.8 

N 

.     60.3 



0  necessary, 

. 

21.7 

0  present,    . 

• 

0.4 

0  from  air,  . 

21.3 

N  from  air,  3.77  X  21.3, 

. 

. 

. 

• 

H2O  from  air,  0.015  X  101.6 

. 

. 

1.5 

31.2       15.6 


(a)  Percentage  by  volume. 

(b)  Cubic  meters  of  oxygen  required  for  100  cm.  gas. 

100  cm.  gas  require  101.6  cm.  air, 


giving 


CO2  —  31.2  cm. 
HjO  —  15.6  cm. 
N      — 140.6  cm. 


60.3 


80.3 


140.6 


In  the  same  way  we  have : 


A  gas  01  nign  ca 
CO2,  .         .         . 

roon-ratio : 
5.2 

0,      .        .        . 

0.6 

C^H^, 

0.4 

CO,    .        .        . 

.       24.0 

H,      .        .        . 

6.9 

CH^  .        .        . 

2.2 

N,      .        .        . 

.       60.7 

100  cm.  gas  require  98.4  cm.  air, 
COj  —    32.2  cm. 
H,0—    13.6  cm. 


giving 


N      —  138.0  ( 


(3)  A  gas  of  low  carbon-ratio  : 
CO2,  ....  2.6 
O,  . 
C2H4, 
CO,  . 
H,  . 
CH,.  . 
N,     . 


0.4 

106  cm.  gas  require  121.2  cm.  air. 

.        0*0 

rCOj  —   31.6  cm. 

.       25.8 

giving  -|  HjO  —    20.4  cm. 

.       12.2 

(n       —151.6  cm. 

3.2 

.       55.8 
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(4)  Marsh-gas: 


100.0  100  cm.  gas  require  954  cm.  air, 

00.^  — 100  cm. 
HjO—  200  cm. 
7N — 54  cm. 


(5)  Carbonic  oxide 
CO,    . 


100.0  100  c  m.  gas  require  238.5  cm.  air, 

f  CO2—  100  cm. 
g^^^^q   N  -188.5  cm. 


(6)  Hydrogen ; 
H,     . 


100.0  100  cm.  gas  require  233.5  cm.  air, 

f  H2O—  100  cm. 
g^^^°M    N- 188.5  cm 


Sec.  29.  A  Coynparison  of  the  Foregoing  Gases,  with  Relation  to  the 
Latent  Heat  of  their  Products  of  Combustion. — In  the  coiuparisou  of 
the  practical  values  of  different  gases,  it  is  necessary  to  know  the  per- 
centage of  heat  lost  in  the  products  of  combustion  when  these  escape 
at  a  higher  temperature  than  the  incoming  gases.  For  this  purpose 
there  should  be  taken,  not  an  equal  volume  nor  an  equal  weight,  but 
such  a  volume  of  each  as  will  give  an  equal  calorific  power.  The 
volume  and  composition  of  the  products  of  combustion  can  then  be 
determined  and  the  amount  and  percentage  of  heat  which  is  carried 
away  for  every  degree  in  temperature.  Taking  as  a  basis  the  volume 
necessary  to  produce  1000  calories,  we  have  as  follows : 


Gas.  "Standard"    (2)  (3) 

Calorific  power  per  cubic  meter,  .         .      1170      1146      1370 
Cubic  meters  to  produce  1000  calories,      0.855     0.873     0.730 


(4)  (3)  (6) 

8480      3000      2660 
0.118     0.333    0.376 


Calculating  the  products  of  combustion  for  these  volumes  which  are 
required  to  produce  1000  calories,  and  taking  the  specific  heat  of 
CO2,  H.^O  and  N  from  Section  1,  we  have  the  following  loss  in  the 
products  for  every  100°  C. 


"Standard"  (Sec  19.) 
Prod,  combustion.         Absorbed. 


COj, 
HO, 


1  cm. 
0.312 
0.156 
1.406 


0.855  cm. 
0.267 
0.133 
1.202 


100°  C. 
11.37 
5.08 
36.90 

53.35 


Prod. 

combustion. 

Absorbed 

1  cm. 

0.873  cm. 

100°  0. 

0.322 

0.281 

11.97 

0.136 

0.119 

4.55 

1.380 

1.205 

36.99 
53.51 
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Prod. 

(3) 
combustion. 

1  cm. 

0.730  c,m. 

CO,, 

0.316 

0.231 

H20, 

0.204 

0.149 

N, 

1.516 

1.107 

Absorbed. 

100°  C. 

9.84 

5.69 

33.98 

49.51 


(4) 

Prod. 

combu.stion. 

Absorbed 

1  cm. 

0.118  cm. 

100°  C. 

1.000 

0.118 

5.03 

2.000 

0.236 

9.02 

7.540 

0.890 

27.32 

41.37 


(5) 

(6) 

Prod. 

combustion. 

Absorbed. 

Prod,  combustion. 

Absorbed. 

1  cm. 

0.33.^  cm. 

100°  C. 

Ic.m. 

0.376  cm. 

100°  C. 

CO.,, 

1.000 

0.333 

14.2 

H20, 

1.000 

0.376 

14^6 

^', 

1.885 

0.628 

19.3 

1.885 

0.709 

26.66 

33.5 


41.02 


Sec.  30.  Summary  of  the  Foregoiiig. — Thus,  for  every  1000  calories 
produced,  we  have  the  following  loss: 


Loss 

per  100°  C 

300°  C. 

Calories. 

Per  cent. 

Per  cent 

(1)  "Standard"  (Sec.  19), 

.     53.35 

5.335 

160 

(2)  Producer-gas,  . 

.     53.51 

5.351 

16.1 

(3)  Producer-gas,  . 

.     49.51 

4.951 

14,9 

(4)  CH„         .        .        . 

.     41.37 

4.137 

12.4 

(5)  CO,  .        .        .        . 

.     33.50 

3.350 

10.1 

(6)  H,    .        .        .        . 

.    41.02 

4.102 

12.3 

The  Combustion  of  Gas — PRAcrriCAL. 

Sec.  31.  The  Composition  of  Products  of  Combustion  as  Deter- 
mined by  Ordinary  Analysis. — In  the  analysis  of  gases,  under  or- 
dinary conditions,  the  steam  is  condensed  and  does  not  appear  in 
the  re.sults  as  expressed  in  composition  by  volume  ;  for  the  sake  of 
comparison  with  analytical  determinations,  the  theoretical  data 
should  be  given  upon  the  same  basis.  Omitting  the  HgO  in  the  re- 
sults given  in  Section  29,  we  have  the  following  volumes  of  the  pro- 
ducts of  combustion  in  the  creation  of  1000  calories  with  the  theo- 
retical amount  of  air : 


CO.,, . 


Composition   by 

"Standard"  (Sec  19.) 


Cm. 
0.267 
1.202 


Percent. 
18.2 
81.8 


1.469        100.0 


Volume. 

(2) 


Cm. 

0.281 

1.205 


Per  cent. 
18.9 
81.1 


1.486       100.0 


(3) 
Cm.       Per  cent. 
0.231         17.3 
1.107         82.7 

1.338       100.0 
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(^ 

1) 

(5) 

(6) 

Cm. 

Per  cent. 

Cm. 

Per  cent. 

Cm. 

Per  cent 

CO,,    . 

.     0.118 

11.7 

0.333 

34.6 

K,       . 

.     0.890 

88.3 

0.628 

65.4 

0.709 

100.0 

1008 

100.0 

0.9G1 

100.0 

0.709 

100.0 

Sec.  32.  Excess  of  Air  in  Combustion. — In  ordinary  producer-tgas 
there  will  usually  be  found  about  four-tenths  of  one  per  cent,  of 
oxygen  by  volume.  This  is  not  altogether  from  the  air  remaining 
in  the  tube  in  which  the  sample  is  taken,  but  is  actually  present  in 
the  gas  from  the  fire,  and  is  probably  due  to  the  cessation  of  com- 
bustion when  the  oxygen  is  diluted  to  that  degree. 

If  such  can  be  the  case  with  an  enormous  excess  of  combustible 
matter,  it  may  be  readily  seen  that  to  insure  complete  combustion  of 
gas  under  ordinary  circumstances  a  certain  excess  of  oxygen  must 
be  present  in  the  escaping  gases.  With  the  gas  at  600°  C.  and  the 
air  at  50°  C,  from  20  to  100  per  cent,  of  air  in  excess  will  be  neces- 
sary to  prevent  the  escape  of  an  appreciable  amount  of  combustible 
material.  With  the  air  and  gas  at  1000°  C,  10  per  cent,  is  a  large 
excess  and  5  per  cent,  is  sufficient  for  ordinary  producer-gas.  These 
facts  give  rise  to  the  following  problems  : 

(a)  Excess  of  air : 

(1)  The  composition  of  tl  e  products  of  combustion  with  different  amounts 

in  excess. 

(2)  The  heat  absorbed  thereby. 

(b)  Deficiency  of  air  : 

(1)  The  composition  of  the  products  of  combustion  with  different  amounts 

of  combustible  matter  escaping. 

(2)  Tlie  potential  heat  lost  thereby. 

It  will  be  seen  on  examination  of  Section  31  that  the  analyses  and 
volumes  of  the  products  of  combustion  of  the  producer-gases  (1),  (2) 
and  (3)  are  practically  identical ;  in  the  following  calculations,  there- 
fore, the  only  ga,ses  considered  will  be  : 

(1)  As  ilhistrating  producer-gases  in  general. 
(4)  As  illustrating  natural  gas. 

Sec.  33.  Excess  of  Air — Composition  of  Products  by  Volume: 

"Standard"  (Sec.  19). 

One  cm.  requires  1.016  cm.  air.     (See  Section  28.) 
Ten  per  cent,  excess  of  air  =0.1016  cm.  air  per  cubic  meter  of  gas. 
0.1016  cm.  air  =  jN- 0-0803  cm. 
I.  O  —  0.0213  cm. 
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Products,  no  excess  (See  Section  23] 


In     —  1.40G  1 

Ten  per  cent,  excess  (see  above),  /  -^  0.080  -» 

I  O     —  0.021 


Cm.         Per  cent. 
f(X),  — 0.312  0.312         17.15 


1.486        81.70 

0.021  0.021  1.1.5 

1.819         100.0 


t,     ,     .  e    ■  /CO.,  — 0.312  0.312         16.25 

Products,  no  excess  or  air, .        .     <    ^  - 

U  -1.406    I  j.gg  gj_.g 

.p        .  ,  e    ■  fX     —0.160/ 

iwentv  per  cent,  excess  or  air,  .      J 

•  ^  10     —0.042  0.042  2.19 

1.920       100.00 

Sec.  34.  Excess  of  Air — Composition  of  Products  by  Volume: 

Gas  (4),  CH4,  natural  gas. 

One  cm.  requires  9. 54  era.  air.     (See  Section  28.) 

Ten  per  cent,  excess  of  air  =  0.954  cm.  air, 

N  —  0.754  cm. 


lo 


0.954  c  m.  air  = 

0.200  cm. 


Products, no  excess  (SeeSection  28)  I  ^^2  -  1-000           1.000  10.53 

Ten  per  cent,  excess  (see  above),    J  '^  ''     ) 

[0—0200           0.200  2.11 

9494  100.00 


r,    J     ,  c    ■  (CO.- 1.000  1.000  9.57 

Products,  no  excess  of  air,  .         •      1 

IN     —  7.O40)        9Q_jg        gggQ 

■  1  508  J 

•0.400  0.400  3.83 


Twenty  per  cent,  excess  of  air,  .      \  ^ 

lo 


10.448      100.00 


Sec.  35.  Excess  of  Air — Composition  by  Volume. — It  will  be 
noticed  that  an  excess  of  air  does  not  increase  the  percentage  of  nitro- 
gen in  the  waste  gases.  This  is  due  to  the  theoretical  percentage 
of  nitrogen  being  higher  than  it  is  in  air.  This  condition  arises 
from  the  fact  that  both  nitrogen  and  oxygen  have  been  supplied  as 
air  to  burn  the  hydrogen  of  the  gas,  while,  owing  to  the 
condensation  of  the  steam,  only  the  nitrogen  appears  in  the  analysis. 

The  true  guide  by  which  to  calculate  the  excess  of  air  present  is 
the  content  of  oxygen  ;  by  comparing  the  results  of  analysis  with  the 
calculated  composition,  the  excess  of  air  may  be  ascertained. 

Sec.  36.  Loss  of  Heat  from  Excess  of  Air. — From  the  results  ob- 
tained in  the  preceding  section,  and  tho.se  in  Section  29,  we  may  find 
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the  percentage  of  heat  lost  on  account  of  the  excess  of  air,  when  the 
products  escape  at  a  liigher  temperature  than  the  incoming  gases. 

"  standard  "  (Sec.  19).       Gas  (4). 

Air  required  for  1  cubic  meter  of  gas,           .         .  1.016  9.540 

Air  for  production  of  1000  calories,      ,         .         .  0.869  1.126 

Ten  per  cent,  excess  of  air, 0.0869  0.1126 

Specific  heat  of  air  =  0.307.  —                        — 

Heat  absorbed  per  1°  C.  by  0.0869  cm.  air,.        .  0.0267                     — 

Heat  absorbed  perl°  C.  by  0.1126  era.  air,.         .  —  0.0346 

Heat  ab-sorbed  per  100°  C,  .         .         .        .         .  2.67  3.46 

Percent,  of  heat  lost  per  100°  C,          .         .         .  0.267  0.346 

That  is,  if  the  products  of  combastion  escape  at  a  temperature  100° 
C.  above  that  of  the  incoming  gases,  the  heat  lost,  due  to  the  pres- 
ence of  10  per  cent,  excess  of  air,  is  less  than  one-half  of  one  per  cent, 
of  the  total  heat  produced. 

Sec.  37.  Deficiency  of  Air. — If  the  amount  of  air  supplied  be  in- 
sufficient, the  escaping  gases  will  contain  amounts  of  CO,  H  or 
CH4.  This  lo.ss  may  be  equated  most  easily  by  assuming  a  certain 
loss  of  calorific  power  in  the  form  of  these  gases  and  calculating  the 
resultant  products.  Assuming  a  loss  of  5  per  cent,  of  the  total 
calorific  power  in  the  case  of  each  of  these  gases,  the  following  calcula- 
tions obtain  : 


"Standard  "(Sec.  19). 

Gas  (4). 

'(a)  Calorific  value  per  100  cm.. 

.  117,000 

84S.000 

(b)  Five  per  cent,  of  (a). 

.       5,800 

42,400 

(c)  Cm.  CO  necessary  to  produce  (b), 

.       1.9 

14.1 

(d)     "      H 

.       2.2 

15.9 

(e)     "      CH,      " 

.       0.7 

5.0 

In  Section  28,  the  products  formed  by  the  complete  combustion  of 
(l)and  (4)  have  been  given.  It  is  only  necessary  to  find  the  products 
resulting  from  the  perfect  combu.stion  of  the  amounts  of  CO,  H  and 
CH^  given  in  (c),  (d)  and  (e),  and  to  subtract  these  products  from 
the  total  products,  in  order  to  find  the  results  of  the  incomplete  com- 
bustion. The  following  is  the  calculation  : 
,     Products  of  combustion  of  gases  in  (c),  (d)  and  (e). 

"Standard"  (Sec.  19). 

CO,   .... 

H 

CH„.        .        .        . 

Gas  (4). 
CO,    .... 

H 

CH..  .        .        . 


Air. 

Products 

m.  gas. 

0 

N 

co.> 

IIoO 

N 

1.9 

0.95 

3.6 

1.9 

3.6 

2.2 

1.1 

4.2 

2.2 

4.2 

0.7 

2.1 

7.9 

1.4 

1.4 

7.9 

14.1 

7.05 

26.6 

14.1 

26.6 

15.9 

7.95 

30.0 

15.9 

30.0 

5.0 

15.0 

56.6 

10.0 

10.0 

56.6 

(a) 

(b) 

(c) 

(d) 

31.2 

1.9 

29.3 

17.42 

15.6 

140,6 

3.6 

137.0 

81.45 

1.9 

1.13 
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From  tliese  we  are  enabled  to  make  the  following  calculation  : 

Column  (a)  =  cm.  of  products  of  perfect  combustion  of  100  cm.  gas. 

(b)  -=  products  of  (c),  (d)  and  (e)  as  above. 

(c)  =  difference  between  (a)  and  (b),  neglecting  HjO  and  adding  the 

amount  of  combustible  matter  assumed  as  escaping,  giving  the 
products  of  imperfect  combustion  under  the  assumed  conditions. 

(d)  =  composition  of  same  in  percentage  by  volume. 

Sec.  38.  "Standard^'  (Sec.  19) ;  Combustible  Material  Escaping  : 
100  cm.  gas.     1.9  cm.  CO  escaping  unburned. 

CO,,  .... 

H^O,  .... 

N,  .        .        .    •    . 

CO,  ...        . 

168.2  100.00 

100  cm.  gas.     2.2  cm.  H  escaping  unburned. 

CO2,  *        .        .        . 

H,0,  .... 

N,  .-         ■        .        . 

H,  .        .        .        . 

169.8  100.00 

100  cm.  gas.     0.7  cm.  CH4  escaping  unburned. 

CO2,  .... 
H,0,  .... 
N,  .  .  .  . 
CH, 

166.5  100.00 

Sec.  39.   Gas  (4),  Combustible  Material  Escaping  : 
100  cm.  gas.     14.1  cm.  CO  escaping  unburned. 


(a) 

0>) 

(c) 

(d) 

31.2 

31.2 

18.37 

15.6 

2.2 

140.6 

4.2 

136.4 

80.33 

2.2 

1.30 

(a) 

(b) 

(c) 

(d) 

31.2 

0.7 

30.5 

18  32 

15.6 

1.4 

140.6 

5.3 

135.3 

81.26 

0.7 

0.42 

CO,, 
H,0, 
N, 
CO, 


(a) 
100.0 

(b) 
14.1 

(c) 
85.9 

(d) 
10.38 

200.0. 
754.0 

26.6 

727.4 
14.1 

87.92 
1.70 

827.4  100.00 
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100  cm.  gas. 

15.9  cm.  H 

escaping 

unbiirned. 

(a) 

(b) 

(c) 

(d) 

COj,     . 

. 

.     100.0 

100.0 

11.91 

H,0,    . 

. 

.     200.0 

15.9 

N, 

• 

.     754.0 

30.0 

724.0 

86.20 

H,        . 

.        . 

• 

15.9 

1.89 

839.9  100.00 

100  cm.  gas.     5.0  cm.  CET^  escaping  unbiirned. 


CO,, 
H3O. 
N, 
CH.. 


(a) 

(b) 

(c) 

(d) 

100.0 

5.0 

95.0 

11.64 

200.0  • 

10.0 

754.0 

37.7 

71G.3 

87.75 

5.0 

0.61 

816.3  100.00 


Sec.  40.  Summary  of  Results  of  Sections  37,  38  aiid  39. — Hence 
a  loss  of  5  per  cent,  of  calorific  power  is  indicated  by  the  presence 
in  the  products  of  any  one  of  the  following  percentages  by  volume  of 
the  combustible  gases. 

"  standard  "  (Sec.  16).  Natural  gas. 

CO, 1.13  1.70 

H,  , 1.30  1.89 

CH, 0.42  0.61 

Sec.  41.  Actual  Results  in  Practice — Composition  of  Products  of 
Combustion. — The  results  of  working  producer- gases  may  be  learned 
from  the  following  analyses  of  products  of  combustion  : 

COo  O  CO  CH4  H  N 


15.2 

0.8 

1.2 

0.6 

2.0 

80.2  full  flame. 

15.2 

1.2 

0.2 

0.0 

0.1 

83.3 

15.6 

0.6 

0.2 

tr. 

tr. 

83.6 

16.8 

1.6 

0.4 

0.0 

0.0 

81.2 

17.0 

0.6 

0.2 

tr. 

tr. 

82.2  sharp  flame. 

17.2 

0.2 

0.0 

tr. 

tr. 

82.6     "        " 

16.6 

0.8 

0.2 

0.0 

0.0 

82.4     " 

16.6 

0.6 

2.0 

0.4 

0.3 

80.1  smoky  flame. 

17.0 

0.6 

0.2 

tr. 

tr. 

82.2  full  flame. 

17.2 

0.4 

tr. 

tr. 

tr. 

82.4 

16  0 

1.2 

0.0 

0.0 

0.0 

82.8  smoky,  inward  pressure. 

15.6 

0.4 

0.4 

tr. 

tr. 

83.6  smoky,  outward  pressure 

Av.,16.3        0.8  0.4        0.1         0.2         82.2 


Sec.  42.  Actual  Results  in  Practice — Losses  of  Heat  in  Products  of 
Combistion  Due  to  Excess  of  Air  and  Escape  of  Unburned  Gases. — 
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In  Section  41  we  fiixl  that  the  average  results  of  practice  in   the 
combustion  of  producer-gas  give  waste-gases  containing: 

Per  cent. 

O,  . 0.8 

CH, 0.1 

II 0.2 

CO 0.4 

The  loss  from  these  causes  may  be  equated  from  the  data  given 
in  the  preceding  pages,  as  follows  : 

0.8  per  cent.  O  =  6.4  per  cent,  excess  air  =r  a  loss  of  0.22  per  cent,  for  every 
100°  C. 

Per  cent. 

For  300°  C, 0.7 

0.1  per  cent.  CH, 1.2 

0.2         "         H, 0.8 

0.4         "        CO, 1.8 

4.0 

Hence  the  average  loss  from  imperfect  combustion  and  from  ex- 
cess of  air  amounts  to  4.5  per  cent,  of  total  heat  supplied  when  the 
e.sca])ing  ga.ses  pass  off  at  a  temperature  of  300°  C.  in  excess  of  the 
incoming  ga.ses. 

Sec,  43.  The  Comparison  of  the  Results  of  Calculation  and  of 
Practice. — In  the  comparison  of  theoretical  and  practical  results, 
certain  disturbing  factors  are  encountered  in  the  chemical  action  of 
the  flame  upon  the  stock.  Tiie  chemical  history  of  the  operation 
may  be  divided  into  three  general   periods  : 

(1)  The  ))eriod  of  making  the  bottom  and  charging  the  furnace 
during  which  the  only  causes  tending  to  disturb  theoreticalcalcula- 
tions  are  the  reactions  occin-ring  in  the  checkers. 

(2)  The  |)eriod  of  melting,  in  which  (^O.^  is  formed  by  the  action 
of  the  flame  upon  the  carbon  of  the  metal,  and  a  large  amount  of 
oxygen  is  absorbed  by  the  silicon  and  manganese. 

(3)  The  period  of  adtling  ore,  in  which  CCX  is  formed  by  the  ac- 
tion of  the  Hame  uj)on  the  carbon  of  the  metal,  and  a  small  amount 
of  oxygen  is  absorbed  by  the  silicon  and   manganese. 

To  write  (he  expiation  of  these  periods  it  is  necessary  to  know  the 
amounts  of  gas  burned,  of  C(X  formed  from  the  bath,  and  of  oxygen 
absorbed  during  each  i)eri()d  per  unit  of  time. 

Sec.  44.   T/ie  Kstimalion  of  the  Atnount  of  Gas  Used  Durin;/  the 
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Tlirce  Periods  Mentioned. — Qwing  to  irregularities  of  furnace-work- 
ing, it  is  iinj)racticable  to  measure  accurately  the  consumption  of 
gas  per  hour  corresponding  to  any  particular  period  of  a  charge. 
Neither  is  it  necessary  for  our  purpose  to  make  more  than  an  esti- 
mate, based  on  general  considerations,  for  the  practice  herein  ex- 
amined. 

With  a  knowledge  of  the  amount  of  coal  consumed  in  regular 
operations,  including  repairs,  delays  and.  Sunday  interruptions,  it 
may  safely  be  assumed  that  a  consumption  of  700  pounds  of  coal  per 
ton  of  2240  pounds  of  product  would  be  sufficient  for  continuous 
working. 

This  supply  would  not  be  given  regularly  throughout  the  entire 
time  of  operation,  but  would  be  greater  at  certain  periods.  The 
furnace  is  supposed  to  complete  its  cycle  every  eleven  hours.  The 
following  is  an  attempt  to  define  the  average  length  of  time  of  the 
three  periods  given  in  Section  43,  and  the  relative  fuel-consumption  : 

Sec.  45.  Length  of  Periods  and  Relative  Consumption : 


First  period,  . 
Second  period, 
Tliird  period,  . 


(a) 

(b) 

(c) 

(d) 

90 

3 

270 

9 

450 

5 

2250 

75 

120 

4 

480 

16 

3000  100 


(a)  Number  of  minutes  in  period  (determined  by  experiment). 

(b)  Relative  fuel-consumption  (estimate). 

(c)  Relative  consumption  per  period  (a  x  b). 

(d)  Percentage  of  total  consumption  in  each  period. 

Sec.  46.  The  Gas  Used  per  Minute  in  Each  Period. — By  assump- 
tion, the  total  consumption  is  700  pounds  of  coal  per  ton  of  pro- 
duct; for  a  charge  of  24  gross  tons  the  consumption  for  a  complete 
cycle  will  be  16,800  pounds,  and  we  shall  have  the  following  : 

(a)              (b)  (c)          (d)  (e)  (f) 

First  period,      ,     16,800  X  .09  =    1,512  90  16.8  7.6  34.6 

Second  period, .     16,800  X  .75  =  12,600  450  28.0  12.7  57.8 

Third  period,  ,     16,800  X  .16  =    2,688  120  22.4  10.2  46.4 

(a)  =  per  cent,  of  total  combustion  in  the  period,     (See  Section  45.) 

(b)  z=  pounds  of  coal  burned  in  the  period. 
■  (c)  =  minutes  in  the  period, 

(d)  =:  pounds  of  coal  burned  per  minute. 

(e)  ^  kilos  of  coal  burned  per  minute. 

(f )  =  cubic  meters  of  gas  burned  per  minute. 

1  kilo  of  coal  ^=  4.55  cubic  meters  of  gas.     (See  Section  19.) 
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The  amount  of  coal  used  while  charge  is  in  furnace  will  be: 

Second  period 12,600  pounds. 

Third  period, 2,688      " 

Total  for  24  tons,         ...:...     15,288      " 

Total  for  24  tons, 6,950  kiIo8. 

Total  per  ton  of  charge, 290      " 

Sec.  47.  Factors  Influencing  the  Composition  of  the  Prodtids  oj 
Combustion. — Having  determined  the  amount  of  gas  burned  during 
the  different  periods,  it  is  necessary  to  determine  the  effect  upon  the 
flame  of  the  agents  enumerated  in  Section  43. 

The  questions  arising  are  : 

(i)  The  effect  upon  the  gas  of  its  passage  through  the  checkers. 

(2)  The  chemical  history  of  the  bath. 

Sec.  48.  The  Efect  Upon  the  Gas  of  its  Passage  Through  the 
Checkers. — The  reactions  which  may  be  looked  upon  as  possible  in 
heating  a  producer-gas  to  a  high  temperature  are  as  follows  : 

(1)  A  decomposition  of  hydrocarbons  with  deposition  of  carbon. 

(2)  A  union  of  the  carbon  so  deposited  with  the  oxygen  of  steam 
with  formation  of  CO  or  COg  and  free  H. 

(3)  A  union  of  the  carbon  so  deposited  with  the  CO2  with  forma- 
tion of  CO. 

Whatever  changes  ensue  from  internal  rearrangement,  the  condi- 
tion and  content  of  nitrogen  in  weight  will  remain  unchanged,  and 
this  element  may  be  used  as  a  basis  of  comparison. 

The  following  are  five  sets  of  gases,  the  two  samples  in  each  set 
being  taken  simultaneously,  one  at  the  bottom,  the  other  at  the  top 
of  the  checkers. 

Sec.  49.  Determinations : 

At  bottom  of  the  checkers : 

CO2  O  C2H4  CO  H               CH4              N 

(1)  4.0  0.4  0.4  23.2  6.4  R6  62  0 

(2)  5  2  0.4  0.4  22.0  5.3  3.4  63.3 

(3)  5.6  0.8  0.4  22.8  8.3  2.8  59  3 

(4)  7.2  0  4  0.4'  20.0  7.7  3.6  60.7 

(5)  6.0  0.6  0.4  21.4  7.5  2.4  61.7 

Av.,    5.60  0.52  0.40  2188  7.04  3.16  61.40 

At  top  of  the  checkers,  after  passing  through  them : 

COo  O  C0H4  CO  H  CHi  N 

(1)  5.2  0.4  0.0  23.2  6.3  3.6  613 

(2)  6.0  0.4  0.0  21.8  5.3  3.4  63.1 

(3)  8.8  0.4  0.0  23.2  9.9  12  56.5 

(4)  8.4  0  4  0.0  20.4  8.8  2.4  59.6 

(5)  8.4  0.4  0.0  20.8  7  5  2.4  60.5 

Av.,    7.36  0.40  0.00  21.88  7.56  2.60  60.20 


PHYSICAL    AND   CHEMICAL    EQUATIONS.  1  TiQ 


CO, 

0 

C.H4 

CO 

H 

CH4 

N 

C/II 

Before, 

.     5.C0 

0.52 

0.40 

2L88 

7.04 

3.16 

61.40 

13.32 

After, 

.     7.3G 

0.40 

0.00 

2L88 

7.56 

2.60 

60.20 

14.97 

N 

C 

H 

0 

859.60 

188.64 

14.16 

264.64 

842.80 

191.04 

12.76 

292.80 

Sec.  50.  Relative  Weights  of  the  Elements. — Comparing  the  weights 
of  the  elements  by  the  method  given  in  Section  6,  we  derive  the 
following : 

Before  passing  through  checkers, . 
After  passing  through  checkers,  . 

or  reducing  to  N  =  1000  (see  Section  48)  we  have  : 

N  C  H  O 

Before  passing  through  checkers, .        .     1000  219  45         ia.47         307.86 

After  passing  through  checkers,  .        .     1000  226.67         15.14        347.41 

These  figures  show  the  following  changes  in  the  gas  by  its  passage 
through  the  checkers : 

(1)  An  increase  of  carbon  of  3  per  cent. 

(2)  A  decrease  of  hydrogen  of  8  per  cent. 

(3)  An  increase  of  oxygen  of  1 1  per  cent. 

Sec.  51.  Condderations  on  the  Foregoing. — This  increase  of  oxy- 
gen would,  at  first,  seem  to  show  a  leakageof  air  ;  further  consider- 
ation shows  that  air  cannot  possibly  have  entered.  This  may  best 
be  seen  by  supposing  a  leakage  of  air  amounting  to  100  per  cent.,  as 
measured  by  the  nitrogen  already  present.  The  calculation  will 
stand  as  follows  : 


0 

H 

0 

N 

219 

16.5 

308 

1000 

265 

1000 

219 

16.5 

573 

2000 

110 

8.3 

287 

1000 

Present, 

Supposed  addition, 

Composition  witli  supposed  addition, 
Composition  on  basis  of  N  =;  1000, 

In  other  words,  every  unit  of  air  added  would  reduce  the  per- 
centage of  carbon,  hydrogen  and  oxygen.  Hence  no  leakage  of  air 
18  shown  by  the  analy.sis ;  nor  can  the  oxygen  be  supposed  to  come 
from  the  decomposition  of  steam,  since  there  would  in  that  case  be 
an  increase  in  hydrogen.  The  situation  may  be  summed  up  as  follows  : 

The  CgH^  has  been  broken  up  completely  by  the  high  temperature, 
the  CH^  seriously  encroached  upon,  while  the  CO  remains  un- 
changed. 

The  free  hydrogen  has  received  of  its  kind  from  the  decomposed 
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hydrocarbons  ;  the  CO2  has  increased  in  quantity,  probably  deriving 
its  carbon  from  the  broken  hydrocarbons  and  the  oxygen  from  an 
unknown  region. 

A  small  amount  of  the  free  oxygen  present  has  been  induced  to 
unite  by  the  exaltation  of  temperature. 

For  practical  purposes  the  gas  may  be  looked  upon  as  passing 
though  the  checkers  unchanged. 

Sec.  52.  The  Oiemical  History  of  the  Bath. — The  chemical  history 
of  the  bath  is  essentially  one  of  oxidation.  Reduction  by  means  of 
the  flame  alone  does  not  obtain  in  practice.  The  rapidity  of  the 
oxidation  varies  with  the  character  of  the  flame,  the  supply  of 
combustible  material,  and  the  nature  and  disposition  of  the  stock. 
The  presence  of  a  large  proportion  of  hydrogen,  either  free  or  com- 
bined, in  the*gas,  and  a  long  exposure  to  a  temperature  just  below 
the  melting  point,  increase  the  amount  of  oxidation,  while  the  ab- 
sence of  easily  oxidizable  elements  in  the  metal  concentrates  this 
action  upon  the  metallic  iron.  It  follows  that  the  data  of  one  prac- 
tice or  one  charge  are  worthless  for  general  conclusions.  Groups 
may  be  taken,  however,  under  different  conditions  whose  histories 
in  the  fuMiace  have  been  characteristic,  and  the  results  assumed  to 
be  representative. 

The  following  is  an  attempt  to  compare  the  results  obtained  from 
two  groups: 

Group  I.  Xineteen  boiler-heats.     Producer-gas. 

Group  II.  Six  boiler-heats.     Oil-gas,  much  steam  in  gas. 


Sec.  53.  Avei'age  per  Heat : 


(1)  Pig  used  Si  1.72,  C  3.50,  pounds 

(2)  Steel    I  ■^^'^  ^'  ^■^"'  ^  ^■^'^'  PO""*^'s,  .... 

'    I-  Boiler  Si  0.02,  C  0.13,  pounds,        .         .         . 

(3)  Ore  FeO  =  81  per  cent.,  free  0  =  9  per  cent.,  by  analysis, 

pounds,         .... 

ISi  per  cent., 
Mn      " 
r    '     " 
ISi  per  cent., 
Mn      " 
O    '    " 

fSiOj  per  cen 
MnO,     " 
FeO       " 


Group. 


I. 

II. 

11,700 

20,700 

39,580 

29,600 

5,970 

7,200 

1,020 

850 

0.02 

0.05 

0.09 

0.06 

0.54 

0.64 

0.02 

0.01 

0.04 

0.02 

C.13 

0.12 

5U.24 

49.46 

21.1)7 

13.16 

23.91 

33.27 
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(SiOi  per  cent., 
MnO,     " 
FeO       " 

(8)  Time  of  melting,  minutes,  .... 

(9)  Time  of  oreing, 

(10)  Weight  of  slag  under  ladle,  pounds,  . 

(11)  Weight  before  tapping  (assumed),  pounds, 

(12)  Amount  MnO  in  slag  before  tapping,  pounds  (fr 

(13)  Amount  MnO  formed  after  melting,  pounds  (from  4  and  5), 

(14)  Amount  MnO  in  slag  after  melting,  pounds  (12  —  13), 

(15)  Per  cent.  MnO  in  slag  after  melting  (see  6), 

(16)  Weight  of  slag  after  melting,  pounds  (14 -f- 15), 


om  7  and  1 1 


Group. 

I. 

11. 

49.40 

49  36 

16.50 

11.30 

29.7& 

34.11 

433 

480 

150 

120 

4,050 

5,670 

3,900 

5,520 

,   644 

624 

36 

28 

608 

596 

21  67 

13.16 

2,810 

4,530 

KoTE. — It  will  be  seen  that  we  have  calculated  the  weight  of  the 
slag  alter  melting  and  before  adding  the  ore.  The  method  of  doing 
this  is  indicated  by  the  sequence  of  the  above  figures.  Since  MnO 
must  come  entirely  from  the  oxidaticm  of  Mn  in  the  metal,  and 
since,  knowing  the  weight  of  the  bath  and  the  content  of  Mn  at 
any  two  periods,  we  may  determine  the  amount  of  Mn  oxidized  and 
absorbed  by  the  slag,  it  follows  that  if  we  know  the  actual  weight 
of  MnO  in  the  slag  at  one  period,  we  may  find  the  weight  in  the 
slag  at  the  other  period.  Knowing  thus  the  weight  of  MnO  in  the 
slag  and  having  by  analysis  the  percentage  it  constitutes,  we  may 
easily  calculate  the  weight  of  the  slag  of  which  it  forms  a  part. 

It  will  be  noticed  that  the  weight  before  tapping  is  a.ssumed  ;  the 
weight  after  tapping  is  definitely  known.  The  only,  difference  in 
weight  between  these  two  periods  comes  from  the  MnO  formed  in 
the  recarbonizing,  and  from  the  incorporation  of  a  little  material 
from  the  tapping-hole  and  the  ladle  linings.  The  error  made  in  a 
careful  nssumption  is  a  very  small  proportion  of  the  total  weight. 

Another  method  of  obtaining  the  weight  of  slag  before  tapi)ing 
would  be  to  make  allowance  for  the  MnO  given  by  the  recarbonizer 
and  calculate  the  slag  from  its  percentage  of  MnO.  The  amount  of 
MnO,  however,  given  by  the  recarbonizer  is  so  great  in  proportion 
to  the  total  amount  present  that  the  probable  error  is  quite  large  ; 
and  since  this  error  is  multiplied  several  fold  in  calculating  the 
slag,  the  method  of  estimating  the  weight  as  given  above  is  far 
preferable. 

Sec.  54.  From  the  foregoing  we  derive  the  following  results  : 
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Group. 


Si  oxidized, 


(17)  During  melting,  J         ' 
le,  , 

Ic,    , 


(18)  Nitrogen  with  the  oxygen, 


(19)  During  oreing, 


Sec.  55.  From  Section  54  we  have  : 


(20)  Oxygen  required  by  Si,  Mn  and  Fe  during 

melting  (see  17),     . 

(21)  COj  formed  during  melting  (see  17), 

(22)  CO2  formed  during  oreing  (see  19),   • 

(23)  Oxygen  required  by  Si,  Mn  and  Fe  during 

melting  (see  17),    .... 

(24)  CO2  formed  during  melting  (see  17), 

(25)  CO2  formed  during  oreing  (see  19),    . 


I 

II. 

Oxygen 

Oxygen 

Lbs.  ] 

aeeded.   Lbs. 

needed. 

219 

250 

378 

432 

473 

135 

464 

132 

523 

149 

1172 

335 

279 

744 

500 

1333 

1278 

2232 

4230 

7388 





22 

25 

28 

8 

22 

6 

230 

613 

286 

763 

621 

794 

Group  I. 

Kilos 

Lbs. 

Kilos. 

per  min 

S 

.  534 

243 

0.56 

.  1023 

465 

1.07 

.  843 

383 

2.55 

Group  II. 

.  899 

409 

0.85 

.  1833 

833 

1.74 

.  1049 

477 

3.98 

Sec.  56.  From  Section  53  we  may  also  derive  : 

In  pounds. 

(26)  FeO  in  slag  after  melting  (see  6  and  16), 

(27)  FeO  in  ore  added  (see  3),      . 

(28)  FeO  which  would  be  present  in  final  \  /o/»      j  07  ^      14Q« 

slag  if  no  reduction  took  place,     i 

(29)  FeO  in  final  slag  (7  and  11),  .... 

(30)  FeO  reduced  during  oreing  (28  and  29), 

(31)  Oxygen  in  reduced  FeO,         .... 

(32)  Free  oxygen  in  ore  (see  3) 

(33)  Total  oxygen  derived  from  the  slag  1  / 01      A  "io)       if? 

and  ore  during  oreing,  i 

(34)  Total  oxygen  required  during  oreing  (see  Section 

54), 621 

(35)  Oxygen  from  flame  during  oreing  (34  —  33),         .      454 

(36)  Nitrogen  associated  with  this  oxygen,  3.31  X  (35),     1503 


Group. 


I. 

n. 

672 

1507 

826 

689 

1498 

2196 

162 

1S83 

336 

313 

75 

70 

92 

77 

147 

794 

647 

2142 
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Sec.  57.  Additions  fi-om  the  Bath  to  the  Products  of  Combustion. — 
Hence  tlie  result  of  the  chemical  interactions  of  the  flame,  ore  and 
metal  add  to  the  normal  products  of  combustion  the  following 
factors : 


Group  I. 

Kilos 

Cm.  gas 

Lbs. 

Kilos. 

per  min. 

per  min. 

During  melting 

fN, 
I  CO,, 

4230 

1923 

4.44 

3.55 

(18  and  21) 

1023 

465 

1.07 

0.54 

During  oreing, 

lco„ 

1503 

683 

4.55 

3.64 

(36  and  22) 

843 

383 

2  55 

1.29 

Group  II. 

During  melting 

lco„ 

7388 

3388 

7.06 

5.65 

(18  and  24) 

1833 

833 

1.74 

0.88 

During  oreing, 

ico„ 

2142 

974 

8.12 

6.50 

(36  and  25) 

1049 

477 

3.98 

2.02 

Sec.  58.  Normal  Products  of  Combustion  of  Coal- Gas. — Accord- 
ing to  Section  46  we  have  as  the  volume  of  gas  burned  during  the 
two  periods,  the  following  : 


Coal-gas. 
During  melting, 
During  oreing, 


Cm.  per  min. 
.      57.8 
.      46.4 


According  to  Section  28,  100  cm.  ga.s  =  J        '^' 


Cm. 

31.2 

140.6 


Hence  we  have  as  the  products  of  a  furnace,  neglecting  the  factors 
coming  from  the  metal : 


During  melting,  per  minute, 
During  oreing,  per  minute. 


fCO,, 

In, 

fC0„ 

(N, 


Cm. 
18.0 
81.3 
14.5 
65.2 


Sec.  59.  Composition  of  Products  of  Combustion  in  the  Two  Periods 
of  the  Charge  and  with  an  Empty  Furnace  (producer-gas). — From 
the  preceding  two  sections  we  may  derive  the  composition  of  the 
gases  actually  coming  from  a  furnace  in  operation. 


Cubic  Meters 

from 

from 

Total. 

Composition, 

gas. 

metal. 

per  cent. 

During  melting,  f  CO,, 
per  minute       ( N, 

18.0 

0.5 

18.5 

17.9 

81.3 

3.6 

84.9 

82.1 

1034 

100.0 

During    oreing,  f  COj, 
per  minute       \  N, 

14.5 

1.3 

15.8 

18.7 

65-2 

3.6 

68.8 

81.3 

84.6 


100.0 
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Hence  we  have  as  the  composition  of  the  waste-gases  in  the  sev- 
eral periods  the  following : 

Per  cent,  by  volume. 

CO2.  N. 

Empty  furnace  (see  Section  31),     ....     18.2  81.8 

During  melting,     .......     17.9  82.1 

During  oreing,        .......     18.7  81.3 

From  this  it  is  evident  that  the  chemical  reactions  in  the  bath  do 
not  materially  affect  the  composition  of  the  products  of  combustion. 

The  Use  of  Oil-Fuel. 

Sec.  60.  The  oil-gas  referred  to  in  the  following  remarks  was 
made  by  vaporizing  crude  petroleum  by  a  jet  of  superheated  steam, 
and  heating  the  mixture  to  a  ternperature  of  300°  to  400°  C.  If 
.«;uch  a  mixture  of  vapors  is  put  into  the  hot  chambers  of  a  regenera- 
tive furnace,  the  reactions  caused  by  high  temperature,  thorough 
mixing  and  impact  create  permanent  gases  with  deposition  of  carbon. 
The  steam  brings  with  it  some  oxygen  and  nitrogen  which  was  dis- 
solved in  the  water  in  the  boilers,  and  this  oxygen,  together  with 
that  of  the  steam  tends  to  pick  up  this  deposit  of  carbon  with  libera- 
tion of  hydrogen.  As  an  agent  in  freeing  the  checkers  of  the  de- 
posit this  action  may  be  important.  It  would  be  more  important  if 
the  work  were  more  thoroughly  done.  As  an  element  in  thermal 
calculations  it  is  even  less  necessary  to  consider  it. 

If  the  so-called  gas  is  used  in  a  n(m-regeuerative  furnace  the 
steam  may  be  entirely  neglected  ;  the  liberated  hydrogen  must  be  oxi- 
dized again,  or  its  heating  power  will  be  lost,  while  if  such  oxidiza- 
tion does  take  place,  it  is  difficult  to  find  where  anything  is  gained. 

The  reaction 

C  +  H20  =  CO  +  2H 
followed  by 

CO  +  211  +  20  =  COj  +  HjO 

cannot  possibly  give  more  heat  thun  the  one  reacti<m, 

C  -I-  20  +  11,0  =  CO.,  +  H,0. 

It  is  therefore  ridiculous  to  speak  of  anything  being  gained  from 
the  steam  in  those  cases  where  all  reactions  must  occur  in  one  j>lace. 
In  a  regenerative  furnace  it  is  conceivable  that  dissociation  may 
be  effected  by  waste-heat,  and  the  dissociated  gases  be  burned  in 
another  place  where  heat  is  needed.     This  reasoning,  however,  can 


PHYSICAL    AxVD    CHEMICAL    EQUATIONS.  165 

apply  only  to  simple  dissociation.  The  transference  of  oxygen  from 
hydroj)j<Mi  to  carbon  in  the  chamber,  wlien  viewed  as  the  anticipa- 
tion of  tiie  reactions  in  the  furnace,  seems  a  purely  profitless  pro- 
ceeding. As  a  medium  for  transferring  the  oil-vapor  frotn  the  pro- 
ducer to  the  furnace,  the  steam  serves  a  useful  purpose,  but  it  may  be 
entirely  neglected  as  a  thermal  agent. 

The  following  are  analyses  of  various  gases  taken  from  furnaces 
using  oil-fuel. 

a. —  Gas  after  'passing  through  checkers : 


COj 

(',11, 

0 

CO 

H 

CH, 

N. 

Undecomposed  steam. 

1 

4.6 

0.0 

1.8 

9.6 

51.6 

8.4 

24.0 

240  grammes  per  cm. 

2 

.5.6 

0.4 

2.0 

112 

51.8 

7.2 

21.8 

122        "             " 

3 

4.4 

0.0 

4.0 

6.4 

42.2 

7.0 

36.0 

4 

6.6 

0.0 

0.6 

10.0 

37.3 

7.6 

37.9 

5 

4.0 

6.0 

L4 

5.4 

441 

22.1 

17.0 

6 

4.0 

7.6 

2.0 

5.4 

46.5 

23.1 

11.4 

7 

4.4 

3.6 

2.4 

6.0 

44.4 

19.0 

20.2 

It  will  be  noticed  that  the  above  analyses  of  gas  show  a  wide  varia- 
tion in  comjjosition.  The  first  four  samples  were  taken  after  travers- 
ing about  five  feet  of  open-hearth  checker-work  at  a  temperature  of 
about  1200°  C.  The  last  three  samples  were  taken  after  passing 
through  three  feet  of  heating-furnace  checker-work  at  a  much  lower 
temperature,  and  represent  the  oil-vapor  in  various  stages  of  decom- 
position. The  presence  of  so  much  free  oxygen,  the  high  CO2  and 
the  large  amount  of  steam,  when  considered  in  connection  with  the 
carbonaceous  components,  illustrate  plainly  the  fact  that  a  long  time 
and  a  high  temperature  are  necessary  for  the  completion  of  the  reac- 
tions incident  to  the  gasification  of  oil-fuel. 

^. — Products  of  Combustion — Theoretical. 

The  perfect  combustion  of  the  first  gas  in  the  above  table  will 
give  the  following : 


CO, 

C,FT, 

0 

CO 

H 

CFT, 

N 

4.6 

0.0 

1.8 

96 

51.6 

8.4 

24.0 

Gas  ( 1  ] 
Volume  of  gas,  100  cm.     Air  required,  217.5  cm. 

fCO.^       22.6  c  m.     22.6  cm.     10.3  per  cent. 
Products.  J  H.^0      71.7 

(x         195.9  195.9  cm.     897  per  cent. 

218.5  100.0 
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This  neglects  steam  in  the  gas  which  would  not  influence  volumetric 
composition  of  products. 

c. — Products  of  Combustion — Practical. 

As  before  stated,  the  gas  on  entering  the  checkers  deposits  large 
amounts  of  carbon  and  some  tarry  matter  from  the  dissociation  of 
the  complex  hydrocarbons.  The  products  of  combustion  which 
leave  by  way  of  the  gas-chambers  react  upon  this  deposit,  and  the 
result  may  be  seen  in  the  following  samples  : 

Products  at  top  of  gas-checkers  : 


CO, 

C,H, 

0 

CO 

H 

CH, 

N 

(8) 

2.4 

0.0 

0.8 

6.0 

9.9 

0.6 

80.3 

Sharp  flame 

(9) 

2.8 

0.0 

1.0 

3.0 

4.3 

0.8 

88.1 

<(           (( 

(10) 

3.4 

0.0 

0.4 

6.0 

7.4 

0.8 

82.0 

Soft 

Products  in  flue  after  passing  through  gas-checkers  : 


CO2 

C.H, 

0 

CO 

H 

CH4 

N 

(11) 

9.4 

0.0 

0.6 

2.6 

5.6 

0.4 

8L4 

(12) 

13.2 

0.0 

0.4 

0.4 

1.1 

0.4 

84.5 

(13) 

14.0 

0.0 

1.0 

1.4 

4.5 

0.8 

78.3 

CO2 

C,H, 

0 

CO 

H 

CH, 

N 

2.8 

0.0 

0.8 

5.2 

7.8 

0.8 

82.6 

Top. 

9.2 

0.0 

0.4 

2.0 

4.9 

0.8 

82.7 

Bottom. 

3.6 

0.0 

0.4 

5.2 

6.2 

1.0 

83.6 

Top. 

10.8 

0.0 

0.6 

1.8 

6.0 

1.0 

79.8 

Bottom. 

Double  samples.     One  taken  at  top  and  one  at  bottom  of  gas-checkers  at  same 
time ; 


(14)  I 

(15)  I 

A  consideration  of  the.se  figures  gives  ri.se  to  problems  which  are 
almost  insoluble.  Instead  of  carbonization  a  process  of  oxidation 
is  indicated.  For  purposes  of  comparison,  therefore,  the  products  are 
given  as  taken  from  the  air-chambers. 

Double  samples.  One  taken  at  the  top  and  one  at  the  bottom  of 
air-checkers  at  the  same  time : 

(16)  { 

(17)  { 

The  samples  from  the  bottom  of  the  chamber  are  harder  to  take, 


C02 

0 

CO 

H 

N 

34 

0.6 

8.2 

12.0 

75.8 

Top. 

1.8 

4.6 

0.0 

0.0 

83.6 

Bottom 

2.8 

0.8 

6.0 

11.2 

79.2 

Toj). 

9.6 

6.4 

0.0 

0.0 

84.0 

Bottom. 
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owing  to  an  increased  draught  to  overcome,  and  the  use  of  tubes  four 
feet  long,  extending  down  beyond  the  reach  of  air  from  the  testing- 
orifice.  The  collecting  tubes  in  the  above  instances  were  filled  with 
water  to  exclude  air,  and  the  pipes  reaching  into  the  flues  were 
washed  out  with  waste  gases  before  sample  was  taken.  In  the  fol- 
lowing instance  extra  care  was  used ;  the  amount  used  to  wash  out 
the  one-quarter  inch  pipe  was  over  five  hundred  times  its  capacity 
in  order  to  make  certain  that  no  air  came  from  the  apparatus  : 

Products  from  bottom  of  air-chamber. 

(Extra  precautions  in  taking  sample.) 

CO2  O  CO  H  N 

9.2  7. 'J  0.0.  0.0  83.6 

This  would  indicate  that  the  foregoing  samples  were  properly 
taken.  From  the  samples  numbered  16  and  17  we  have  the  follow- 
ing: 


CO3 

0 

CO 

II 

N 

Average  at  top  of  clieckers,     . 

3.1 

0.7 

7.1 

11.6 

77.5 

"        at  bottom  of  checkers, 

10.7 

5.5 

0.0 

0.0 

83.8 

To  get  the  5.5  per  cent,  of  oxygen  present  in  the  gases  from  the 
bottom  of  the  checkers,  we  must  assume  that  the  top-gases  are  burned 
with  about  100  per  cent,  more  air  than  is  needed  theoretically  for 
perfect  combustion.     This  gives  as  follows  : 

OlOO  cm.  Gas  plus  83.0  cm.  Air,  gives 
CO2,     10.2  cm.  10.2  cm.  =  6.3  per  cent. 

O,  8.7     "  8.7     "  =5.4       " 

H2O,    11.6     " 
N,      143.1     "  143.1     "  =  88.3        " 


162.0         100.0        " 

To  add  less  air  than  this  will  bring  the  percentage  of  CO2  nearer 
to  the  amount  found  at  the  bottom,  but  will  lower  the  oxygen  and 
raise  the  nitrogen ;  while  to  assume  that  the  leakage  of  chamber- 
walls  supplies  83  cm.  of  air  to  every  100  cm.  of  products  of  com- 
bustion is  rather  bold.  The  problem  is  somewhat  puzzling;  but 
experiments  on  different  furnaces,  under  different  conditions,  would 
probably  locate  the  causes  of  error. 

The  Chemical  Equation  of  the  Acid  Process. 

Sec.  61.  Sections  52-56  present  data  concerning  a  series  of  nine- 
teen heats  made  with  coal-gas.      The  amount  of  ore  used  varied 
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from  600  to  1500  lbs.  per  charge.  It  is  desirable  to  know  what 
conditions  obtain  with  varying  amounts  of  ore.  The  following  are 
the  results  of  analyses  and  calculations  on  charges  classed  according 
to  the  weight  of  ore  used  in  decarbonizing  : 

Group      I.  No  ore  used. 

"        II..  100  to  500    lbs. 

"      III.  600  to  1000    " 

"       IV.  1000  to  1500  " 

V.  1600  to  2500  " 

Each  group  embraces  from  two  to  five  members.  With  them  are 
given  the  results  of  the  nineteen  heats  given  in  sections  52-56. 

Sec.  62.  The  Composition  of  the  Slag. — The  following  is  a  com- 
parison of  the  composition  of  the  slag,  (1)  after  melting,  (2)  before 
tapping  : 

Silica.  6Ma0.                             FeO. 

Group.  (1)                (2)  (1)  (2)                (1)                (2) 

I.,  .  .  49.32  5073  19.16  19.60  27.00  27.93 

II.,  .  .  49.18  46.17  15.06  13.03  30.90  35.23 

III.,  .  .  48.79  47.83  14.24  11.68  33.54  37.00 

IV..  .  .  51.79  50.43  20.88  16.31  24.61  30.63 

v.,  .  .  50.29  49.82  20.91  16.50  26.66  30.22 

Av.  19  heats,  I     ^^^j         49.40        21.67         16.50        23.91         29.79 
See  Sec.  53.  -* 

Conclusions. — (1)  The  percentage  of  FeO  increases,  owing  to  ab- 
sorption from  the  ore. 

(2)  The  percentage  of  SiOa  remains  about  the  same,  owing  to  ab- 
sorption from  the  bottom. 

(3)  The  ])ercentage  of  MnO  decreases,  owing  to  dilution  by  the 
FeO  and  SiO^  added. 

Sec.  63.  The  Composition  of  the  Metal. — The  following  is  a  com- 
parison of  the  composition  of  the  metal,  (1)  after  melting,  (2)  before 
tapping : 

Si.                               Mn.  C. 

Group.                                              (!)•  (2)  (1)  (2)  (1) 

I., 03  .02  .06  .04  .36 

II., 01  .01  .03  .02  .18 

III., 04  .03  .05  .02          ■  .32 

IV., 07  .02  .15  .05  .61 

v., 09  .02  .15  .03  .57 

Average  19  heats,  I       _         ^g  .02  .09  .04  .54 

See  Sec.  53.        J 

Conclusions. — (1)  During  the  melting- period  there  is  oxidized  : 
Nearly  all  the  silicon  ; 
Nearly  all  the  manganese; 
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About  one-half  the  carbon  ;  (See  Section  54.) 
About  1  per  cent,  of  metiillic  iron.  (See  Section  54.) 

(2)  During  the  oreing  there  is  oxidized  : 
The  remaining  silicon  to  about  0.02  per  cent. ; 
The  remaining  manganese  to  about  0.03  per  cent. ; 
The  carbon  to  the  desired  point. 

Sec.  64.  The  Amount  of  FeO  Reduced. — The  following  is  a  cora- 
j)arison  of  the  groups  with  regard  to  the  amount  of  FeO  reduced 
during  oreing: 

(a)  =  pounds  FeO  added  in  the  ore. 

(b)  =  pounds  FeO  reduced  during  oreing. 

(c)  =  percentage  of  the  FeO  addition  that  is  reduced. 

(d)  =  pounds  FeO  added  to  the  slag  by  the  ore  addition  =  (a  —  b). 

Group.  (a)  (b)  (c)  (d) 

L, 7 

II., 223  58  27  165 

III., 664  346  52  318 

IV 1215  793  65  422 

v., 1499  1172  79  327 

Average  of  19  heats,  I         ^        ^  326  336  41  490 
See  Sec.  53.            i 

Note. — For  method  of  calculation,  see  Section  53. 

Conclusions. — (1)  In  the  case  of  Group  I.,  there  appears  to  be  a 
reduction  of  iron  from  the  slag ;  the  amount,  however,  is  so  slight 
that  it  is  covered  by  the  possible  errors  of  determinations. 

(2)  The  amount  and  percentage  of  reduced  FeO  rises  with  the 
amount  added. 

(3)  The  amount  of  FeO  added  to  the  slag  by  the  ore  does  not  in- 
crease proportionately,  or  even  ab-solutely,  with  an  increase  of  ore. 

Sec.  65.  The  foregoing  tables  give  the  data  of  the  various  heats 
at  two  periods,  (1)  after  melting,  (2)  before  tapping.  We  are  thus 
enabled  to  compare  ultimate  results.  It  i'emains  to  investigate  the 
record  of  reactions  between  these  two  epochs.  For  this  we  select 
four  heats,  each  using  1500  pounds  of  ore,  and  take  samples  at  four 
different  times,  as  follows:  (1)  After  melting,  no  ore  ;  (2)  after  add- 
ing 500  lbs.  ore;  (3)  1000  lbs.;  (4)  1500  lbs.  The  following  are 
analyses  of  metal  at  the  periods  mentioned. 
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No.  of 

Silicon. 

Manganese. 

Charge. 

No  ore. 

500  lbs.    lOno  lbs. 

1500  lbs. 

No  ore. 

IbOO  lbs. 

1000  lbs. 

1500  lbs 

7596 

.07 

.01           .01 

.01 

.10 

.02 

.02 

.02 

7598 

.04 

iindet.     undet. 

.01 

.02 

.02 

.02 

.02 

7606 

.04 

.05          .03 

.02 

.08 

.05 

.03 

tr. 

7635 

.13 

.07           .05 

.06 

.19 

.08 

.09 

.10 

Sec.  66.  The  Reduction  of  FeO  During  Greing. — The  slags  cor- 
responding to  the  periods  specified  in  Section  65  gave  the  following 
results : 

Silica. 


No  ore. 

500  lbs. 

1000  lbs. 

1500  lbs. 

7596 

50.27 

49.27  ■ 

52.77 

50.97 

7598 

51.96 

51.10 

50.30 

51.48 

7606 

52.43 

55.82 

55.73 

55.66 

7635 

52.94 

51.72 

52.28 

52.90 

MnO. 

No  ore. 

500  lbs. 

1000  lbs 

1500  lbs. 

7596 

14.91 

15.20 

14.70 

14.22 

7598 

21.65 

19.09 

17.50 

16.72 

7606 

15.61 

15.31 

13.89 

12.40 

7635 

21.84 

20.44 

19.06 

16.36 

FeO. 

No  ore. 

500  lbs. 

1000  lbs. 

1500  lbs 

7596 

31.23 

30.68 

26.96 

31.70 

7598 

22.59 

2612 

28.26 

26.03 

7606 

27.14 

2.5.11 

26.20  . 

26.96 

7635 

23.18 

24.21 

26.26 

29.13 

Sec.  67.  The  Reduction  of  FeO  During  Oreing. — The  weight  of 
slag  will  be  as  follows : 


No  ore. 

500  lbs. 

1000  lbs. 

1500  lbs 

7596 

4020 

4210 

4350 

4500 

7598 

2740 

3110 

3390 

3550 

7606 

1940 

2100 

2400 

2850 

7635 

1840 

2320 

2490 

2900 

From  which  we  derive  the  amount  of  FeO  in  slag  in  pounds  : 


No  ore. 

500  lbs. 

1000  lbs. 

1.500  lbs. 

7596 

1255 

1292 

1173 

1427 

7598 

619 

812 

958 

924 

7606 

527 

527 

629 

768 

7635 

427 

% 

562 

054 

845 

Average, 

707 

91 

793 

854 

991 

Increment, 

56 

137 

The  amount  added  in  the  ore  was  a  constant  for  the  three  periods 
— 405  pounds. 
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Hence  we  have  the  following,  as  reduced  : 

First  period 314 

Second  period,      ..........     349 

Tiiird  period, 268 

Note. — For  method  of  calculation,  see  Section  53. 

Sec.  68.  The  Reduction  of  FeO  During  Oreing, — Owing  to  diffi- 
culty in  taking  a  true  sample  of  the  slag  at  any  time  and  the  errors 
of  determination,  certain  irregularities  in  the  results  are  unavoidable. 
The  use  of  the  average  of  four  heats  tends  to  reduce  the  effect  of 
these  errors,  but  the  results  must  not  be  translated  too  literally. 

Practical  observation  makes  it  certain  that  after  the  carbon  is  re- 
duced below  0.15  per  cent.,  oxidation  of  iron  ensues.  The  decrease 
in  the  reduction  during  the  latter  period,  shown  by  the  results  given 
in  Section  67,  is  consistent  with  this  fact. 

Taken  as  a  whole  the  data  would  indicate  that  the  rate  of  reduc- 
tion is  practically  uniform  for  the  charge. 

The  Chemical  Equation  of  the  Basic  Process. 

Sec.  69.  Experimental  Data. — The  following  are  the  data  of  three 
series  of  heats  made  by  the  basic  open-hearth  process  : 

Conditions :  Five-ton  furnace ;  dolomite  bottom ;  lime  charged 
with  metal;  metal  charged  cold  and  all  at  one  time;  ore  added  as 
needed.     Melted  with  Archer  oil-gas. 

Recarbonization  :  First  series  in  ladle ;  second  series  in  furnace  ; 
third  series  in  furnace. 

In  the  first  two  series  no  bottom  was  made  between  the  charges, 
but  at  the  end  of  each  series  enough  dolomite  was  applied  to  restore 
the  bottom  to  its  original  condition,  and  the  wear  was  thus  deter- 
mined. After  the  third  series,  when  the  slag-line  and  other  small 
patch(.'s  had  been  repaired  by  the  use  of  1500  lbs.  of  dolomite,  it  was 
found  that  the  level  of  the  next  charge  was  lower  than  before  the 
series,  indicating  a  general  scorification,  which  was  estimated  at  4200 
lbs.  of  lining.  This  scorification,  however,  had  not  encroached  upon 
the  original  lines  of  the  bottom. 

Sec.  70.  In  running  a  basic  furnace  it  often  happens  that  the  bot- 
tom becomes  partially  filled  or  built  up  with  a  thick  viscous  material. 
This  arises  from  non-homogeneity  in  the  slag.  In  charges  which  do 
not  stay  long  in  the  furnace  after  melting,  the  lime-additions  do  not 
have  sufficient  time  to  unite  with  the  acid  ingredients  and  form  a 
homogeneous  mass.     The  result  is  a  slag  made  up  of  a  thin  homo- 
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geneoiis  liquid,  containing  practically  all  the  SiOj,  PjOj,  MnO  and 
FeO  and  part  of  the  CaO  and  MgO,  surrounding  and  enclosing  glob- 
ules and  masses  of  lime.  These  masses,  owing  to  absorption  of  the 
surrouiuling'liquid,  are  very  gummy;  and  when  the  furnace  is  tapped 
much  of  this  material  sticks  to  the  sides  and  bottom. 

Such  a  set  of  conditions  may  be  succeeded  by  one  or  more  charges 
having  a  thin  homogeneous  slag  and  a  high  temperature.  The  result 
will  be  a  scorification  of  this  deposit. 

Previous  to  the  third  series,  such  a  building  up  had  been  in  pro- 
gress. During  the  series,  such  a  wearing-away  ensued.  It  is  im- 
possible to  state  the  exact  composition  of  the  material  thus  taken  up, 
but  it  will  be  nearly  correct  to  assume  that  one-half  of  it  was  lime 
that  had  escaped  fluxing  and  the  other  half  was  slag  absorbed  by  this 
lime.  It  will  also  be  supposed  that  the  lime  and  slag  were  of  the 
same  composition  as  those  found  in  this  series. 

The  following  table  shows  the  materials  used  in  making  these  three 
series  of  heats,  with  the  analysis  as  far  as  known.  All  estimated 
values  are  enclosed  in  brackets.  Everything  is  thus  marked  where 
a  sample  was  not  taken  of  the  material  actually  used.  Every  practi- 
cal man  will  know  that  with  regular  stock  the  com})osition  is  known 
within  quite  narrow  limits. 

Sec.  71.— Table  of  Materials. 


FIRST  SERIES— SIX  HEATS.    ANALYSIS. 

Material, 

Weight. 

Si.          Mn. 

P. 

Si02.      CaO. 

MgO. 

FeO. 

Bessemer  Pig 

37,400 

0.45 
0.3<i 
[0.05] 

0.92 
1.68 
[0.90] 

0"6 

rn  nm 

Basic  Pig 

3,000 

[3  00]  '   1 ''  '■>"' 

Scrap 

38,000 

750 

3,600 

[1,000] 
470 

[.09] 
[.04; 

"^   •    ■■ 

Ore 

6.73 
6  19 

82.08    I 

Lime 

»n  M\ 

3.60 
[38.00] 

Dolomite.: 

[4.00]  '  [58.00] 

Ferro 

[80.00] 

1 

Wear  of  roof  assumed  to  be  15  lbs.  per  heat;  of  ladle-linings,  40  lbs. 
SECOND  SERIES-SEVEN  HEATS.    ANALYSIS. 

Material. 

Weight. 

Si. 

Mn. 

P. 

SiOa. 

CaO. 

MgO. 

FeO. 

Bessemer  Pig 

34,000 

3,500 

53,000 

500 

1,700 

3,975 

2,000 

1,220 

300 

0.43 
0.36 
[0.05] 

0.38 
1.23 
C.91 
0.50 

095 

m  sni 

1 

Basic  Pig 

■ 

Scrap 

!092 
[  030] 

Pit  Scrap 

f5  001 

' 

Ore 

[;040] 

'6.7.3 
5.40 
14  00 

["aj.bsf 

Lime  {partially  slaked).. 
Dolomite 

7(1  n7 

4.54 
[38.00] 

1  tsk  nh'i 

Ferro 

[80.00] 
[20.00] 

Spiegel 

1 

1            ■    1     ■ 

,  1 

Wear  of  roof  assumed  to  be  15  lbs.  per  heat ;  of  ladle-linings,  40  lbs.                _    ;, 
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THIRD  SERIES— SEVENTEEN  HEATS.    ANALYSIS. 

Material. 

Weight. 

Si. 

Mn. 

P. 

SiOa. 

CaO. 

MgO. 

FeO. 

Bessemer  Pig 

109.500 
8,. 500 

102.000 
1,000 
2,740 
10,200 
1,500 

[4,200] 
1,275 
5,100 

0.78 
0.22 
0.05 
0.01 

0.58 
1.03 
1.11 
0.50 

.082 
3.089 
.094 
0.02 
0.034 

Basic  Pig 

Scrap 

Pit  >CTH\> 

[5.00] 
1.00 
2.5 
1.37 

Ore 

88.38 
0.60 

78.1 
51.69 

2.8 
33.75 

Dolomite 

Wear  of  bottom 

Ferro 

79.76 
18.04 

SpiegeL 

Wear  of  roof  in  17  heats  estimated  to  be  360  lbs.  SiOo. 
\Year  of  ladle-linings,  1,200  lbs.,  of  which  the  SiOo  will  be  about  750  lbs. 
Sand  on  pig-iron  estimated  to  be  400  lbs. 
Note.— Figures  enclosed  in  brackets  [  ]  are  estimates. 

Sec.  72.  Chemical  Data  of  Slags  and  Metals. — The  samples 
of  metal  and  slag  \vere  taken  as  follows : 

A.  After  complete  fusion  of  the  metal. 

B.  After  beginning  of  the  boil. 

C.  Metal  ready  for  the  recarbonizer.  When  the  recarbonizer  was 
added  in  the  ladle,  this  test  was  taken  within  5  minutes  of  tapping. 

D.  Final  product  leaving  the  steel  ladle. 

Note. — All. data  given  below  refer  to  the  total  weights  and  av- 
erage samples  of  all  the  heats  included  in  the  series.  Such  averao-e 
samples  were  made  by  taking  a  sample  from  each  separate  heat  and 
mixing  them  together.  The  .same  method  was  employed  in  takinw 
samples  of  material  used.  A  small  amount  of  pig,  steel,  ore,  or 
lime,  was  taken  from  that  used  on  each  heat,  and  these  lots  were 
mixed  together  to  get  an  average  sample. 

The  following  is  a  table  showing  the  analysis  of  the  tests  of  slag 
and  metal: 

Table  of  Analyses  of  Slag  and  Metal. 


First  Series. 


Test  A.. 

"  B.. 

"  C.. 

"  U.. 


Second  Series. 


Test  A. 
"  B.. 
"  C. 
'•     D. 


Third  Series. 


Test  A.. 
"  B.. 
"  C.. 
•'     D.. 


Metal. 


Weight.    C.    Si.  Mn.   P, 


Not  ta  ken 


93,620 


192,750 
197,720 


.27 


.06  .33 

.01  .25 

.01,  .22 

.16;    .Oil  .49 


.013 


Slag. 


Weight.  SiOg.  MnO.  CaO.  I  MgO.  FeO.   PjOs 


.011  12.96 

.015     9,350       13.97 


.035 '  15.45 

.020 13.09 

.0131 '     9.66 

.014    13,140     I  10.31 


.046 19.21 

.022  16.3' 

.013  ■ I  15.08 

.018'  30,780     1  15.75 


12.84    40.76     4.43 


10.71 
12.14 


41.57     6.07 
40.26     6.44 


21.96 


22.23 
20.61 


2.48 


1.71 
1.83 


14.90    36.93  6.72    18.54  3.195 

14.29!  36.65  7.00    22. 3212.853 

9.87,  34.98  7.19    33.39  2.264 

14.85,  33.42  7.44.  27.72  1.559 


11.12  42.16  6.64  13.68  5.149 

10. .SO  42.78  7.87  lf..29'4.848 

9.01  42.16  8.45  20. :«  3.850 

14.11  39.05  10.40  16.05  2.961 


In  estimating  weight  of  C  metal,  allowance  is  made  for  addition  of  recarbonizer,  less  its 
oxidized  manganese. 
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Sec.  73.  Calculations  on  Slags  D. — From  the  composition  and 
weight  of  slags  D  we  may  compute  the  actual  amount  of  the  various 
components  present,  while  from  tiie  table  of  materials  in  Sec.  71, 
by  allowing  for  the  elements  contained  in  the  final  metal,  we  may 
determine  the  amount  of  each  component  which  we  should  expect  to 
find  ;  this  latter  we  will  call  the  "  theoretical  amount."  Following 
is  the  result  of  such  calculation  in  pounds : 


SiO, 

MnO 

CaO 

MgO 

FeO 

iP205 

First  series. 

Actual, 

.     1331 

1157 

3837 

614 

1964 

174 

Tlieoretical, 

.     1214 

1037 

3489 

510 

— 

323 

Second  series. 

Actual, 

.     1355 

1951 

4391 

978 

3642 

205 

Theoretical, 

.     1348 

1624 

3945 

940 

— 

414 

Third  series. 

Actual, 

.     4848 

4343 

12020 

3201 

5125 

911 

.  Theoretical, 

.     3383 

3946 

11201 

1069 

— 

1092 

Sec.  74. — In  the  results  of  the  first  two  series,  it  will  be  noticed, 
that  the  amounts  actually  found  in  the  slagof  SiO^,  MnO,  CaO,  and 
MgO  agree  reasonably  well  with  the  amounts  supposed  to  be  added. 
In  the  case  of  the  P2O5  a  considerable  loss  is  indicated.  It  was  with 
the  intention  to  verify  or  discredit  this  result  that  the  third  set  of 
charges  was  investigated.  In  this  series  care  was  taken  to  sample 
all  material  with  extra  precautions.  The  Bessemer  pig-iron  was 
sampled  by  taking  two  pieces  of  the  lot  charged  in  each  heat.  The 
basic  pig  was  also  sampled  each  heat,  and  the  analysis  agrees  with 
every  determination  ever  made  of  the  lot  in  question.  Both  the 
Bessemer  and  basic  pig-irons  came  from  large  piles  which  were  made 
up  of  metal  of  similar  composition,  and  were  well  mixed  when  un- 
loaded from  cars.  The  steel-scrap  all  came  from  one  rolling-mill ; 
this  mill  was  supplied  entirely  from  one  Bessemer  plant ;  the  product 
of  this  Bessemer  plant  was  sampled  by  taking  drillings  from  every 
sixth  heat  throughout  the  day  for  the  four  consecutive  days  in  which 
its  product  was  used  in  the  experiments.  The  regularity  of  compo- 
sition, as  far  as  phosphorus  is  concerned,  will  be  seen  from  the  fol- 
lowing list  of  determinations  of  this  element  from  such  daily  sam- 
ples :  .088,  .089,  .092,  .099— average,  .092.  The  scrap  was  also 
sampled  by  taking  a  piece  from  the  lot  charged  in  each  heat.  The 
average  phosphorus  obtained  was  .096. 

The  value  of  .094  for  the  phosphorus  content  of  the  steel-scrap 
may,  therefore,  be  looked  upon  as  reliable. 
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The  slag-tests  were  made  by  taking  a  sample  in  a  small  ladle 
from  three  different  parts  of  the  bath  after  thorough  stirring,  thereby 
avoiding,  as  far  as  possible,  the  effect  of  the  non-homogeneity  as 
described  in  Sec.  70. 

The  metal-tests  were  taken  at  the  same  time  as  the  slag-tests. 

The  following  is  the  full  calculation  of  the  third  series,  the  gen- 
eral principles  being  the  same  as  explained  in  the  note  to  Sec.  53, 
viz.:  Knowing  the  weight  of  slag  D,  we  subtract  the  weight  of 
material  which  entered  the  slag  between  tests  C  and  D ;  said  mate- 
rial is  as  follows  : 

(1).  The  MnO  from  recarbonizer. 

(2).  The  clay  from  ladle-lining. 

(3).  The  Si02  from  roof. 

(4).  The  SiOg,  CaO,  MgO,  etc.,  coming  from  bottom. 

(1).  IMnO  from  recarbonizer. 

Mn  in  metal  before  recarbonizer, 435  pounds. 

Mn  added  in  recarbonizer, 1937       " 

Total, 2372       " 

Mn  in  final  steel, 969       " 

Mn  entering  slag,  .......     1403       " 

MnO  formed, 1811       " 

(2).  Clay  from  ladle-lining. 

A  careful  estimate  of  the  wear  of  ladle-linings,  stoppers,  etc.,  gave 
for  the  17  heats  a  total  of  1200  pounds,  of  which  about  750  pounds 
would  be  SiOj. 

(3)  and  (4).  As  before  stated,  the  wear  of  the  roof  during  the 
series  was  estimated  at  360  pounds.  The  wear  of  the  bottom,  as 
explained  in  Sections  69  and  70,  was  estimated  at : 

Dolomite, 1500  pounds. 

Lime, 2100      " 

Old  slag, 2100      " 

Total, 5700       " 

All  of  the  above  reactions,  however,  do  not  fall  between  tests  C 
and  D.  It  is  impossible  to  apportion  to  each  period  its  proper  share, 
but  as  a  wrong  estimate  is  better  than  none,  it  will  be  assumed  that 
an  equal  amount  of  wear  of  roof  and  bottom  occurs  in  each  of  the 
four  intervals.  The  shortness  of  the  later  periods  is  offset  by  the 
greater  intensity  of  heat  and  increased  violence  of  the  reaction. 
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The  material,  therefore,  which  was  added  to  the  slag  between 
tests  C  and  D  from  the  roof  amounted  to  90  pounds,  and  from  the 
bottom,  1425  pounds. 

Sec.  75. — We  have,  then,  the  following: 


Pounds. 

Pounds 

Weight,  Slag  D  (scale  weight), 

30,780 

'  from  recarbonizer, 

1811 

Added  to  slag  between  J  from  ladle, 

1200 

Tests  C  and  D,             j  from  roof, 

90 

V  from  bottom. 

1425 

4,526 

Slag  a 

SiOa 

MnO             CaO 

MgO 

FeO 

P2O6 

15.08 

9.01            42.16 

8.45 

20.34 

3.850 

3959 

2365         11,069 

2218 

5340 

1011 

Weight,  Slag  C,  26,254 

Note. — Although  the  errors  in  above  assumptions  may  be  a 
large  proportion  of  the  amounts  to  which  they  apply,  the  proportion 
which  they  bear  to  the  slag  C  is  very  small.  The  total  weight  of 
this  slag  C  must  be  very  nearly  correct,  aud,  since  the  analysis  is 
known,  we  may  find  the  weights  of  the  components  as  follows: 


Weight. 
Analysis,  per  cent.,       — 
Pounds,  26,254 

Sec.  76.  Calculation  of  Slag  B. — In  the  calculation  of  slag  C,  it 
must  not  be  forgotten  that  very  little  depends  upon  estimates.  The 
weight  of  the  slag  before  tapping,  must  be  approximately  the  same 
as  after  it,  and  thus,  from  the  analysis,  we  may  calculate  accu- 
rately the  weights  of  the  constituents,  undisturbed  by  the  large 
quantity  of  MnO  introduced  by  the  recarbonizer  and  the  reactions 
incident  thereto.  In  the  less  valid  determinations  of  slags  B  and 
A,  the  data  of  slag  C,  as  given  above,  will  be  taken  as  the  basis  of 
operations.  It  is  necessary  to  select  also  a  componciiL  which  exists  in 
nearly  equal  amount  in  both  slags  B  and  C.  The  following  is  a 
synopsis  of  the  factors  operating  to  change  the  quantity  and  com- 
position of  the  slag  between  the  periods  B  and  C : 

(1)  The  Mn  oxidized  in  the  metal. 

(2)  The  P  oxidized  in  the  metal. 

(3)  The  ore  added  to  decarbonize  the  metal  =  775  pounds. 

(4)  The  droppings  from  the  roof. 

(5)  The  wear  of  the  bottom. 

The  MnO  formed  from  oxidation  of  bath,  is  found  as  follows: 
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Per  cent. 

Pounds. 

Weight  C  metal  (see  Table,  Section  72), 

192,760 

Mn  in  B  test, 

=       0.25 

Mn  in  C  test, 

=       0.22 

Oxidized, 

0.03 

=        5^ 

MnO  produced, 

=         75 

Similarly,  we  have  the  phosphorus  oxidized 

=        0.009  per  cent.         =         17  pounds        =        39  pounds  P^Oj 

The  wear  of  the  roof  and  bottom  has  been  assumed  to  be  one-fourth 
of  the  total  in  each  of  the  intervals  (see  Section  74). 
We  can,  therefore,  make  the  following  summary  : 

Added  to  Slog  between  Tests  B  and  C. 


Pounds. 

Si02. 

MnO. 

CaO. 

MgO. 

FeO. 

P2O5. 

Oxidation  of  Mn 

75 

Oxidation  of  P 

39 
1 

Ore 775  lbs. 

Roof-droppings 

8 
90 

5 
13 
83 

685 

Dolomite  from  bottom,  375  lbs. 
Lime            "           "       525  lbs. 
Old  slag      "          "       625  lbs. 

Total, 

194 
410 
205 

127 
15 
55 

74 

87 

16 

199 

149 

809 

197 

772 

56 

Selecting  from  these  factors  the  individual,  MnO,  and  calculating 
the  total  weight  of  slag  B,  we  have  the  following  : 


MnO  as  a  basis. 
"Weight  of  MnO  in  Slag  C  (see  Section  75), 
Added  between  B  and  C,        .        .         . 


2365  pounds 
149         " 


MnO  present  in  Slag  B, 2216 

Per  cent.  MnO  in  Slag  B  (see  Section  72),     .         .         .     10.36 
Weight  Slag  B  =  2216  -h  0.1036  =  21,390  pounds. 

We  then  have 

Slag  B. 

Weight.       SiOo         MnO        CaO 
16.37       10.36       42.78 
21,390       3502       2216        9151 
Note.— 775  pounds  ore  added  between  B  and  C. 
VOL.  XIX.— 12 


Analysis,  per  cent., 
Pounds, 


MgO         FeO         P2O5 
7.87      1629      4.848 
1683       3484        1037 


178  PHYSICAL,    AND   CHEMICAL   EQUATIONS. 

In  the  above  calculation,  the  MnO  is  chosen  because  the  amount 
added  from  the  bath  during  the  interval  between  B  and  C  is  deti- 
nitelv  known,  and  the  amount  from  the  wear  of  the  bottom  is  a 
small  proportion  of  the  whole.  It  is  also  one  of  the  components 
which  a's  explained  in  Section  70,  will,  in  the  early  stages  of  the 
operation,  be  a  constituent  of  the  fluid  and  homogeneous  part  of  the 
slag. 

Sec.  77.  Calculation  of  Slag  A. — By  exactly  the  same  method  as 
exemplified  in  the  calculation  of  slag  B,  we  have : 

MnO  as  a  basis. 

Weight  of  MnO  in  slag  C, 2365  pounds. 

Added  between  A  and  C, 422       " 

MnO  in  slag  A, 1943       " 

Per  cent.  MnO  in  slag  A  (see  Sec.  72),        .         .         .    11.12 
Weight  slag  A  =  1943  -f-  0.1112,       ....    17,470  pounds. 


And  from  this  we  have 


Slag  A. 


Weight.      SiOa      MnO      CaO  MgO  FeO  P0O5 

Analysis,  per  cent.,          —        19.21    11.12    42.16  6.64  13.68  5.149 

Pounds,  .         .         .     17,470     3356     1943     7365  1160  2390  900 
Note. — 1965  pounds  of  ore  added  between  A  and  B. 

Sec.  78. — Summary  of  results: 


Pounds. 

Slag. 

Weight. 

SiOa 

MnO     •   CaO 

MgO 

FeO 

P2O6 

A, 

.     17,470 

3356 

1943        7365 

1160 

2390 

900 

B,        . 

.     21,390 

3502 

2216        9151 

1683 

3484 

1037 

C, 

.     26,254 

3959 

2365     11,069 

2218 

5340 

1011 

D,        .        .     30,780      4848      4343     12,020      3201       5125        911 

The  small  amount  of  CaO  and  MgO  in  slags  A  and  B  indicates 
the  existence  of  the  conditions  described  in  Sec.  70.  The  lime 
and  dolomite  are  not  wholly  incorporated  in  the  liquid  portion  of 
the  slag,  which  is  made  up  of  all  the  SiO.^,  MnO,  FeO  and  P.^05. 

Sec.  79.  The  P^O^.—We  have  found  in  Section  76  that  the 
amount  of  PjO^  which  is  added  to  slag  between  tests  B  and  C 
amounts  to  66  pounds.  In  the  same  manner,  we  find  that  the  amount 
added  between  A  and  B  is  121  pounds.  Comparing  the  results  of 
this  calculation  with  the  values  of  the  summary  we  have: 
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Slag. 

A,.        .         . 

B,  .        .        . 

C,  .        .        . 

D  (see  Sec.  73), 


Pounds  PjOs 

Calculation.               Summary 

.     834                         900 

.     955 

1037 

.  1011 

101.1 

.  1092 

911 

We  thus  find  tliat  no  loss  of  phosphorus  is  indicated  by  the  re- 
■sults  of  this  serie.s,  but  that  variations  are  included  within  the  limits 
of  error. 

Sec.  80.  The  FeO. — The  amount  of  FeO  in  the  various  slags  is 
dependent  upon  the  rate  of  oxidation  of  the  iron  in  the  bath,  and 
upon  the  reactions  between  the  bath  and  the  ore  which  is  added. 

(1).  Interval  during  m.elting  : 


Amount  of  FeO  in  slag  A,    . 

Of  wliicli  tlie  wear  of  bottom  supplied, 


2390  pounds. 

87       " 


Leaving  as  product  of  oxidation  of  the  metal,      .         .     2303 
Eepresenting  1791  pounds  of  Fe,  or  about  0.9  per  cent, 
of  the  charge. 

(2).  Interval  between  A  and  B  : 


Amount  of  FeO  in  slag  A,  as  above,    . 

Amount  added  in  ore  between  A  and  B,        .        .  1737 

Amount  from  wear  of  bottom,       ....       87 


2390  pounds. 


Total  additions  of  FeO,  ....  1824 

Total,  which  would  be  in  slag  B  if  no  reactions  occurred,  4214 
FeO  in  slag  B  (see  summary),       ....  3484 


FeO  reduced  between  A  and  B,   . 
Eepresenting  40  per  cent,  of  tlie  FeO  added. 


730 


(3).  Interval  between  B  and  C: 

Amount  of  FeO  in  slag  B,   . 
Added  in  ore  between  B  and  C,    . 
Amount  from  wear  of  bottom, 

Total  FeO  added,  . 


685 
87 


Amount  wliiclr  would  be  in  C  if  no  reactions  occurred, 
FeO  in  slag  0, 

Increment  between  B  and  C,         .         .         .         . 

Allowing  for  the  772  pounds  coming  from  the  ore 
and  bottom,  we  have  312  pounds  from  the  bath, 
representing  243  pounds  of  Fe,  or  |  of  1  per  cent, 
of  bath. 


3484  pounds. 


772 


4256 
5340 

1084 
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(4).  Interval  between  C  and  D  : 

Amount  of  FeO  in  slag  C, 5340  pounds. 

Amount  from  wear  of  bottom, 87       " 

Amount  which  would  be  in  D  if  no  reactions  occurred,      5427       " 
FeO  in  slag  D, 5125       " 

FeO  reduced  between  C  and  D, 302       " 

These  figures  indicate  that,  as  in  the  case  of  acid  work,  reduction 
of  iron  from  the  slag  obtains  while  the  bath  is  high  in  carbon: 

The  total  FeO  in  slag  D  is, 5125  pounds. 

Representing  3986  pounds  Fe,  or  about  2  per  cent. 

of  metal  charged. 
The  amount  of  FeO  from  ore  and  bottom  is,        .         .     2770       " 

Hence,  the  amount  from  oxidation  of  bath,   .         .         .     2355       " 

Representing  1832  pounds  of  Fe,  or  about  1.0  percent. 

of  the  bath. 

t 

Sec  81. — The  full  calculations  of  the  first  two  series  are  not 
given  here,  but  all  the  data  are  recorded.  If  future  experiments 
should  indicate  the  volatilization  of  any  portion  of  the  phosphorus  of 
the  bath,  or  shoald  show  that  the  chemical  methods  are  incorrect, 
these  results  may  serve  as  corroborative  evidence.  If  not,  they  re- 
main as  monuments  to  error. 

The  Thermal  Equation. 

Sec.  82.  The  Thermal  Equation  of  the  Furnace — Determination  of 
Constants. — In  the  determination  of  the  amount  of  heat  required 
theoretically  to  melt  and  superheat  an  open-hearth  charge,  it  is 
necessary  to  know  the  thermal  data  of  the  pig-iron  and  steel  used. 
Unfortunately  different  experimenters  give  different  results  for  both 
the  critical  temperatures  and  the  determinati(m  of  the  values  of 
specific  heat.  Taking,  however,  two  sets  of  values  given  by  good 
authorities,  it  will  be  found  that  the  variations  balance,  to  some  ex- 
tent, and  the  totals  show  an  ap])roximate  agreement.  We  quote  the 
figures  given  by  Akerman  and  those  by  Troilius.  The  latter 
author  does  not  distinctly  state  his  authority  for  all  the  values,  but 
mentions  the  work  of  Ledebur,  Favre  and  Silverman. 

Sec.  82a.  Melting- Points: 

Degrees  C. 

o 

Akerman.         Troilius. 

Melting-point,  pig-iron, 1200 

"  '•       white  pig, —  1050-1100 

"  "       gray  pig —  1200-1300 

"  "       steel  (probably  high  carbon),     .  —  1300-1400 

"  "       soft  iron, —  1600 

Ilighe-t  heat  Bessemer  onnvertor.     .         .         .  'JUDO 
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From  which  we  may  assume  as  the  average  temperature  of 


Tapping  an  open-liearth  charge,       ....     1800  degrees  C. 
Melting  rail-steel, 1450 


>(  u 


Sec.  82b.  Latent  Heat  (calories  per  kilo). 

o 

Akerman.  Troilms. 
Latent  heat  of  fusion,  pig-iron,       ....             46 

"         "  "         gray  pig,       ....  33 

"         "  "        white  pig,      ....  23 


From  which  we  may  assume  that  the  truth  is  about: 

Steel 20 

Pig-iron, ,30 

This  factor  does  not  play  an  important  part,  ami  the  error  of  this 
supposition  will  but' slightly  influence  the  result. 
Sec.  82c,  Specific  Heat  (calories  per  kilo). 

o 
Akerman.    Troilius. 

Specific  heat,  pig-iron  0°  to  1200°,       ,  ,  .  0.16 

"        "  "       1200°  to  1800°,  .  .  0.21 

"      0°  to  1500°,        .  .  .  0.18 

"        "  "       1500°  to  1800°,  .  .  0.20 

Calculating  by  both  sets  of  data  we  have : 

Akerman.      Troilius. 
Heating  from  0°  to  1800° 318  330 

Hence  probable  value  is  abont 325 

Sec,  82d. 

Troilius. 

Specific  heat,  steel  (probably  higli-carbon), 1175 

"     soft  iron,        .  ' 1081 

Hence  probable  value,  solid  rail  steel, 1125 

"  "  "      melted  (compare  Section  82c),        .         .     .1275 

Sec,  83.  Calories  Absorbed  by  Bath. — -From  the  foregoing  data 
we  may  calculate  roughly  the  heat  absorbed  in  the  melting  and 
superheating  of  an  open-hearth  charge  consisting  of  one-sixth  pig- 
iron  and  five-sixths  rail-steel  scrap. 
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One  kilo  of  mixture.  Calories, 

Heating  pig-iron  from  0°  to  1800°=  J  X  325,     ....       54 

Latent  lieat  of  fusion,  . 5 

Heating  steel  0°  to  1450°=  I  X  1450  X. 11 25,   .        .         .         .163 

"      1450°  to  1800°  =  I  X  350  X  .1275,         ...      45 

Latent  beat  of  fusion, 17 


Total  per  kilo, 


284 


One  ton  =  1020  kilos. 

Hence  heating  and  melting  to  1800°  C.  one  ton  of  mixture  would  require 

1020  X  284  =  290,000  calories. 

Sec.  84.  Composition  and  Calorifte  Power  of  Coal. — In  the  Journal 
of  the  Iron  and  Steel  Institute  for  1887,  there  are  given  data  con- 
cerning the  calorific.  j>o\ver  of  different  coals  as  determined  by  ex- 
periment, compared  with  the  heating  power  as  determined  by  cal- 
culation. The  results  show  that  there  is  a  field  of  chemical  physics 
in  which  ignorance  still  resides.  Selecting  from  the  samples  given 
the  specimens  which  run  between  80  and  90  per  cent,  carbon,  as 
approximating  to  the  coal  used  in  the  foregoing  determinations,  we 
have  the  following : 


Calories 

per 

kilo. 

C. 

H. 

C/H. 

Experimental. 

Theoretical 

(1) 

88.5 

4.41 

20.0 

9623 

8431 

(2) 

87.0 

4.72 

18.11 

9111 

8404 

(3) 

87.5 

5.10 

17.1 

8964 

8552 

(4) 

82.7 

5.07 

16.3 

8021 

8154 

A  v.,  86.4  4.82  17.9  8930  8385 

The  coal  used  in  the  work  given  in  the  foregoing  pages  ran  as 
follows  : 

C.  H.  Ash.  S+O  +  N.  C/H. 

82.5  4.7  8  5  4.5  17.6 

Hence  we  may  assume  that  the  heating-power  of  this  coal  is  about 
8500  calories  per  kilogramme — experimental  value. 

The  composition  would  indicate  a  theoretical  value  of  about  8000 
calories  as  determined  by  the  usual  formulje. 

The  method  used  in  the  foregoing  pages,  as  shown  in  Section  19, 
gives  the  value  iildS  calories,  which  will  be  used  as  a  basis. 

Sec.  85.  The  Heat  Produced  bi/  Internal  Combustion. — From  the 
data  given  in  Section  54  we  may  derive  the  following  : 

Weight  24  tons. 

During  melting  : 
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Calorific  power 

Calories 

BLbs.  oxidized. 

Kilos  oxidized. 

per  kilo. 

produced. 

Si, 

.     219 

100 

7830 

783,000 

Mn, 

.     473 

215 

2000 

430,000 

Fe, 

.    523 

238 

1350 

321,000 

c, 

.     279 

127 

8080 

1,026,000 

Total  durinor  meltiii'] 


2,560,000 


During  oreing  : 

Lbs.  Kilos.         Caloric  Power.    Calories, 

oxidized.  oxidized.  per  kilo.       produced. 

Mn,       .        .        .        .28  13  2000  '26,000 

Fe,       .        .        .        . 

C,         ....  230  105  8080  848,000 

Total  during  oreing, 874,000 

Total  during  melting, 2,560,000 

"     during  oreing, 874,000 

"     during  heat, 3,434,000 

Per  ton, 143,000 

Sec.  86.  A  Summary  of  the  Data  Determined. — In  the  foregoing 
pages  the  following  facts  have  been  determined  : 

Section  19. — Calorific  value  of  coal,  8198  calories  per  kilo. 

Section  46. — Kilos  of  coal  per  ton  of  product  wiiile  charge  is  in  furnace  =  290. 

Hence  while  charge  is  in  furnace  the  heat  produced  from  coal  =^  2,377,420. 

Of  tliis  amount  there  is  the  following  distribution  : 

Section  19. — Lost  in  ash  as  carbon,  5.9  per  cent.  =r  140,650  calories. 

Section  20. — Lost  in  producer,  29.2  per  cent.  =  694,840  calories. 

Section  19.— Potential  in  gas,  64.9  per  cent.  =■  1,541,930  calories. 

Of  tliese  1,541,930  calories  given  to  the  furnace,  supposing  that  the  waste-gases 
escape  at  a  temperature  of  300°  C.  in  excess  of  the  incoming  gases,  the  following 
losses  occur : 

Section  30. — Due  to  specific  heat  of  products  of  combustion,  16  per  cent,  of  poten- 
tial heat  of  gas  =  246,709  calories. 

Section  42. — Due  to  imperfect  combustion,  4.5  per  cent.  =  69,390  calories. 

Section  83. — The  heat  necessary  for  melting  and  heating  =  290,000  calories. 

Section  85. — The  heat  produced  by  internal  combustion  =  143,000  calories. 

Sec.  87.  The  General  Thermal  Equation  of  the  Furnace. — From 
the  foregoing  data  we  may  construet  the  following  : 


I'er  ton  of  product : 

Heat  generated  from  coal, 

Heat  generated  from  internal  combustion, 

Total 


Calories. 

2,377,420 

143,000 

2,520,420 
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Heat  lost  as  carbon  in  ash, 

Heat  lost  in  producer, 

Heat  lost  in  waste-gases, 

Heat  lost  from  imperfect  combustion, 

Heat  lost  in  melting  and  heating,     . 

Heat  lost  in  radiation  (by  difference). 


Calories.  Per  cent. 
140,650  5.6 

694,840  27.6 
246,710  9.8 

69,390  2.8 

290,000  11.5 

1,078,830  42.7 


2,520,420  100.0 


Sec.  88.   The  Fuel  Consumed  in  an  Empty  Furnace. — From  Sec- 
tion 87  we  see  that  the  heat  produced  by  the  coal  alone  for  a  certain 
production  is  2,377,420  calories  ;  the  losses  due  to  causes  not  con- 
nected with  the  bath  amount  to  2,230,420  calories,  or  94  per  cent, 
of  the  total.     This  ratio  applies  to  a  given  time  as  well  as  to  a  given     i 
production.     Hence  the  amount  of  coal  necessary  to  keep  the  furnace     ' 
continuously  at  a  working-temperature  is,  by  our  calculation,  94  per 
cent  of  the  usual  consumption.     But  as  the  furnace  is  never  kept  at 
the  working-temperature  when   empty  for  any  considerable  period,    i 
as,  for  instance,  over  Sunday,  the  radiation  decreases  and  the  con- 
sumption varies  according  to  the  length  of  time  and  the  temperature    I 
maintained.     When  economy  is  carried  too  far  in  the  use  of  coal,  it 
will  be  found  that  the  first  charge  will  take  an  abnormal  amount  of    ' 
fuel.     This  excess  belongs  to  the   period  of  stoppage,  as   it  goes  to 
restore  the  lost  heat  of  the  chambers  and  to  build  up  the  fuel-bed  of 
the  producer  to  a  proper  thickness.     The  following  are  records  of   ' 
coal  consumption  showing  the  relative  amounts  of  coal  used  : 

(1)  During  the  stop,  Saturday  night  and  Sunday. 

(2)  During  Sunday  night  and  Monday,  when  the  furnace  was  in   > 
operation,  and  during  which  time  the  fires  and  furnaces  were  being 
brought  up  to  their  normal  condition: 

(3)  During  regular  and  normal  work. 

Without  attempting  to  reduce  these  data  to  a  formula,  it  will  be 
evident  that  the  consumption  of  coal  in  keeping  a  furnace  at  a  dull 
yellow  temperature  is  over  three-quarters  as  much  as  is  necessary  in 
melting-operations;  more  than  this,  the  abnormal  amount  charged 
to  Sunday  night  and  Monday  shows  that  a  part  of  the  fuel  of  this  |fi 
period  belongs  to  the  time  of  stopj)lng.  It  is  reasonable  to  suj)pose 
that  to  maintain  a  furnace  at  the  usual  working-temperature  would 
require  the  full  94  per  cent,  called  for  by  the  previous  calculations  \'i 
as  summarized  in  Section  87. 


PHYSICAL    AND   CHEMICAL    EQUATIONS. 


185 


FIRST  TRIAL. 

SECOND  TRIAL. 

Hours. 

Hoppers. 

Average 
Per  Hour. 

Hours. 

Hoppers. 

Average 
Per  Hour. 

Saturday  night 

14 
11 

189 
186 

13.5 
16.9 

14 
11 

210 

208 

15.0 
18.9 

25 

375 

15.0 

25 
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18.2 
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231 
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61 

1118           18.33 

The  Dynamical  Equation. 

Sec.  89.  Of  an  ordinary  heating- furnace  not  using  forced  blast, 
it  is  common  to  hear  it  said  tliat  the  chimney  draws  the  air  into 
the  fire-box.  This  is  a  complete  mistake,  and  since  the  same  falla- 
cious conception  is  carried  into  the  more  complicated  dynamics  of 
the  regenerative  furnace,  it  may  be  well  to  consider  the  simpler 
problem.  Every  piece  of  matter  which  is  hotter  than  its  immediate 
environment  tends  to  warm  the  gases  in  contact  with  it  and  cause 
them  to  rise.  This  necessarily  tends  to  produce  a  vacuum  beneath 
and  a  plenum  above.  Such  is  the  situation  in  the  fire-box  of  a  fur- 
nace. The  fire-bed  may  be  looked  upon  as  a  blower,  drawing  in  the 
air  at  one  end  of  a  cylinder  and  forcing  it  out  at  the  other. 

If  the  outlet  is  ample  the  pressure  will  be  slight;  if  it  is  small 
the  pressure  will  be  high.  If  it  is  blocked  altogether  the  blower 
will  be  unable  to  work,  and  there  will  be  a  backing-down  of  the 
ga.ses  coming  from  the  distillation  of  the  volatile  hydrocarbons. 

We  may  put  another  blower  on  the  opposite  end  of  the  furnace, 
to  take  the  products  of  our  first  blower  and  force  them  elsewhere. 
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This  we  do  when  we  put  a  chimney  there.  If  it  has  ample  inlet  and 
outlet,  if  it  is  high  enough  and  hot  enough,  it  will  be  more  powerful 
than  the  blower  from  which  it  derives  its  supply  and  there  will  be  a 
vacuum  above  the  fire.  These  conditions  we  try  to  produce  when 
we  start  the  fire. 

But  if  we  reduce  the  outlet  sufficiently  we  may  reach  that  point 
where  the  second  blower  is  not  quite  equal  to  the  first,  and  the  result 
will  be  a  slight  plenum  in  the  furnace,  which  tries  to  relieve  itself 
by  squeezing  out  of  the  doors  and  other  openings. 

As  long  as  there  is  an  outward  pressure  at  the  doors  (and  a  furnace 
is  usually  run  in  that  condition)  it  is  an  absurdity  to  speak  of  the 
stack  drawing  the  air  into  the  fire.  The  chimney  takes  away  from 
the  furnace  what  is  put  in  by  the  fire.  Like  ev^ery  blower  or  pump 
the  fire  will  force  more  against  a  diminished  pressure,  and  since  in- 
creased draught  of  the  chimney  will  cause  diminished  pressure,  we 
may  carelessly,  but  always  incorrectly,  speak  of  the  direct  influence 
of  the  damper  upon  the  grate. 

.  A  producer  is  a  heating-furnace  with  an  abnormally  thick  bed  of 
coal  in  the  fire-box.  The  products  of  combustion  are  forced  into  the 
tube  and  finally  escape  through  the  valves  into  the  furnace.  It 
sometimes  happens,  owing  to  an  insufficient  producer-power,  or  to 
obstructions  in  the  tubes,  or  other  causes,  that  there  is  a  partial 
vacuum,  but  there  should  be  a  plenum  in  all  parts  of  the  tube. 

In  order  that  a  strong  outward  pressure  may  be  had  at  the  valve 
and  a  lower  pressure  obstruct  the  draught  of  the  producer,  it  is  well 
to  make  the  conducting  pipe  considerably  above  the  level  of  the 
producer.  This  will  give  an  uptake  for  the  hot  producer-gases  and 
a  downtake  for  them  after  they  have  partially  cooled,  and  we  shall 
obtain  a  syphonic  action  which  will  facilitate,  but  is  not  necessary 
to  good  work. 

As  soon  as  the  gas  goes  through  the  valves  it  meets  with  the  pull- 
ing power  exerted  by  the  regenerative  chamber.  By  this  action  it 
is  drawn  into  thechamber  and  pushed  upward  into  the  furnace.  In 
this  process  the  mass  of  checkers  acts  precisely  like  the  bed  of  coal 
in  a  heating  furnace.  Whether  a  plenum  is  caused  in  the  furnace- 
chamber  above  depends  upon  the  conditions  of  the  opposite  end  of 
the  furnace  construction.  The  chamber  on  the  outgoing  end  is  also 
trying  to  force  gases  into  the  ui)per  room,  but  the  connected  stack 
is  supposed  to  have  sufficient  draught  to  overcome  this  tendency  and 
also  to  be  able  to  handle  the  gases  pushed  in  by  the  chamber  on  the 
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incoming  end.  By  regulating  the  draught-area  in  the  stack,  a 
plenum  or  a  vacuum  may  be  created  in  the  upper  room. 

It  should  hardly  be  necessary  to  repeat  that  an  action  which  per 
se  causes  a  vacuum,  can  by  no  alteration  short  of  complete  subversion 
create  a  ))lenum. 

It  follows,  therefore,  that  the  gases  entering  the  furnace  come  in 
through  influences  entirely  extraneous  to  the  action  of  the  draught. 

The  above  remarks  apply  to  a  furnace  in  running  order  with  iiot 
chambers.  If  the  furnace  is  just  starting,  the  conditions  are  different, 
and  the  pumping  action  of  the  chamber  on  the  incoming  end  may  be 
almost  entirely  absent.  Under  these  circumstances  it  is  perfectly 
])ossible,  and  sometimes  necessary,  to  have  the  gas  palled  in  by  the 
drauffht  of  the  stack. 
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BY  C.    M.    BALL,   TROY,    N.  Y. 
(IStew  York  Meeting,  September,  1890.) 

The  magnetic  concentration  of  iron-ores  has  been  so  often  and 
so  widely  studied  and  discussed  among  the  members  of  the  Institute 
that  any  remarks  concerning  its  general  importance,  from  an  eco- 
nomic standpoint,  would  be  superfluous;  but  it  is  thought  that  a 
description  of  the  Ball  and  Norton  ore-separator,  designed  for  cob- 
bing and  separating  magnetic  iron-ores,  indicating  its  essential  differ- 
ences from  other  machines  and  the  advantages  claimed  for  it,  together 
with  some  account  of  recent  results  obtained  in  its  application  to  the 
concentration  of  such  ores,  will  prove  of  interest. 

This  machine  is  the  joint  invention  of  Mr.  Sheldon  Norton,  of 
Hokendauqua,  Pa.,  and  the  writer,  and  has  been  patented  in  the 
United  States,  Canada,  and  other  countries. 

Of  the  accompanying  illustrations,  Fig.  1  represents  a  longitudinal 
vertical  section  of  the  perfected  ore-separator,  adapted  for  separ- 
ating fine  ore,  and  Fig.  2  the  same,  adapted  for  cobbing  ore  of 
the  size  of  stove-  or  chestnut-coal.  The  two  designs  are  identical  in 
principle,  and  vary  from  each  other  in  minor  details  only. 

The  apparatus  consists  of  a  partially-closed  chest,  having  an 
opening  at  /,  from  the  feed-hopper,  h,  through  which  the  ore  is 
delivered  to  the  machine  from  an  ore-pocket  or  storage-bin  provided 
with  means  for  regulating  the  flow  of  ore,  so  that,  when  the  machine 
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is  in  operation,  the  hopper  is  kept  always  full.  Other  openings  are 
provided  for  the  discharge,  at  t,  of  tailings  ;  at  m,  of  middlings  ;  and 
at  c,  of  concentrates ;  also,  at  e,  for  allowing  free  ingress  of  air  to 
the  chest  at  that  point,  and  at  s,  where  a  powerful  exhaust-fan  is 
connected.  The  openings  at  t  and  m  are  kept  sealed  against  ingress 
of  air  at  those  points  by  means  of  the  hinged  and  weighted  valves, 
V,  V,  which  discharge  the  products  from  the  hoppers,  p  and  k,  con- 
tinuously, and  in  the  same  proportion  as  received  from  above,  when 
a  sufficient  weight  has  accumulated  upon  the  inside  to  cause  tiie 
contents  of  the  hoppers  to  leak  by  the  valves. 

The  machine  is  also  provided,  as  shown,  with  two  drums,  Nos.  1 


il 


Fij  L 


BaD  Nortm  &  Porttr 
Ma^oe&c    Separator 


and  2,  turning  upon  the  shafts,  i  and  J.  These  shafts,  together  with 
the  magnets,  a  and  b,  which  they  also  serve  to  support,  stand  still, 
while  the  drums  may  be  rapidly  revolved  around  the  magnets  and 
out  of  contact  therewith. 

It  will  be  noticed  that  the  magnet  occupies  a  sector  of  the  drum, 
the  proportions  being  such  that,  approximately,  one-third  of  the 
periphery  of  the  drum  is  within  the  influence  of  the  magnetic  field, 
while  the  upper  two-thirds  is  outside  of  the  field  and  removed  from 
the  magnetic  influence.  The  magnet  is  so  constructed  as  to  present 
a  series  of  poles  of  alternately  opposite  polarity  near  the  inner  sur- 
face of  the  drum.  In  accordance  with  the  well-known  phenomena  of 
magnetic  attraction,  which  in  the  case  of  powerful  magnets  is  exerted 
at  a  considerable  distance  from  the  magnetic  poles,  any  magnetizable 
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matter  brought  near  the  nutov  surface  of  the  drum,  witliin  the  arc 
covered  hy  the  magnet,  will  be  powerfully  attracted  and  drawn  into 
firm  contact  with  the  outer  surface  of  the  drum. 

These  drums  are  composed  of  a  non-metallic  and  neutral  material, 
such  as  wood,  paper,  etc.,  and  they  turn  in  the  direction  indicated 
by  the  arrows. 

Just  below  the  feed-hopper  an  a|>ron  of  neutral  metal.  No.  3,  is 
arranged,  curving  downward  and  forward  in  the  direction  of  the 
rotation  of  the  drum,  its  lower  portion  describing  a  short  arc  con- 


centric to  the  surface  of  the  drum.  This  serves  as  a  chute  to  direct 
the  stream  of  ore  falling  from  the  feed-hopper  within  the  influence 
of  the  first  two  or  three  poles  of  the  magnet.  A  similar  but  some- 
what shorter  apron.  No.  4,  is  arranged  in  like  relation  to  the  second 
drum  and  magnet,  6. 

Attention  is  called  to  the  provisions  for  applying  and  directing 
the  air-current,  which  fulfils  an  important  function  in  the  process  of 
separating  ore  as  developed  in  this  apj)aratus.  The  air  may  enter 
freely  at  the  openings  c  and  e,  and  is  drawn  thi'ough  and  out  of  the 
chest  by  the  action  of  a  powerful  exhaust-fan  connected  at  s.  The 
air   which    passes    through    the   chest   containing   the  drums  and 
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magnets  must,  of  necessity,  follow  the  course  indicated  by  the 
arrows  in  the  space  below  the  drums. 

When  the  machine  is  put  in  operation  the  magnets  are  excited, 
the  drums  are  revolved  in  the  direction  before  indicated,  the  air- 
current  is  established  through  the  machine  in  a  direction  opposite 
to  that  of  the  rotation  of  the  drums,  and  ore  is  supplied  through  the 
feed-hopper  which  is  kept  always  full.  The  ore  passes  down  the 
chute  under  the  first  drum,  and,  as  soon  as  it  comes  within  the 
influence  of  the  magnet,  the  magnetizable  portions  are  drawn  into 
contact  with  the  drum  and  through  friction  upon  its  surface  take  on 
the  ibrward  movement  of  the  drum.  At  this  stage,  a  curious  and 
important  result  takes  place.  In  accordance  with  the  well-known 
laws  of  magnetic  induction,  a  particle  of  iron  brought  near  a  magnet 
itself  becomes  a  magnet  by  induction,  and  the  magnetic  force  tends 
to  bring  the  longer  axis  of  this  induced  magnet  into  a  position  as 
nearly  as  possible  parallel  to  the  direction  of  the  magnetic  force. 
So  a  single  particle,  or  many  particles,  brought  near  one  pole  of  a 
magnet  stand  on  end,  as  it  were ;  and,  in  the  case  of  many  particles 
simultaneously  influenced  by  the  same  pole,  they  form  tufts  standing 
out  from  the  pole,  their  outer  ends  repelling  each  other,  but  all 
pointing  in  the  direction  of  the  lines  of  force  towards  some  focus 
of  opposite  magnetic  polarity.  In  conformity  with  this  law,  the 
particles  of  ore  in  contact  with  the  drum  opposite  one  of  the  poles 
of  the  magnet  stand  on  end,  forming  tufts,  spreading  away  from 
each  other  at  their  outer  ends.  As  they  are  drawn  along,  however, 
bv  friction  against  the  moving  drum,  when  they  get  to  a  point  mid- 
way between  two  jwles  they  lie  down  Hat  against  the  surface  of  the 
drum,  and,  as  they  are  drawn  still  further  along,  they  again  stand 
on  end — but  this  time  the  other  end  out.  So,  in  passing  through 
the  magnetic  field,  they  are  tumbled  end  over  end  as  many  times  as 
there  are  poles  in  the  field.  The  result  is,  that  every  time  they  are 
reversed  in  position  opportunity  is  afforded  for  any  non-magnetic 
particles  of  gangue,  which  may  have  been  entangled  with  the  ore, 
to  fall  away  Irom  the  tufts  of  magnetite;  and  this  result  is  still 
further  facilitated  by  the  centrifugal  tendency  and  by  the  counter- 
current  of  air. 

When  the  ore  reaches  the  limit  of  the  arccovere^l  by  the  magnetic 
field  it  is  no  longer  attracted,  and  takes  on  a  tangential  movement, 
which  carries  it  away  from  the  drum.  It  has  now,  however,  j)assed 
(lie  edge  of  the  second  apron,  and,  on  leaving  the  first  drum,  comes 
within  the  influence  of  the  magnet  of  the  second  drum,  where  similar 
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operations  are  repeated,  a  portion  being  finally  discharged  as  con- 
centrate at  c.  The  function  of  the  second  drum  and  magnet  is 
to  differentiate  the  product  from  the  first  drum  into  two  portions, 
which  may  be  conveniently  designated  as  middlings,  discharged  at 
m,  and  concentrate,  discharged  at  c.  The  middlings  consist  of  par- 
ticles of  ore  with  adhering  portions  of  gangue,  which  may  require 
a  little  finer  crushing  to  effect  their  mechanical  liberation  ;  or,  they 
may  consist  in  part  of  iron  compounds  having  a  smaller  degree  of 
magnetic  susceptibility  than  the  pure  magnetite.  The  separation  of 
the  middlings  from  the  mass  delivered  to  the  second  drum  may  be 
effected  in  two  ways  :  If  the  drums  have  the  same  speed  of  rotation, 
a  weaker  magnetism  in  the  second  magnet  will  allow  these  less 
magnetic  particles  to  drop  away ;  or,  if  the  magnets  have  approxi- 
mately the  same  force  in  the  two  drums,  a  higher  speed  of  rotation 
of  the  second  drum  will  throw  these  particles  off  by  reason  of  the 
centrifugal  force  overpowering  the  centripetal  magnetic  attraction, 
the  magnet  having  the  smallest  influence  upon  the  leaner  portions 
of  the  mass. 

Modifications  of  this  apparatus  have  been  designed,  which  adapt 
it  for  use  in  conjunction  with  a  stream  of  water  mingled  with  the 
ore,  so  constituting  a  wet  process. 

In  designing  this  apparatus,  it  has  been  assumed  that,  in  order  to 
separate  effectively  a  mass  of  commingled  ore  and  gangue,  contain- 
ing a  large  percentage  of  fine  dust,  positive  and  contending  forces 
must  necessarily  be  brought  into  active  play. 

The  importance  and  special  efficiency  of  the  means  provided  for 
suppressing  the  movement  and  discharge,  along  with  the  ore,  of  the 
finer  particles  of  gangue,  and  of  the  means  for  differentiating  the 
product  into  several  portions  graded  according  to  the  percentage  of 
iron  in  each  portion,  and  its  magnetic  susceptibility,  should  not  be 
overlooked.  It  is  upon  the  application  of  these  means  that  the 
ability  depends  to  perform  the  critical  operation  of  converting  non- 
Bessemer  into  Bessemer  ores  by  the  elimination  of  phosphorus-, 
sulphur-,  and  titanium-bearing  compounds. 

In  the  concentration  of  ores  by  the  dry  process  the  control  of 
the  dust  developed  in  the  rapid  movement  of  large  quantities  of  ore, 
is  generally  difficult.  When  the  ore  reaches  this  machine,  the  finer 
portions  of  the  material  are  as  readily  and  perfectly  dealt  with  and 
separated  as  the  coarser,  the  concentrates,  however  finely  pulverized, 
being  delivered  from  the  machine  in  an  absolutely  clean  condition, 
and  free  from  non-magnetic  dust  and  the  dust  carried  away  by  the 
air-current  being  also  as  wholly  free  from  any  magnetic  material. 
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The  peculiar  action  of  the  ore  in  passing  through  the  complex  or 
multipolar  magnetic  field  has  already  been  described.  Upon  the 
mode  of  arrangement  of  the  poles  the  efficiency  of  tiie  apparatus 
laro-ely  depends.  In  this  machine  the  magnetism  of  the  field  of 
attraction  performs  a  two-fold  function,  viz.,  to  attract  the  magnet- 
izable ma'^ter  of  the  ore  and,  as  it  is  moved  through  the  machine  by 
friction  upon  the  revolving  drum,  to  turn  it  over  and  over  so  as  to 
allow  the  gangue  to  fall  away,  and  also  to  permit  the  air-current  to 
take  eifect  on  all  sides  of  every  particle  of  the  ore. 

If  the  importance  of  this  operation  is  once  recognized,  it  will  be 
readily  understood  that  there  can  be  only  one  possible  efficient  ar- 
rangement of  the  poles,  and  that  it  is  not  a  matter  of  indifference 
whether  they  conform  to  to  this  or  some  other  plan. 

The  positive  character  of  the  functions  above  enumerated  renders 
it  possible  to  make  an  effective  separation  under  the  conditions  of  a 
very  heavy  supply  of  ore  to  the  machine.  The  easy  working- 
capacity  of  a  machine  having  drums  of  24  inches  diameter  and  24 
inches  working-face  is  from  15  to  20  tons  per  hour  of  ore  granu- 
lated to  pass  16-  to  20-mesh  screens. 

The  power  required  is  from  1  to  1 1  horse-power  in  electricity  for 
each  drum,  and  ^  to  |  horse-power  to  drive  the  machine. 

These  machines  have  been  applied  to  the  treatment  of  a  consid- 
erable number  of  ores  with  results  shown  in  the  appended  tables. 
The  most  remarkable  of  these  was  the  conversion  of  Port  Henry 
Old  Bed  ore  into  a  Bessemer  ore,  carrying  Fe,  71.10 ;  P,  0.037.  This 
concentration  was  made  from  the  crude  ore,  carrying  Fe,  58.7 ;  P, 
2.25 ;  the  Bessemer  concentrate  representing  about  65  per  cent,  of 
the  original  mass. 

An  earlier  type  of  this  machine  was  in  use  during  nearly  the  whole 
of  the  year  1889,  at  Benson  Mines,  St.  Lawrence  county,  N.  Y., 
concentrating  the  lean  magnetite  mined  there,  which  in  the  crude 
ore  carries  about  40  per  cent.  Fe,  and  is  above  the  Bessemer  limit 
in  both  phosphorus  and  sulphur.  The  concentrated  product  found 
a  market  at  Pitt^^burgh,  Pa.  The  analy.ses  in  Table  A  show  the 
general  character  of  the  results;  those  in  Table  B,  the  results  ob- 
tained there  with  the  improved  machines  of  the  later  type;  and  the 
analyses  in  Table  C,  the  results  of  latest  concentrations. 

The  new  works  at  this  mine  (a  detailed  description  of  which  it  is 
hoped  may  be  offered  at  a  future  meeting)  are  provided  with  crush- 
ing-machinery having  sufficient  capacity  to  crush  daily  800  to  1000 
tons  of  ore,  sized  to  16-mcsh  and  finer,  and  the  separation  of  this 
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quantity  of  ore  is  to  be  eflTeoted  at  tlie  outset  witli  three  separators 
of  the  type  represented  in  Fig.  1 ,  having  a  working-faee  on  the  drums 
of  24  inches. 

In  the  minds  of  some  persons  who  have  been  studying  the  general 
subject  of  ore-concentration,  and  employing  the  apparatus  hitherto 
available,  inability  to  convert  some  of  the  well-known  ores  high  in 
phosphorus  and  sulphur,  such  as  Port  Henry  Old  Bed,  Little  River, 
Croton,  etc.,  from  non-Bessemer  into  Bessemer  ores,  has  led  to  the 
inference  that  some  as  yet  undiscovered  refinement  of  preparation 
was  essential  to  their  successful  treatment.  The  entirely  successful  and 
economical  management  of  these  ores  with  this  machine  has  proved 
that  the  essential  matter  in  the  problem  was  to  provide  a  separator 
that  would  separate  ore  that  had  been  properly  prepared.  The 
preparation  of  any  particular  ore  being  wholly  dependent  upon  its 
physical  and  chemical  characteristics,  its  final  separation  would 
depend  upon  the  efficiency  of  the  separator,  which  would  constitute 
the  last  and  supporting  link  in  the  chain  of  operations.  It  is  be- 
lieved that  this  machine  offers  a  practical  solution  of  the  problem 
of  concentrating  magnetic  ore  such  as  has  not  been  hitherto  pro- 
vided. 

Table  A. 

Analyses  from  Tests  with  the  Ba I/- Norton  Electro-3fognetle  Separator, 

Earlier  Form. 


Wine. 

Crude  Ore. 

Concentrates. 

Tailings.  . 

Fe. 

P. 

Fe. 

P. 

Fe. 

P. 

Per  ct.  of 
Original 
Weight. 

Benson  Mines,  Little  River.... 
Port  Henrv,  New  Bed 

45.48 
41.24 
40.51 

*43.02 
47.70 
58.30 
23.74 
44.56 
33.99 
31.23 
36.23 

tl9.60 
50.25 

150.81 

0.158 

0.25 

0.19 

0.19 

0.025 

2.18 

0.408 

61.40 
63.31 
63.68 
62.10 
70.40 
71.10 
64.87 
66.69 
59.58 
62.11 
66.98 
60.48 
61.12 
64.88 

0.042 

0.042 

0.045 

0.022 

0.011 

0.11 

0.084 

5.60 
5.47 
3.87 

1.25 

29.0 

4.40 
8.70 
4.13 
1.26 
10.64 
7.32 
8.12 
8.96 
7.88 
7.06 

0.061 
10.61 
0.465 

38.0 

19.3 

68.44 

44.0 

.52.0 

61.11 

59.0 

84.375 

20.0 

25.0 

"    ■    Old  Bed,  21 

f  IG-mesh 

4-mesh 

Chateaugay.  N.  Y.  \     8-niesh 

le-me.sh 

L  16-me.sh 

Tilly  Foster 

Beach  (jlen,  N  J.,  Ore 



0.042 

0.02 

0.082 

*  Average  of  eight  lot.s  shipped  from  mine.      The  crude  ore  contained  also:  SiOj,  28.31; 
S  0.856  ;  the  concentrates,  Si0«,  5.94  ;  S,  0.127. 
t  Tailings  from  Conkling  jigs. 
X  Sulphur  as  follows:  in  crude,  0.031 ;  in  concentrates,  .022  ;  in  tailings,  0.02. 
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Table  B. 
Analyses  from  Tests  with  the  Ball-Norton  Electro- Magnetic  Separator ^ 

Latest  Form. 


Mine. 


Ckude  Oke. 


Fe. 


CONCENTBATES. 


Fe. 


SiOs       S. 


0.32 
0.34 
0.27 


BensonM'nes  I  16-iiiesh  !  I  4c  40 

J.ittle  Kiver,  j  liO-mesh  f  I  ^•^° 

t20-meshj 

Chateaugay  tailings |  11 

Port  Henry,  New  Bed. ...>  47.70 

Old  Bed,  21  5b. 70,'  2.25 

Croton,  N.  Y.,  ore t42.99    0.153  69.86   0.«21     1.71  '  0.04 


68.45  0.022     4.78 

67.49  0.016  i  5.64 

68.62  0.0106    4.18 

67.81  0.013  I  5.19 
68.365  O.UOS     4.31 

70.9  0.0089    1.48 

71.1  0.087  


Tailings. 


Perct.of 
Original 
Weight. 


3.39=5 
4.33 


r.95 


89.0 
38.0 
20.0 
47.0 


\  Donohue. 

Wuth. 
Wuth. 
Wuth. 
Wuth. 


Table  C. 

Analyses  from  Latest  Concentrations  with  the  Ball-Norton  Electro- 
Magnetic  Separator,  Latest  Form. 


Mine. 

Crude  Oee. 

CONCENTBATES.        ^^S.^S^Js"" 

Analyst. 

Fe. 

P. 

S. 

1 

Fe.       p. 

S. 

SiOa      Fe. 

Fe. 

69.8 

65.76 

57.13 

13.04 

36.80 

31.88 

43.30 
15.80 

61.60 

.031 

.954 

1.482 

.097 

71.12      .015 

nq'i 

.540 
.390 
720 

Wuth. 

Wuth. 

Moore. 

Sherrerd. 

Moore. 

Riotte. 

Riotte. 
Riotte. 

Wuth. 

71.44      nx>  (son 

Orchard,  Port  Oram,  N.  J.J 

70.11 
71.60 
67.22 
64.1 

67.4 
65.1 

68.06 

068 

Trace 
.016 

Benson  Mines,  Lean  Ore... 

Tilly  Foster,  Lean  Ore 

Tilly  Foster,  Concentrate 
from   Conkling  Separa- 

.093 

2.54 
4.40 

.010 

.010 
.010 

031 

Tilly  Foster,  Tailings  from 
Conkling  Separators 

Humboldt,  Mich.,  Concen- 
trate from  Edison-Dick- 
Kon  Magnetic  tieparator. 

.046 

*  The  sulphides  and  hornblende  account  for  more  than  2  out  of  the  3.39  iron  in  these 
tailings. 

t  Sulphur  in  crude,  0.30. 

X  Dr.  Otto  Wuth,  ol  Pittsburgh,  reports  that  this  ore  contains  some  phosphate  of  iron. 
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AMALGAMATION  AT  THE  COMSTOCK  LODE,  NEVADA: 

A  BIS20BICAL  SKETCH  OF  MILLING  OPEBATIONS 

A  T  WASHOE.  AND  AN  ACCOUNT  OF  THE 

TEEATMENT  OF  TAILINGS  AT  THE 

LYON  MILL,  DAYTON. 

BY  A.  D.  HODGES,  JR.,  SAN  FRANCISCO,  GAL. 
(New  York  Meeting,  September,  1890.) 

I.  Early  Workings  of  Placers. 

In  May,  1850,  the  first  gold  from  the  Comstoekiode  was  discov- 
ered ia  the  sands  near  the  Carson  river.  It  had  been  washed  down 
by  natural  agencies,  through  Gold  Canon,  from  the  decomposed 
rock  of  the  ledge  above.  Within  a  few  weeks,  the  precious  metal 
was  traced  more  than  three  miles  in  shallow  deposits  along  the  bed 
of  the  canon,  from  the  river  to  the  Devil's  Gate — a  narrow,  rocky 
cleft,  notable  to  the  teamsters  of  a  later  day  chiefly  as  the  place 
where  "  Uncle  Jimmy  Fair"  collected  high  tolls,  and  could  not  re- 
duce the  rates,  because  *'  tliis  was  all  he  had  for  the  education  of  his 
poor  children." 

From  1850  to  1857,  a  fluctuating  band  of  miners,  whose  number 
varied  from  twenty  to  two  hundred,  washed  the  Gold  Caflon  placers 
with  rockers  and  long-toms,  making  four  to  five  dollars  a  day  each 
until  the  last-named  year,  when  the  deposits  were  in  great  measure 
exhausted.  The  chief  settlement  of  these  miners  was  at  Johntown. 
During  only  a  third  of  the  year  was  the  water-supply  sufficient  for 
their  work.  The  remainder  of  the  time  they  utilized  in  desultory 
prospecting  of  the  hills  and  in  occasional  forays  for  supplies  among 
the  Mormons  in  Carson  valley. 

In  1857,  the  Grosch  brothers  discovered  the  Comstock  lode  at 
some  point,  now  unknown,  in  Gold  Hill,  but  their  discovery  perished 
with  them.  Early  in  1858,  the  "  Pioneer  Quartz  Company,"  having 
located  several  of  the  small  surface-veins  around  Silver  City  (whose 
connection  with  the  main  lode  has  never  been  definitely  shown), 
built  an  arrastra,  and  worked  some  of  their  ore ;  but  the  returns 
were  so  small  that  they  soon  abandoned  this  business.  The  following 
winter,  James    Finney  and  his    partners   found  gold   in  place  in 
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crumbling  surface-reck  at  Gold  Hill,  located  claims  there,  and 
worked  the  auriferous  material  in  rockers  with  good  results.  Other 
claims  were  speedily  taken  up,  and  in  the  spring  of  1859  half  a 
dozen  arrastras  were  in  profitable  operation.  In  the  following  sum- 
mer arrastras  were  in  use  also  at  the  new  discoveries  in  Virginia 
City,  the  number  at  Gold  Hill  was  largely  increased,  and  a  few  were 
started  down  on  the  Carson  river. 

II.  The  Discovery  of  the  Washoe  Process. 

Up  to  this  time  the  miners  had  sought  for  gold  only,  with  no 
thoughts  of  any  other  metal  than  that  which  the  California  mines 
were  yielding.  But  the  assays  made  in  June,  1859,  by  Melville 
Atwood,  showed  that  the  Comstock  lode  was  a  rich  auriferous  silver- 
deposit,  and  the  treatment  of  silver  sulphurets  became  an  important 
question.  Samples  of  the  ores  were  sent  to  be  tested  in  the  various 
metallurgical  works  of  California,  and  some  of  these  samples  came 
into  the  possession  of  Almarin  B.  Paul,  an  able  and  energetic  mill- 
man  of  Nevada  City.  Paul  was  fully  posted  on  all  the  details  of 
gold-milling  as  practiced  in  California,  and  had  read  various  works 
on  the  metallurgy  of  silver.  It  occurred  to  him  to  treat  the  sul- 
phurets with  the  chemicals  of  the  patio  process  in  the  pans  then  used 
to  some  extent  in  the  gold-mills  ;  and  the  results  of  his  tests,  made 
in  the  autumn  of  1859,  convinced  him  that  this  treatment  could  be 
applied  with  success  to  the  Comstock  ores.  With  characteristic 
energy,  he  organized  the  Washoe  Gold  and  Silver  Mining  Company, 
No.  1,  and  on  May  25,  1860,  began  work  on  a  mill-site  near  the 
Devil's  Gate,  in  Gold  Canon.  On  June  7th,  he  ordered  his  ma- 
chinery at  the  Miners'  Foundry,  San  Francisco,  his  enthusiasm  and 
confidence  being  undisturbed  by  the  general  distrust  and  even  ridi- 
cule with  which  his  plans  had  been  received.  On  June  12th,  he 
signed  contracts  to  work  several  thousand  tons  of  ore  from  the  Gold 
Hill  claims  (at  $30  per  ton),  the  contracts  being  made  conditional  on 
the  completion  of  his  mill  within  GO  days  from  date — a  condition 
which  only  a  bold  man  would  accept  in  those  times,  when  material 
for  construction  was  so  far  away  and  transportation  was  so  difficult 
and  uncertain.  On  Augustl  1th,  just  within  the  limits  of  his  con- 
tracts, the  24  stamps  of  his  Pioneer  mill  commenced  to  drop.  Three 
hours  later,  Charles  S.  Coover  and  Dr.  E.  B.  Harris,  who  had  been 
inspired  to  rivalry  by  Paul's  example,  set  in  motion  the  machinery 
of  the  little  8-stamp  mill  which  they  had  built  near  by,  in  Gold 
Hill. 
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Paul  crushed  the  ore  dry  in  his  batteries,  and  amalgamiited  it  in 
Knox  pans,  which  were  4  feet  in  diameter  by  14  inches  deep,  and 
held  charges  of  about  300  pounds  each.  The  light  iron  rauller, 
revolving  twelve  or  thirteen  times  per  minute,  did  not  grind,  but 
served  merely  to  stir  the  j)ulp  for  the  purpose  of  effecting  a  distri- 
bution of  the  quicksilver  throughout  the  mass.  Copper  plates  were 
fastened  in  the  pans  in  order  to  hasten  the  reduction  of  the  silver.  A 
part  of  the  amalgam  adhered  to  these  plates  and  was  scraped  off  twice 
a  day.  The  rest  was  drawn  off  at  intervals  through  a  discharge-hole. 

Each  charge  was  treated  with  40  pounds  of  quicksilver,  a  pint  of 
salt  and  a  few  ounces  of  copper  filings  or  copper  sulphate.  The  pans 
were  set  on  brick  furnaces  and  heated  by  wood  fires,  and  the  water 
used  was  warmed  by  the  exhaust  from  the  engines.  At  a  later  date, 
in  place  of  the  brick  furnaces,  iron  stoves  were  used,  with  circular 
flues,  through  which  the  heat  and  smoke  were  led  beneath  the  pans. 
Then  Paul  suggested  steam-chambers  fitted  to  the  pan-bottoms,  a 
suggestion  adopted  and  perfected  by  Rowland. 

Thus  Paul  invented  the  Washoe  Process.  With  due  acknowl- 
edgment of  what  others  had  done,  to  him  should  be  given  the  credit 
of  being  the  first  to  work  out,  and  apply  successfully  on  a  large 
scale,  the  method  of  treating  silver-ores  by  pan-amalgamation. 

III.  The  Building  of  Mills. 
Paul's  first  mill-runs,  and  also  those  of  Coover  and  Harris,  gave 
satisfactory  results,  and  increased  materially  the  mining  rush  and 
excitement  which  had  now  set  in.  Claims  were  taken  up  all  over 
the  country  in  the  neighborhood  of  the  lode,  and  mill-sites  were 
located  wherever  there  was  any  available  water.  Quite  a  number 
of  mills  were  built  in  1860,  Paul's  company  (the  Washoe  Gold  and 
Silver  Mining  Company,  No.  1)  at  once  putting  up  a  large  estab- 
raent  at  Gold  Hill.  In  1861  there  were  already  seventy-six  mills 
erected  for  the  purpose  of  treating  Comstock  ore,  with  1153  stamps 
and  an  estimated  daily  crushing-capacity  of  1200  tons;  and  twenty 
more  were  planned  or  in  process  of  construction.  There  were  also 
forty  or  fifty  arrastras  and  several  patio-yards.  The  mills  lined 
Seven-Mile,  Six-Mile  and  Gold  Canons,"from  Virginia  City  to  the 
Carson  river,  and  the  Carson  river,  from  above  Empire  to  below 
Dayton ;  and  several  were  placed  more  than  a  dozen  miles  away,  at 
Ophir  and  Franktown,  on  the  borders  of  Washoe  Lake.  The  mill- 
building  mania  kept  pace  with  the  mining-excitement  which  cul- 
minated   in  1863,  and   was  followed    by  a  stock-panic   in   1864, 
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alih()ii<;Ii  the  l)iillioii-i)rofliiotion  of  the  lode  continued  to  increase. 
In  this  time  some  seven  hundred  mining  com])iinies  had  been  incor- 
j)orated  to  operate  on  the  Comstock  ;  but  of"  these  only  a  hundred 
possess(;d  prospected  mines,  and  only  fourteen  had  paid  dividends. 
The  luimber  of"  mills  built  ap})roximated  one  hundred  and  fifty,  the 
exact  fiouros  being  unobtainable,  on  account  of  the  indefinitenes 
and  variance  of  the  published  statistics.  Their  capacity  was  always 
in  advance  of  the  ore-supply.  Many  were  erected  for  mines  which 
never  produced  anything  except  litigation  and  assessments.  A  large 
number  were  hastily  and  poorly  built  and,  as  rapid  improvements 
in  machinery  and  construction  were  made,  soon  became  antiquated  ; 
but  some,  notably  the  Ophir  and  the  Gould  and  Curry,  were  erected 
in  a  most  gorgeously  expensive  manner.  The  majority  were  pecu- 
niary failures  from  the  start;  but.  in  the  more  fortunate  cases,  where  ' 
there  was  a  constant  supply  of  rich  ore,  with  charges  varying  from 
$20  to  $30  per  ton,  large  profits  were  obtained. 

The  first  published  list  of  Washoe  Mills,  with  full  details,  so  far 
as  I  know,  was  that  given  in  the  Mhiinq  and  Scientific  Press,  of 
September  29,  1866,  and  this  is  avowedly  incomplete,  it  being  stated 
that  there  were  "a  few  small  mills,  running  irregularly,  not  enum- 
erated." The  total  number  given  is  considerably  less  than  that 
contained  in  the  "  Surveyor-General's  Report,"  for  1865,  where  eighty 
mills  are  mentioned.  The  Report  of  J.  Ross  Browne,  United  States 
Commissioner  of  Mining  Statistics,  under  date  of  March  5,  1868, 
states  (pp.  324-328)  that  there  were  in  Storey,  Lyon,  Ormsby  and 
Washoe  counties,  in  1867,  122  mills,  with  1921  stamps.  The  same 
report  (pp.  3-j2-360)  gives  a  detailed  list  of  the  mills  in  the  same 
counties  which  were  crushing  ore  from  the  Comstock  Lode  in  1866. 
Here,  the  numbers  are  77  mills  and  1462  stamps.  According  to 
this  last  list,  there  were  7  mills  with  40  to  80  stamps  each,  2  mills 
with  30  stamps  each,  20  mills  with  20  to  25  stamps  each,  39  mills 
with  9  to  18  stamps  each,  6  mills  with  8  stamps  each,  3  mills 
with  5  stamps  each. 

The  seven  largest  mills  mentioned  were  the  following  : 

1.  The  Imperial  mill,  44  stamps,  at  I^ower  Gold  Hill,  built  in 
1860.  I  have  always  understood  that  this  was  the  second  mill 
erected  by  Almarin  Ji.  Paul,  who,  in  different  publications,  is  said 
to  have  put  in  48  and  64  stamps.  The  mill  came  into  the  posses- 
sion of  the  Imperial  Mining  Company,  and  ran  for  many  years. 

2.  The  Gould  and  Curry  mill,  80  stamps,  at  the  junction  of  Six- 
Mile   and  Soven-Mile  C.inous,   on   the  site  occupied    later  by  the 
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Omega  Tailings  mill,  was  built  in  1861  by  the  Gould  and  Curry 
Mining  company.  Its  costly  construction  and  brief  career  have 
been  described  frequently. 

3.  The  Ophir  reduction-works,  72  stamps,  with  furnaces,  barrels, 
patio-yards,  etc.,  erected  in  1861  at  Ophir  City,  in  Washoe  valley, 
by  the  Ophir  ]\Iining  Company,  rivalled  the  Gould  and  Curry  mill 
in  expense  of  building  and  shortness  of  existence. 

4.  The  Rock  Point  mill  was  built  in  1861  on  the  Carson  river, 
near  Dayton.  It  had  40  stamps,  which  were  increased  to  56  in  1864. 
It  belonged  to  the  Imperial  Mining  Company  and  had  a  successful 
career  until  the  building  of  the  Virginia  and  Truckee  railroad 
diverted  its  supplies  to  more  accessible  establishments. 

5.  The  Mexican  mill,  44  stamps,  on  the  Carson  river,  at  Empire 
City,  was  built  in  1862  and  was  quite  noted  in  early  days.  It  was 
owned  originally  by  private  parties  and  employed  educated  metal- 
lurgists. Here  experiments  were  made  and  processes  tried  which 
aided  essentially  in  the  development  of  silver-amalgamation  at  the 
Comstock.  In  1868  the  mill  was  bought  by  the  Yellow  Jacket 
Mining  Company.  Subsequently,  it  passed  into  the  hands  of  the 
"bonanza  firm."     It  was  running  at  last  accounts. 

6.  The  Washoe  reduction-works,  better  known  as  Dall's  mill, 
60  stamps,  were  built  in  1863  at  Franktown,  in  Washoe  valley,  by 
Captain  J.  H.  Dall,  after  the  general  model  of  the  Ophir  reduc- 
tion-works, and  ran  as  a  custom-mill.  They  were  destroyed  by  fire  in 
December,  1866,  but  rebuilt  the  next  year  and  maintained  a  precari- 
ous existence  until  June,  1871,  when  they  were  again  burned  down. 

7.  The  Morgan  mill,  afterwards  known  as  the  Yellow  Jacket,  on 
the  Carson  river,  at  Empire  City,  was  built  as  a  custom-mill,  with 
20  stamps,  by  James  Morgan,  in  1864.  It  was  sold  to  the  Yellow 
Jacket  Mining  Company  in  1865,  and  enlarged  to  40  stamps,  20  of 
which  weighed  1050  pounds  each.  In  1871  it  passed  into  the 
hands  of  the  Nevada  Mill  Company  and  worked  ores  for  this  com- 
pany until  1875,  when  it  was  purchased  by  the  Pacific  Mill  Com- 
pany, which  still  owns  and  operates  it. 

IV.  Milling  Combinations. 
A  new  era  in  the  mill-busin&ss  may  be  dated  from  the  advent, 
in  1864,  of  William  Sharon  as  agent,  in  Virginia  City,  of  the  Bank 
of  California.  Sharon  was  a  shrewd  financier  and  keen  speculator, 
was  backed  by  William  Ralston,  manager  of  the  parent  bank  in 
San  Francisco,  and    had    an  enthusiastic    faith   in    the    Comstock 
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lode.  When  he  arrived,  although  stocks  were  low  and  mi'nfn^ 
depressed,  he  unhesitatingly  loaned  money  to  mining  companies 
and  mill-owners  at  much  lower  rates  than  had  previously  pre- 
vailed. The  rate  of  interest  had  been  from  3  to  5  per  cent,  per 
month.  Sharon  asked  2  per  cent.,  and  soon  had  put  out  large 
suras  at  this  figure. 

Worked-out  mines  and  idle  mills  being  worse  than  valueless 
as  securities,  and  no  new  bonanzas  coming  to  light,  while  assess- 
ments continued  frequent,  the  bank  seemed  l>efore  long  to  be  on 
the  point  of  sustaining  heavy  losses,  and  many  of  its  stockholdei-s 
became  frightened.  But  Sharon  possessed  the  confidence  of  those 
holding  the  larg^est  interests  in  the  bank,  and  with  their  aid  con- 
tinued to  carry  out  the  plans  he  had  formed.  He  and  his  friends, 
known  popularly  as  the  "Bank  Ring,"  secured  control  of  the 
principal  mines,  buying  the  shares  at  low  figures,  and  by  able 
stock-manipulation  not  only  guarded  against  loss,  but  made  very 
large  profits.  The  next  step  was  to  acquire  mills  and  form  a 
milling  company  under  the  corporate  name  of  the  Union  Mining 
and  Milling  Company.  The  mills  were  obtained,  first  by  fore- 
closing mortgages  and  then  by  a  sort  of  "  freezing-out  "  process. 
The  number  of  these  establishments  in  Washoe  had  been  steadily 
decreasing  since  1863,  but  the  capacity  of  those  standing  had  been 
enlarged,  so  that  competition  was  sharp  and  milling-charges  were 
falling.  In  1865,  when  the  effects  of  Sharon's  plans  commenced 
to  be  felt  (and  these  plans  included  a  business-like  working  of 
the  mines),  the  price  of  crushing  fell  from  $25  and  $22  per  ton 
to  $17  and  $18.  This  year,  according  to  the  statements  of  Samuel 
Bowles,  in  the  Springfield  Republican,  there  were  77  quartz-mills, 
with  1019  stamps,  working  Comstock  ore,  capable  of  crushing  daily 
about  1850  tons,  but  running  at  only  two-thirds  capacity.  Of  these 
mills,  22  were  connected  with  mines  and  55  were  doing  custom- work. 
The  troubles  of  the  custom-mills  were  soon  greatly  increased  by  the 
refusal  of  the  mines  controlled  by  Sharon  and  his  associates  to  give 
them  ores  at  any  price;  and  thus  many  mill-owners  were  obliged  to 
sell  their  properties  to  the  Union  Mill  Company  (or  to  join  it)  on 
such  terms  as  this  company  would  allow.  The  Union  Mining  and 
Milling  Company  was  formally  incorporated  in  1867,  after  7  mills 
had  been  taken  by  foreclosure  by  the  Bank.  These  7  mills  were  at 
once  transferred  to  the  new  company,  whereupon  the  price  of 
milling  asked  by  outsiders  fell  to  $15,  and  then  to  $10  per  ton. 
Within  a  couple  of  years  more  the  company  had  acquired  "  upwaixls 
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of  30  mills"  (ilfm.  mid  Sol.  Press,  August  24,  1869),  and  for  a 
time  had  almost  a  monopoly  of  the  milling  business  at  the  Com- 
stock.  Possessing  ample  capital  and  doing  a  profitable  business,  it 
made  many  improvements  in  the  construction  of  mills,  and  in  1871, 
built  the  largest  and  best  establishment  of  the  kind  in  Washoe,* — 
the  Eureka  mill,  on  the  Carson  river,  with  60  stamps  of  940  pounds 
each,  and  24  improved  pans.  The  motive  power  was  furnished  by 
a  52-inch  Leffel  turbine  placed  with  its  shaft  horizontal, — the  first 
time,  it  was  said,  this  had  ever  been  done. 

Sharon  aimed  at  complete  sovereignty  over  the  Comstock,  but  the 
kingdom  was  too  large  and  the  fortunes  of  the  various  mines  were  too 
fluctuating  for  him  to  be  able  to  hold  everything  against  his  rivals.  Not 
being  a  miner,  he  had  to  depend  on  others  for  information  concerning 
the  interior  conditions  of  the  mines,  and  could  not  always  be  sure  of 
the  correctness  of  the  information  thus  derived.  He  openly  accused 
Jones  of  deceiving  him  in  1871,  concerning  the  Crown  Point  mine, 
and  a  bitter  controversy  ensued.  He  also  had  a  public  discussion 
with  John  Mackey  as  to  whether  this  gentleman  had  not  induced 
one  of  Sharon's  experts  to  give  deceptive  reports,  and  is  said  to  have 
declared  that  he  would  "  have  John  packing  his  dinner-pail  yet"' — 
a  prophecy  unfulfilled  at  last  accounts. 

The  first  formidable  competitor  to  come  into  general  notice  was 
the  Nevada  Mill  Company,  formed  by  Alvinza  Hayward,  of  San 
Francisco,  and  John  P.  Jones,  of  Gold  Hill,  who,  in  1871,  wrested 
from  Sharon  the  control  of  the  Crown  Point  mine  and  diverted  large 
supplies  of  rich  ores  to  the  mills  which  they  acquired.  This  mill- 
company  controlled  by  purchase  and  lease  as  many  as  15  mills  at 
one  period.  Among  these,  the  most  noted  were  the  Morgan,  the 
Mexican,  and  the  Brunswick.  The  original  Brunswick  mill,  built  in 
1863,  was  an  8-stamp  establishment.  Passing  into  Sharon's  hands, 
it  was  rebuilt  and  improved.  As  remodelled  in  1871  by  the  Nevada 
Mill  Company,  it  had  56  stamps  of  850  pounds,  26  Horn  pans  with 
settlers,  etc.,  and  vied  with  the  Eureka  mill  in  excellence  of  con- 
struction.    Its  last  runs  were  for  account  of  the  bonanza  firm. 

Jones  and  Hayward  did  not  secure  many  Comstock  mines.  When 
the  Crown  Point  bonanza  was  exhausted,  their  controlling  influence 
was  diverted  to  other  districts,  and  their  most  important  mills  were 
taken  over  by  the  next  company  to  be  named. 

*  The  old  Gould  and  Curry  mill  had  80  stamps,  the  Ophir  reduction-works  had 
72,  and  Ball's  mill  had  60;  but  none  of  these  were  so  well  equipped  or  had  the 
capacity  of  the  Eureka,  and  the  first  two  had  been  destroyed  at  this  date. 
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In  1869,  James  G.  Fair  and  John  W.  Mackey,  of  Virginia  City, 
had  secured  control  of  the  Hale  and  Norcross  mine,  then  in  bonanza, 
and  associated  themselves  with  James  C.  Flood  and  William  O'Brien, 
of  San  Francisco.  These  associates  formed  the  Pacific  Mill  Com- 
pany, and  purchased  several  mills.  They  next  gained  possession  of 
the  Savage  and  the  Bullion  mines;  but  they  obtained  no  ore  from 
the  latter,  and  only  low-grade  material  from  the  former;  and  before 
long  the  Hale  and  Norcross  ore-body  was  exhausted.  While  in 
search  of  new  properties,  in  1871,  they  acquired  the  Virginia  Con- 
solidated (afterwards  divided  into  the  California  and  the  Consolidated 
Virginia  mines),  where  the  Big  Bonanza  was  developed  in  1873. 
The  history  of  the  Bonanza  Firm  is  well  known.  The  Pacific  Mill 
Company  built  the  famous  Consolidated  Virginia  and  California 
mills,  the  most  noted  quartz  mills  in  the  world,  and  acquired  a  su- 
premacy surpassing  that  of  the  Union  Mining  and  Milling  Company. 

V.  Various  Amalgamation  Processes  Tried, 
Paul's  results  in  1860  were  accepted  by  the  great  majority  of 
miners  as  fully  proving  the  sufficiency  of  his  process.  But  the  largest 
companies,  the  Ophir  and  the  Gould  and  Curry,  with  exaggerated 
ideas  of  the  richness  of  their  ores,  and  under  the  influence  of  con- 
servative ideas,  preferred  to  adopt  methods  which  had  the  advantage 
of  greater  age. 

In  1860,  the  Maldonado  Brothers,  who  were  Mexicans,  put  up 
extensive  yards  in  Virginia  City  to  work  the  ores  of  the  Mexican 
mine  by  the  patio  process.  Their  example  was  followed  by  a  few 
others,  among  them  the  Ophir  company,  which  tried  this  method  at 
its  large  establishment  at  Washoe  valley.  The  patio  process  is  slow, 
imperfect,  and  expensive.  Brought  into  competition  at  the  Com- 
stock  with  other  methods,  it  proved  a  failure,  and  was  soon  aban- 
doned. 

The  "  Freiberg  process,"  as  it  was  commonly  called — chloridiz- 
ing-roasting,  and  amalgamation  in  barrels — was  adoj)ted  at  the 
Ophir  works  and  at  Capt.  Dall's  mill,  both  in  Washoe  valley,  at 
the  Mexican  mill  in  Empire,  and  at  the  Central  mill  in  A^irginia 
City.  Kiistel  &  Co.,  and  Sutro  &  Co.,  in  their  Dayton  mills,  roasted 
their  ores,  and  then  amalgamated  in  pans.  Roasting  was  very  ex- 
pensive at  the  Comstock.  Partly  on  account  of  the  cost,  and  partly 
from  the  desire  to  get  bullion-returns  as  speedily  as  possible,  the 
Freiberg  process  was  given  up.  Dall  alone  retained  it  to  the  end  ; 
but  his  mill  received  only  the  richest  grades  of  ores,  which  could 


AMALGAMATION    AT   THE   COMSTOCK    LODE.  203 

afford  to  pay  high  transportation-rates  and  a  milling-charge  of  $45 
per  ton  ;  and  these  ores  became  very  rare. 

The  Gould  and  Curry  mill  adopted  the  Veatch  process,  which  was 
about  the  same  as  the  last,  except  that  steam-tubs  were  substituted  for 
barrels.  The  Central  mill  used  this  process  in  the  beginning.  In 
neither  mill  was  the  method  a  financial  success.  The  Gould  and 
Curry  mill  changed  to  pan-amalgamation,  and  the  Central  made 
trial  of  the  Freiberg  process. 

About  1866,  a  smelting-furnace  was  built  near  Galena,  in  Washoe 
valley,  and  run  fitfully  for  a  year  or  two. 

Electrical  and  other  methods,  most  of  them  fearfully  and  wonder- 
fully conceived,  have  had  brief  trials  at  the  Comstock.  But  all 
yielded  to  the  Washoe  process,  which,  working  rapidly  and  neatly, 
and  being  so  well  adapted  to  local  conditions,  soon  was  in  universal 
use  at  the  lode. 

VI.  Mechanical  Impkovements. 

Paul's  Pioneer  mill,  so  hastily  planned  and  built,  was  naturally 
very  imperfect.  In  the  structures  which  followed  it,  great  mechanical 
improvements  were  rapidly  and  continuously  made.  The  stamp, 
Avhich  early  in  the  '60's  crushed  only  1  ton  per  day,  iu  1878  was 
crushing  4  tons  daily  through  No.  5  slotted  screen.  In  his  second 
mill,  Paul  used  the  Howland  rotary  battery ;  but  this  contrivance 
found  only  very  limited  acceptance  at  the  Comstock.  Steam-stamps 
were  tried  once  at  Silver  City,  but  were  adjudged  a  failure  after  a  very 
short  run.  The  ultimate  Comstock  verdict  has  been  in  favor  of 
850-  to  900-pound  stamps,  dropping  about  100  times  a  minute,  crush- 
ing wet  through  a  slotted  Russia-iron  screen  and  working  on  a  very 
solid  foundation.     The  latest  mills  have  mortar-blocks  16  feet  long. 

The  pan  received  more  attention  than  any  other  part  of  the  mill, 
and  numberless  patterns  were  invented  and  tested.  It  received  a 
variety  of  dimensions  and  proportions,  was  used  to  do  all  the  crush- 
ing, none  of  the  crushing,  only  a  part  of  the  crushing;  was  em- 
ployed to  effect  the  complete  process  of  amalgamation,  or  was  sup- 
plemented with  settlers,  agitators,  concentrators,  etc.  It  had  flat 
bottoms,  and  curved  bottoms;  and  the  wings,  mullers,  shoes,  and 
dies,  in  short  all  its  component  parts,  were-  varied  in  shape,  in 
accordance  with  mathematical  theories  or  personal  idiosyncrasies. 
To  describe  each  style  of  pan  made  and  tried  in  practical  work 
would  demand  large  space.  Some  idea  may  be  obtained  of  the 
diversity  of  opinion  among  mill-men  concerning  the  construction 
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and  proper  work  of  the  pan  from  the  following  list  of  the  amalga- 
mating apparatus  in  use  at  the  Corastock  in  1866  : 

In  the  62  mills,  described  in  the  Mining  and  Scientific  Press  of 
September  29,  1866,  there  were  (besides  25  roasting-furnaces  and  61 
barrels)  10  rock-breakers,  1280  stamps,  1032  pans  and  tubs,  227 
settlers,  44  agitators  and  2  concentrators. 

The  1032  pans  and  tubs  were  thus  classified  :  83  tubs,  13  grind- 
ing pans,  337  Knox  pans,  226  Wheeler  pans,  188  Hepburn  pans, 
Q6  Varney  pans,  24  Wakelee  pans,  56  "  plain  "  pans  and  39  pans 
not  specified. 

According  to  the  best  Corastock  practice  of  the  present  day,  the 
mills  are  given  full  stamp-capacity,  and  only  a  comparatively  small 
amount  of  grinding  is  done  in  the  pans.  The  pan-construction  is 
solid  and  simple.  The  bottom  is  flat  and  the  muller  is  plain,  with 
ample  spaces  between  it  and  the  .pan-sides  and  pan-cone  to  allow  free 
circulation  of  the  pulp.  The  wings  are  shaped  like  inverted  plough- 
shares, and  the  angle  of  draft  for  the  shoes  and  dies  has  been  de- 
termined with  more  or  less  exactness  for  the  usual  speed,  but  varia- 
tions within  moderate  limits  are  allowed.  The  usual  pan-diameter 
is  5  feet,  and  the  usual  pan-charge  is  about  IJ  tons  of  ore.  The 
gearing  underneath  is  plain  and  open.  The  shaft  is  often  made 
with  a  downward  taper  for  ease  in  babbiting,  and  the  bearing  is  at 
least  18  inches  long.  The  pulp  is  generally  quite  thick,  and  the 
muller-speed  rapid — 90  revolutions  per  minute  for  a  5-foot  pan. 
The  settlers  have  preferai)ly  inclined  bottoms,  are  about  8  feet  in 
diameter  and  make  15  revolutions  per  minute.  A  couple  of  agita- 
tors are  used  in  each  mill,  but  with  fine  grinding  and  careful  run- 
ning of  the  settlers,  they  are  not  absolutely  necessary.  It  is  advisable, 
however,  to  have  them. 

YII.  Deficiency  of  Metallurgical  Knowledge. 

While  with  much  ingenuity  and  thought  the  mechanical  details 
of  the  Corastock  mills  were  elaborated  and  brought  to  a  high  degree 
of  perfecti-on,  the  chemistry  of  the  Washoe  process  received  inade- 
quate attention.  The  list  of  educated  metallurgists  who  have  been 
employed  at  the  lode,  is  exceedingly  small.  Of  those  who  have  held 
important  positions,  I  can  now  recall  only  three  :  Louis  Janin,  Guide 
Kustel  and  Melville  Atwood.  Kiistel  and  Atwood  left  Washoe 
about  the  time  of  the  practical  abandonment  of  the  "  Freiberg  pr<t- 
cess/'  Kiistel's  influence  there  being  afterwards  limited  to  whatever 
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may  have  resulted  from  his  writings.  Janin  remained  for  years, and 
his  work  (with  the  assistance  of  his  brothers)  produced  important 
effects. 

In  exj)lanation  of  the  scarcity  of  metallurgical  talent,  it  may  be 
well  to  recall  certain  customs  and  conditions  which  have  prevailed. 

Mining  operations  at  the  Comstock  have  always  been  conducted 
simply  as  a  basis  for  stock  speculations.  The  mass  of  the  share- 
holders never  inquired  into  the  details  of  the  mining-work.  As  to 
milling,  it  is  a  question  if  the  majority  ever  gave  a  serious  thought 
to  it.  They  knew,  in  an  indefinite  sort  of  way,  that  it  was  a  profit- 
able business  which  was  a  perquisite  of  the  management.  They  felt 
powerless  to  get  this  plum  away  from  the  mill  companies,  and  "  let 
the  matter  slide  "  as  something  too  small  for  them  to  bother  with. 
With  stock  liable  to  jump  up  hundreds  of  dollars  per  share,  they 
cared  little  about  mill-profits  of  only  a  few  dollars  per  ton.  The 
business  of  the  mills,  they  considered,  whenever  they  thought  any- 
thing about  it,  was  to  rush  through  as  much  material  as  possible  in 
order  to  pile  up  dividends  and  bull  the  stock  market.  The  aver- 
se stockholder  never  intended  to  hold  his  stocks  long.  He  bought 
with  the  expectation  of  realizing  a  fortune  by  selling  out  in  a  month 
or  so.  All  this  made  matters  comparatively  easy  for  the  mill 
companies,  which  were  close  corporations  and  never  sold  a  share  of 
their  stock  to  the  general  public.  The  mill,  within  certain  limits, 
could  make  any  terms  it  pleased  with  the  mine,  when  the  mill-owners 
formed  the  mine-directory. 

The  mills  were  popularly  supposed  to  guarantee  a  yield  of  65  per 
cent,  of  the  precious  metal,  but  the  precise  form  of  guarantee  has 
never  been  made  public.  Exactly  what  percentage  they  extracted, 
has  never  been  discovered.  No  one  ever  knew  it,  neither  the  super- 
intendent of  the  mill,  nor  the  manager  of  the  mine,  nor  any  other 
person.  Figures  have  been  given,  but  these  were  merely  approxi- 
mations at  the  best.*  There  never  was  time  enough  to  sample 
carefully  and  a^say  properly  the  mine-products.  Such  a  procedure, 
moreover,  if  accepted  as  a  rule,  would  have  interfered  materially 
with  stock  manipulations. 

After  Sharon's  system  had  been  adopted,  none  of  the  mills,  and 
only  a  few  of  the  mines,  had  an  assay-office.     It  grew  to  be  a  custom 


*  At  least  one  mill  has  extracted  114  per  cent,  of  the  gold  contained  in  the  ore. 
See  "  Keport  of  the  United  States  Commissioner  of  Mining  Statistics  "  (dated  No- 
vember 24,  1866),  p.  80.  Other  similar  instances  were  not  unknown,  but  were  not 
usually  put  into  print. 
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that  there  should  be  a  single  assay-establishment  for  all  the  mines 
and  mills  controlled  by  each  "ring."  Great  pains  were  taken  to 
conceal,  from  all  except  tlie  favored  few,  the  results  of  such  assays 
as  were  made.  It  is  a  well-known  fact  that,  in  the  earlier  years, 
worthless  material  was  often  mined  and  milled.  This  must  have 
been  done  to  a  very  large  extent;  for  the  tailings  of  many  mills  where 
part  of  the  ore  worked  was  certainly  rich,  were  found  afterwards  to 
average  only  a  couple  of  dollars  per  ton. 

A  peculiar  custom  which  existed  at  Washoe  may  be  mentioned 
here,  although  it  does  not  bear  directly  on  the  subject  under  con- 
sideration :  Reclamations  on  bullion  which  had  been  melted  and 
assayed  in  a  custom-assay  office  were  paid  by  the  assayer.  It  may 
be  necessary  to  explain  that  the  bulk  of  the  bullion-product  was 
purchased  by  a  few  parties  who  paid  in  full  (to  responsible  persons) 
on  delivery  of  the  bullion.  The  bars  were  stamped  with  their  assay- 
values  (i.e.,  the  silver  reckoned  at  $1.29  and  the  gold  at  $20.67  per 
fine  ounce),  and  were  sold  at  a  discount  therefrojji  (calculated  in  per 
cent.),  which  was  made  to  cover  charges,  depreciation  in  price  of 
silver,  etc.  If,  for  example,  a  bar  was  stamped  with  a  value  of  $20,000, 
and  sold  on  this  basis,  and  the  purchaser  subsequently  decided 
the  true  assay- value  to  be  only  $19,500,  he  made  a  "  reclamation  " 
of  (about)  $500,  which  was  paid,  not  by  the  seller,  but  by  the  as- 
sayer. The  custom-assayer,  therefore,  was  careful  not  to  over-stamp 
a  bar.  This  system  had  its  value  for  the  buyer,  but  by  what  process 
of  reasoning  the  bullion-producer  could  find  in  it  any  advantage  to 
himself,  it  is  difficult  to  understand. 

The  system  of  mill-returns  has  been  much  criticized  of  late  years. 
To  show  how  it  originated,  a  brief  account  of  the  usual  mill-process 
is  necessary. 

The  ore  is  raised  from  the  mine  in  cars,  the  weight  of  whose 
contents  is  known  with  more  or  less  exactness,  and  transported  to  the 
mill.  Here,  after  the  larger  pieces  have  been  reduced  to  a  suitable 
size  by  rock- breakers,  it  is  crushed  with  water  under  stamps.  The 
stamped  material  is  run  into  a  series  of  tanks  inside  the  mill,  and 
settled,  the  number  of  tanks  varying  with  the  size  of  the  mill.  The 
finest  and  most  clayey  particles  of  ore,  called  '•slimes,"  are  carried 
by  the  current  through  the  tanks,  where  only  a  part  is  caught,  while 
a  considerable  amount,  in  proportions  dependent  on  the  character 
of  the  ore,  the  fineness  of  crushing,  and  the  settling  capacity  of  the 
mill,  escapes  in  suspension  in  the  water  to  the  outside  of  the  building. 
The  coarser  and   heavier  material,  which  collects  in  the  tanks,  and 
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is  usually  called  "  saud,"  is  removed  to  the  pan-floor,  where,  in  the 
best-conducted  establishments,  it  is  sampled  for  assay.  It  is  then 
amalgamated  in  the  pans,  whence  it  is  discharged  into  settlers,  where 
the  pulp  is  thinned  with  additional  water,  and  the  amalgam  and 
quicksilver  are  separated  out  and  caught.  The  earthy  residues, 
now  known  as  "  tailings,"^  after  passing  through  agitators  for  the  col- 
lection of  any  amalgam  and  quicksilver  which  may  have  escaped  from 
the  settlers,  are  washed  through  sluices  to  the  outside  of  the  mill. 

The' mills, work  the  ore  at  a  given  charge  per  ton  crushed,  and 
return  the  bullion  which  is  extracted. 

In  former  years,  the  mill-man  was  unable  to  work  the  "slimes" 
and  "  tailings"  at  a  profit,  and  they  were  allowed  to  go  to  waste. 
Hence,  as  a  matter  of  fact,  the  mine  received  only  the  bullion  ob- 
tained from  the  *'  sand."  When,  at  a  later  period,  it  was  found 
profitable  to  re-work  the  tailings,  and  still  later  to  work  the  slimes, 
— a  matter  of  gradual  development, — no  change  was  made  in  the 
system  of  returns.  The  mine  was  still  credited  only  with  the  results 
of  treating  the  sand  ;  the  slimes  and  tailings  were  considered  the 
perquisite  of  the  mill.  In  other  words,  that  which  was  caught  in- 
side the  building  belonged  to  the  mine,  whatever  was  caught  outside 
belonged  to  the  mill. 

Under  such  conditions  as  those  above  mentioned, — mining  con- 
ducted simply  as  a  gamble;  the  great  mass  of  the  stockholders  (anxious 
to  realize  sudden  fortunes)  demanding  that  every  effort  should  be 
made  to  increase  production  without  regard  to  cost,  and  caring  little 
how  much  metal  was  wasted  by  rapid  treatment,  if  only  dividends 
could  be  increased  temporarily;  with  no  exact  knowledge  of  the 
amounts  of  gold  and  and  silver  in  the  ores;  and  with  mills  receiving 
a  fixed  rate  per  ton  whether  the  material  was  rich  or  poor,  and  sure 
of  supplies  whatever  the  yield  might  be, — under  such  conditions,  it 
naturally  came  to  pass  that  the  main  object  of  the  mill-man  was  to 
work  the  ore  as  rapidly  and  cheaply  as  possible,  and  that  close 
amalgamation  was  secondary  in  importance.  Hence  it  was,  that, 
while  all  the  machinery  was  improved  and  brought  to  a  high  state 
of  efficiency,  the  chemistry  of  the  process  received  comparatively 
little  attention. 


*  ]Store  exactly,  "p;in-tailings."  The  . shorter  term,  "  tailings,"  is  often  used  as 
including  slimes,  pan-tailings,  and  concentrates,  all  the  ore-residues,  in  brief,  pass- 
ing outside  of  the  mill,  as  in  the  word  "  tailings-mill.'"  It  is  used,  almost  of 
necessity,  with  both  significations  in  this  article;  but  the  exact  meaning  in  each 
case  can  be  understood  from  the  conleit. 
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The  Gold  Hill  surface-ores  first  worked  by  Paul  contained  more 
gold  than  silver.  Much  of  the  gold  was  free,  and  much  of  the  silver 
was  apparently  in  the  state  of  a  simple  sulphide,  which  is  reducible 
by  quicksilver  alone,  the  action  being  hastened  by  contact  with  iron 
under  the  favorable  conditions  existing  in  the  pans.  It  is  very  pos- 
sible that  Paul  might  have  obtained  as  good  results  without  his 
chemicals  as  he  did  with  them.  However  this  may  be,  certain 
mill-men  found  that  they  could  get  a  high  yield  without  any  chemi- 
cals (as  happened  to  Kiistel  when  treating  the  Ophir  surface-ores), 
and  others  were  unable  to  extract  a  satisfactory  percentage  either 
with  or  without  them.  There  has  always  been  a  popular  impression 
that  all  the  ores  from  the  lode  have  substantially  the  same  chemical 
composition.  Concerning  the  constitution  of  these  ores  we  know 
surprisingly  little.  A  few  analyses  have  been  published,  but  these 
have  been  of  specimens  rather  than  samples.  We  do  know,  however, 
from  milling-experience,  that  important  differences  exist  between 
the  materials  extracted  from  different  spots  on  this  huge  vein,  which 
has  been  opened  for  a  length  of  four  miles,  and  to  sen  extreme  depth 
of  about  two-thirds  of  a  mile. 

The  early  mill-men,  deficient  in  metallurgical  knowledge,  and 
ignorant  of  what  sort  of  material  they  were  treating,  worked  on 
blindly,  as  best  they  could.  When  they  fell  into  difficulties,  a  host 
of  process-vendors  sprang  up  to  confuse  them.  All  sorts  of  sub- 
stances were  tried,  nearly  all  of  them  of  no  possible  virtue,  and  all 
tested  by  most  unsatisfactory  methods.  As  the  quacks  pretended 
to  be  scientific  men,  science  soon  fell  into  disrepute  among  the 
workers,  who  were  unable  to  distinguish  between  the  genuine  and 
the  false  article;  and  the  "practical"  men,after  the  failure  of  number- 
less "processes,"  settled  down  to  the  results  of  their  individual  experi- 
ences. Bluestone  and  salt,  either  separately  or  jointly,  always  had  their 
adherents,  although,  for  many  years,  they  were  used  in  such  homoeo- 
paihic  doses  (in  order  not  to  "  base"  *  the  bullion,  against  which  there 
was  a  strong  prejudice)  that  no  appreciable  effect  could  be  produced. 
But  the  amalgamator  who  happened  to  make  a  good  run  when  using 
one  of  these  reagents,  was  apt  to  remain  thereafter  a  sturdy  believer 
in  the  merits  of  the  particular  chemical  employed.  As  each  mill- 
man  backed  his  belief  with  statements  of  percentages  extracted — 
or  supposed  to  be  extracted — there  was  for  a  long  time  a  confused 
complication  of  ideas  concerning  the  values  of  these  chemicals,  which 

*  That  is,  to  reduce  the  fineness  of  the  bullion. 
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continued  until  the  experiments  with  tailings,  made  in  1867  and 
1868  by  the  Janin  brothers,  solved  the  problem  beyond  dispute. 
Even  then,  the  stamp-mills  did  not  ado]>t  the  intelligent  use  of 
bluestone  and  salt  until  about  1875,  some  five  years  after  the  suc- 
cessful introduction  of  the  method  at  the  Meadow  Valley  mill,  near 
Pioche.  Before  this  date,  the  Washoe  mills,  after  em{)loying  various 
chemicals  in  most  irrational  ways,  had  gradually  come  to  use  merely 
what  was  deemed  essential  for  keeping  the  quicksilver  clean. 

VIII.  Early  Atte:\jpts  to  Work  Pan-Tailings. 

The  slimes  often  assayed  as  high  as  the  original  ore;  but  for  years 
they  were  run  to  waste,  as  no  one  knew  how  to  work  them  with  profit. 
The  pan-tailings,  holding  considerable  amalgam,  were  treated  more  or 
less  successfully  from  about  the  year  1864.  The  usual  treatment  con- 
sisted of  concentration  on  blanket-sluices,  followed  by  amalgamation 
in  pans.  The  blanket-sluices  were  shallow  troughs,  with  sides  an  inch 
or  two  high,  covered  with  coarse  blankets,  and  set  at  a  small  incli- 
nation— 6  to  12  inches  in  12  feet.  Two  or  more  troughs  were  ])]aced 
side  by  side;  or,  in  the  improved  form,  one  wide  blanket-table  was 
divided  into  several  narrow  longitudinal  compartments  by  jiarallel 
strips  of  wood.  The  stream  of  tailings  from  the  mill,  with  an  addi- 
tional supply  of  water,  was  allowed  to  flow  over  the  blankets,  which 
caught  and  retained  the  heavier  particles  of  ore  and  the  amalgam 
and  quicksilver,  while  the  lighter  and  poorer  material  was  washed 
away.  The  operation  was  aided  by  a  man  with  a  broom,  who  lightlv 
swept  the  sluices,  keeping  the  material  evenly  distributed  and  ex- 
posed to  the  action  of  the  current.  Two  or  three  times  a  day  the 
blankets  were  removed  and  washed  out  in  tanks.  A  later  and  less 
laborious  method  was  to  leave  the  blankets  in  place  and,  with  the 
aid  of  large  amounts  of  clear  water,  to  sweep  the  concentrates  into 
the  titi'ks  through  connecting  troughs  placed  at  the  lower  ends  of 
the  sluices  and  covered  over  except  when  in  use. 

There  was  no  particular  process  of  amalgamating  the  concentrates, 
but  the  j)rocedure  was  similar  to  that  employed  for  the  ore.  The 
richness  of  the  concentrates  consisted  largely  of  amalgam,  which 
fact  made  their  successful  treatment  an  easy  matter. 

The  land  in  the  main  canons  leading  from  Virginia  City  to  the 
Carson  river  was  divided  up  into  small  properties  which  originally 
were  taken  up  as  separate  mill-sites.  Many  of  the  mills  were  located 
in  these  narrow  canons,  close  to  the  water-courses.  Owing  to  the 
smallness  of  the   sites,  these   mills,  as  a  rule,  could  have  only  short 
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lines  of  sluices;  and  when  the  treatment  of  blanket-tailings  was 
found  profitable,  the  owners  of  land  commenced  to  pick  up  the  ma- 
terial discharged  from  the  mill-sluices  above  them  for  re-concentra 
tion  in  the  same  manner.  This  was  done  by  successive  land-owners, 
the  residues  being  enriched  by  fresh  supplies  from  the  quartz-mills 
interspersed  at  intervals,  until  finally  there  were  almost  continuous 
series  of  blanket-sluices  lining  Seven-mile,  Six-mile  and  Gold  cafions. 
Many  of  the  small  owners  put  up  little  amalgamating-works,  con- 
sisting of  a  pan  or  two,  or  an  arrastra,  or,  in  a  few  instances,  of  a 
barrel,  using  small  water-wheels  as  motors.  Others  merely  collected 
concentrates  and  sold  them. 

The  yield  of  blanket-tailings,  in  1867,  was  from  §18  to  $25  per 
ton  and  aggregated  over  $150,000.  The  cost  of  treatment  was  light, 
especially  for  the  small  operators  who  did  all  the  work  themselves 
and  had  their  material  delivered  to  them  for  nothing.  These  increased 
and  prospered  until  the  gradual  decrease  iu  value  of  the  tailings  and 
conflicts  with  the  Water  Company  in  time  drove  many  out  of  the 
business. 

The  troubles  with  the  Water  Company  arose  from  the  insufficiency 
of  the  natural  supply  of  water.  To  remedy  this,  water-companies  (after- 
wards consolidated  into  one — the  Virginia  and  Gold  Hill  Water  Com- 
j)any)  collected  all  the  available  supplies  in  the  district  and  brought 
in  additional  quantities  from  outside  sources,  distributing  and  selling 
the  water  at  high  rates.  The  Water  Company  claimed  that  it  sold 
to  mills  (and  sluices)  only  the  use  of  the  water.  Acting  on  this  theory, 
the  company  caught  up  the  water  when  discharged  from  the  sluices 
of  purchasers,  and  carried  it  in  flumes  around  the  property  of  those 
who  refused  to  pay  for  it.  The  small  sluice-owners  claimed  that  it 
was  impossible  to  distinguish  between  the  natural  and  the  artificial 
supply,  and  that,  moreover,  all  waters  once  in  a  creek  were  free  for 
the  use  of  the  riparian  owners.  Many  refused  to  pay,  and  tore  down 
the  company's  flumes.  The  dispute  lasted  for  years,  and  was  attended 
with  violent  acts  and  even  bloodshed.  The  victory  finally  remained 
substantially  with  the  Water  Company,  which  built  a  small  dam 
near  Silver  City  and  led  the  water  and  tailings  coming  down  the 
creek  (or  the  larger  part  of  them)  through  a  long  line  of  flumes  to 
the  Wood  worth  mill,  which  was  located  on  the  Carson  river,  at  the 
mouth  of  Daney  canon.  Here  the  tailings  were  passed  over  a 
blanket-table,  1700  feet  long  and  19  feet  wide,  divided  into  com- 
partments each  19  inches  wide  by  130  feet  long.  This  was,  un- 
doubtedly, the  largest  structure  of  the  kind  ever  built. 
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After  the  use  of  the  blanket-sluices  had  been  well  established,  re- 
servoirs for  impounding  the  slimes  and  tailings  were  built  here  and 
there.  Most  of  those  in  the  caijons  were  necessarily  small,  but  those 
on  the  flats  below  the  ravines  were  large.  The  impounding  of  these 
materials  did  not  occur  on  an  extensive  scale  until  the  process  for 
working  them  had  been  brought  to  a  point  where  success  seemed 
certain.     How  this  process  was  developed,  will  now  be  told. 

IX    Discovery  of  the  Tailings-Process. 

In  1862-63  Louis  Janin  was  metallurgist  of  the  Mexican  mill 
at  Empire  City,  where  the  ores  were  worked  by  wet-stamp- 
ing and  amalgamation  in  the  batteries  and  in  Mitchell's  screw- 
amalgamators.  The  tailings  were  dried,  roasted  in  reverberatory 
furnaces,  and  amalgamated  in  barrels.  Raw  amalgamation  in  barrels 
was  also  tried — with  partial  success.  In  1864,  Janin  was  called  to 
the  old  Gould  and  Curry  mill.  This  establishment  had  made  a 
failure  with  the  Vcatch  process,  which  was  thrown  out  that  year,  wet 
crushing  and  pan-amalgamation  being  substituted.  The  mill  had 
a  large  amount  of  tailings  on  hand,  including  slimes,  which  assayed 
as  high  as  $130  per  ton,  and  blanket-concentrations.  The  richest 
slimes  were  hauled  to  Franktown  and  amalgamated  in  Ball's  mill 
by  the  barrel -process.  Janin  put  up  experimental  pans  and  worked 
the  remaining  tailings  in  various  ways,  generally  trying  to  imitate 
the  patio- process.  Experiments  were  also  made  in  patio-yards,  but 
these  were  a  complete  failure,  while  those  carried  out  in  pans  were 
attended  with  a  fair  measure  of  success.  They  all  indicated  strongly 
the  utility  of  bluestone  and  salt,  but  the  full  appreciation  of  these 
re-agents  was  delayed  by  the  difficulty  of  disposing,  without  very 
heavy  discounts,  of  the  base  bullion  produced.  Bankers  were  afraid 
of  it,  and  everybody  was  trying  to  get  fine  bullion. 

In  1866  the  Gould  and  Curry  Company  built  the  Reservoir  mill, 
a  short  distance  below  its  large  quartz-mill,  for  the  purpose  of 
working  its  tailings.  This  was  the  first  mill  built  expressly  for  the 
treatment  of  tailings,  with  the  possible  exception  of  one  or  two  crude, 
miniature  establishments  of  sluice-owners  in  Six-Mile  canon.  It 
had  14  flat-bottomed  pans,  and  was  operated  by  the  Gould  and 
Curry  until  that  company  went  out  of  the  milling  business  and,  in 
1870,  sold  it  to  Parke  and  Bowie,  who  enlarged  it  and  named  it  the 
Railroad  mill. 

Janin  seems  to  have  been  confident  of  success  as  early  as  1866, 
when    he,  with   Charles  Bonner  and  Ira  S.   Parke,  built   a    large 
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reservoir  in  Six-Mile  canon,  a  short  distance  below  the  Reservoir 
mill,  to  collect  the  tailings  and  slimes  from  both  Six-Mile  and 
Seven-Mile  canons.  Within  a  year  about  100,000  tons  were  col- 
lected, a;>saying  from  $8  to  §24  per  ton;  and  in  September,  1867, 
Janin  commenced  to  work  the  material  in  the  Canon  tailings-mill, 
which  he  had  built  near  by  for  this  purpose.  The  first  runs  were 
most  encouraging,  but  a  freshet  in  the  following  December  swept 
away  about  half  of  the  contents  of  the  reservoir;  and  as  the  flood 
carried  off  the  greater  part  of  the  rich  slimes,  from  the  treatment  of 
which  large  profits  were  expected,  the  result  was  disheartening, 
although  by  no  means  disastrous. 

The  possession  of  a  mill  of  his  own  enabled  Janin  to  push  his  re- 
searches (which,  with  the  aid  of  subordinates,  he  had  kept  up  con- 
stantly) with  more  independence  than  before.  He  tried  various 
chemicals,  but  always  obtained  the  best  results  with  sulphate  of 
copper  and  salt,  although  these  reagents  produced  a  poorer  amalgam 
and,  with  the  apparatus  then  used,  the  quicksilver  was  fouled  and 
its  consumption  was  large.  Up  to  this  time  the  usual  method  was 
to  grind  the  pulp  in  small  flat-bottomed  pans,  then  thin  it,  and  dis- 
charge it  without  settlers.  Increasing  the  size  of  the  pans  and  using 
settlers  remedied  in  great  measure  the  flouring  and  loss  of  quick- 
silver. Especial  trouble  was  found  in  treating  slimes,  which,  wiien 
amalgatnated  fresh  from  the  reservoirs,  would  remain  in  lumps  in 
the  pans,  robbing  the  quicksilver  and  refusing  to  yield  up  the  pre- 
cious metals.  But  this  difficulty  was  overcome  by  drying  the  slimes, 
the  lumps  then  readily  dissolving  in  the  pans.  The  ever-varying 
quantity  of  gold  and  silver  in  the  batches  worked,  and  the  presence 
of  amalgam  caught  with  the  tailings,  augmented  the  troubles 
encountered  in  the  experiments,  by  introducing  an  element  of  un- 
certainty as  to  the  actual  results  obtained.  Furthermore,  the  ores 
from  the  different  mines  did  not  work  alike,  the  percentages  of 
bullion-yield  varying  greatly  under  precisely  the  same  conditions  of 
treatment.  Particular  difficulty  was  found  with  the  ChoUar-Potosi 
slimes  which,  notwithstanding  an  excess  of  bluestone,  produced  only 
fine  bullion.  This  result  was  attributed  by  some  j)ersons  to  de- 
composition of  the  bluestone  by  the  oxide  of  manganese  which  was 
present  in  the  ore.  Others  have  thought  that  probably  the  in- 
jurious agent  was  an  alkali  or  alkaline  earth. 

Henry  Janin,  having  become  financially  interested  with  Louis, 
visited  Washoe  in  1868;  and  the  two  brothers  (aided  later  by 
Alexis  Janin)  made  a  systematic,  extensive  and  costly  series  of  ex- 
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periments,  which  thoroughly  demonstrated  the  efficacy  of  bluestone 
and  salt.  Henry  Janin  came  to  the  conclusion  that  dichloride  of 
copper  was  the  active  reagent  in  the  reduction  of  sulphurets  of  silver, 
and  thought  its  direct  use  in  the  pans  would  be  greatly  superior  to  the 
use  of  salt  and  bluestone.  He  obtained  a  patent  for  this  process;  but 
the  brothers  never  did  more  than  experiment  with  the  method,  con- 
fining themselves  to  the  question  of  the  proper  proportions  of  copper 
sulphate  and  salt.  This  question  they  solved  to  their  satisfaction  ; 
and  when  they  accepted  the  fact  that  base  bullion  w^as  a^  necessity, 
and  ceased  trying  to  make  fine  bullion,  their  success  was  complete. 
They  proceeded  to  secure  slimes  and  tailings  from  all  sources  and  to 
engage  extensively  in  the  business.  They  had  apparently  a  fortune 
in  their  grasp.  But  it  was  impossible  to  keep  their  process  secret; 
and  when  the  ore-supply  from  the  mines  became  scarce  and  concen- 
trated in  the  hands  of  a  few  millmen  (as  before  described)  all  the 
mills  began  to  save  their  tailings  and  slimes  and  to  work  them  up 
for  themselves.  Moreover,  other  tailing-mills  were  built,  and  the 
competition  became  keen. 

X.  Development  of  the  Tailings-Business. 

At  the  end  of  1865  or  the  beginning  of  1866,  J.  R.  Andrews  & 
Co.  built  large  reservoirs  on  the  flats  at  Dayton,  and  caught  the 
tailings  coming  down  Gold  canon.  The  amount  collected  here  in 
1869  was  estimated  at  400,000  tons,  assaying  from  |115  to  $30. 
Quite  a  large  quantity  was  much  richer;  one  reservoir,  which  was 
afterwards  purchased  by  Birdsall  &  Co.,  assaying  about  $60.  The 
mill  here,  a  small  establishment,  originally  built  in  1864  to  work 
ore,  and  known  later  as  the  Dayton  Reservoir  mill,  was  purchased 
and  started  in  the  fall  of  1866  by  E.  Wertheman  and  Dr.  Briarly, 
who  sold  out  to  Louis  Janin  and  Leon  Baldwin.  This  firm  altered 
it,  and  put  in  five  McCone  pans,  each  holding  4000  to  5000  pounds 
of  tailings  to  the  charge,  and  treating  four  or  five  charges  daily. 
Baldwin  sold  his  interest  to  Janin,  who,  in  1871,  tore  down  the  old 
building,  and  erected  a  new  structure  on  the  same  site.  The  mill 
worked  a  part  of  the  tailings  collected  in  the  Dayton  reservoirs;  but 
the  main  portion  of  these  passed  into  the  possession  of  Birdsall  & 
Co.,  and  the  Dayton  Reservoir  mill  finally  was  obliged  to  clo.se  down. 

About  1 867,  Janin  and  Paike  started  a  large  reservoir  on  the  banks 
of  the  Carson  river,  3  miles  from  the  mouth  of  Six-Mile  canon,  the 
flow  of  water  and  tailings  in  this  canon  being  caught  up  and  led  in 
a  ditch  to  the  reservoir.     At  one  time  (about  1869)  the  contents  of 


21-t  AMAf.OAMATION    AT   TIIK   OOMSTOCK    LODK. 

this  reservoir  were  estimated  at  200,000  tons.  The  quality  was 
mucli  poorer  than  that  of  the  material  impounded  at  sites  nearer  the 
stamp-mills.  The  averat>;e  assay-value  was  only  $7  or  $8,  according 
to  samples  taken  in  1875;  hut  much  poor  material  and  even  waste 
(brought  down  in  seasons  of  al)undant  water)  had  been  allowed  to 
run  in.  No  attempt  to  work  the  tailings  here  was  made  on  a  large 
scale  until  1870,  when  the  Carson  Valley  Tailings  Company  put  up 
a  mill  with  ten  large  Parke  pans,  holding  8  tons  to  the  charge.  It 
was  genei:ally  understood  that  the  profits  of  the  company  were 
meager. 

In  1869,  Augustine,  of  Silver  City,  put  up  a  mill  with  four  large 
pans  on  American  Flat,  to  work  the  tailings  from  a  reservoir  below 
the  old  Bay  State  mill.  This  tailings-mill  ran  irregularly,  and  with 
results  which  were  apparently  unsatisfactory. 

D.  E,  Avery  had  an  establishment  in  Washoe  valley  called  the 
Back  Action  (if  I  remember  aright),  which  worked  tailings  on  a 
small  scale.  It  was  built  in  1866,  and  then  had  eight  arrastras. 
Concerning  this  mill  I  have  only  scant  information.  I  imagine  that 
it  was  not  a  great  pecuniary  success. 

In  Six-Mile  caiion  there  were  a  number  of  mills,  some  of  them 
curious  little  home-made  affairs,  which  worked  blanket-concentrates 
principally.  Bassett's  mill,  originally  built  with  16  stamps,  was 
using  a  barrel -process  for  tailings  in  1865,  but  was  credited  with  6 
pans  in  the  statistics  of  1866.  Jennings,  Pro(!tor,  Evans,  and  one 
or  two  others,  had  establishments  which  ran  more  or  less  intermit- 
tently.    Jennings,  I  think,  outlasted  the  others. 

The  Atlanta  mill,  at  Johntown  in  Gold  canon,  erected  in  1865 
with  10  stamps,  was  owned  by  W.  Hill  &  Co.,  who  altered  it  to  a 
tailings  mill.  In  1871  two  large  Parke  pans,  8  feet  in  diameter,  were 
put  in.  Thc-owners  worked  tailings  for  a  number  of  years  from  a 
reservoir  near  by. 

Not  far  from  the  last  mill  was  the  Keystone,  built  in  1865  with  5 
stamps,  and  changed  subsequently  to  work  tailings.  It  was  owned 
by  Rulison  and  T^ykens,  who  afterwards  moved  it  nearer  Dayton. 
It  was  o|)(Tated  whenever  |)ay-material  could  be  obtained. 

Concerning  the  mill  of  r>irdsall  &  Co.  (afterwards  the  Ijyon 
Mining  and  Milling  Co.),  which  was  built  originally  for  crushing 
ore,  detailed  information  will  be  given  in  a  subsequent  })art  of  this 
article. 

Besides  the  tailings-mills  above  mentioned,  quite  a  number  of 
stamp-mills  engaged  in  the  tailings-business  when  supplif^s  of  ore 
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from  the  mines  were  unobtainable, — as  the  Woodworth  mill,  on  the 
Carson  river  at  the  foot  of  Daney  canon,  where  large  amounts  were 
treated. 

The  result  of  the  increase  in  the  number  of  mills  working  tailings 
was  that  in  time  rich  tailings  were  not  to  be  bought ;  even  low-grade 
material  was  very  difficult  to  get  at  paying  prices,  and  the  Junius 
were  gradually  forced  out  of  the  business.  When  they  had  retired 
there  were  only  two  large  tailings-companies  in  successful  ojieration 
at  the  Comstock  :  Parke  &  Bowie  in  Six- Mile  caiion,  and  the 
Lyon  M.  and  M.  Co.  at  Dayton. 

Ira  S.  Parke  and  David  Bowie  owned  two  mills — the  Railroad 
mill,  formerly  called  the  Reservoir  mill,  which  they  had  bought 
from  the  Gould  and  Curry  Company  in  1870;  and  the  Canon  mill, 
which  they  purchased  from  Janin  about  1872,  enlarging  it  and 
changing  the  name  to  Express  mill.  Parke  was  a  good  millwright 
and  an  able  and  energetic  worker,  vvho  had  learned  the  tailings-busi- 
ness from  the  Janins.  The  firm  secured  large  reserves  of  tailings 
and  operated  for  several  years,  apparently  with  great  success.  They 
did  not,  however,  appreciate  the  importance  of  close  assaying  and  of 
chemical  studies,  but  sought  only  for  improvements  in  mechanical 
details.  They  had  no  assay-office  connected  with  their  mills — in 
this  respect,  however,  merely  following  the  usual  Comstock  custom — 
and  were  content  to  work  without  any  exact  knowledge  of  the  values 
of  the  material  which  they  treated,  values  which  were  varying  con- 
stantly. Hence  they  had  only  hazy  ideas  of  the  accuracy  of  their 
work,  and  were  liable  to  make  (and  did  make)  costly  mistakes. 

Parke  was  constantly  changing  the  size  and  form  of  his  pans  and 
settlers,  and  seemed  to  have  a  mania  for  large  pans.  He  undoubt- 
edly introduced  several  improvements,  but  eventually  over-did  the 
thing.  He  increased  the  size  of  the  pans  to  6,  8  and  10  tons  per 
charge,  and  in  this  his  example  was  followed  very  generally.  The 
extreme  dimensions  reached  were  12  feet  diameter  by  8  feet  height. 
Increasing  the  size  was  found  beneficial  to  a  (;ertain  extent,  but  the 
largest  pans  were  complete  flii lures.  He  then  began  to  increase  the 
number  of  mullers  in  each  pan.  He  invented  a  2-muller  pan  which 
was  11  feet  long,  5|  feet  wide  and  5  feet  deep,  held  5-ton  charges 
and  was  provided  with  2  settlers.  At  first  the  mullers  ran  in  oppo- 
site directions,  later  in  the  same  direction.  He  had  a  6-muller  pan, 
also  in  the  shape  of  a  trough,  but  with  very  small  mullers.  He 
built  3-muller  and  4-muller  pans.  No  one,  so  far  as  I  know,  copied 
these  nuiltiple-muller  pans,  nor  was  it  easy  to  find  out  the  exact 
results  obtained  with  them,  owing  to  the  loose  manner  in  which  all 
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the  experiments  were  made.  It  was  plain,  however,  that  large 
motive  power  was  demanded,  and  that  the  construction  was  expensive. 

In  1874  quicksilver  had  risen  in  price  from  60  cents  to  (at  least) 
$1.30  per  pound,  and  the  price  of  silver  had  fallen  greatly.  This 
added  essentially  to  the  troubles  of  the  tailings-mills,  which  were 
then  struggling  with  low-grade  material,  and  proved  fatal  to  Parke 
and  Bowie,  who  accordingly  failed.  In  fact  all  the  tailings-mills  iu 
Washoe,  except  the  Lyon  mill,  closed  down  this  year,  some  tem- 
porarily, others  permanently;  and  none  (with  the  exception  noted) 
made  any  long  runs  thereafter.  The  Express  and  Railroad  mills 
were  sold.  Ira  Parke  ran  them  subsequently  for  account  of  his 
creditors,  but  he  died  before  long.  His  place  was  taken  by  his 
brother,  Frank  Parke,  who  a  few  years  after  died  in  the  same  man- 
ner as  Ira — being  run  over  by  the  steam-cars.  The  success  of 
the  mills  during  these  last  years  was  very  limited. 

The  best  arranged,  best  equipped  and  most  successfully  conducted 
tailings-mill  ever  operated  was  the  Lyon  mill  at  Dayton.  -This 
was  built  in  1865  by  Birdsall  and  Carpenter  to  crush  ore.  Carpenter 
soon  sold  his  interest  to  Birdsall,  who  was  invited  by  Sharon  to  join 
the  Union  Mill  Company,  but  declined.  The  mill  then  found  it 
impossible  to  obtain  adequate  ore-supplies,  although  its  charges  for 
hauling  and  working  were  as  low  as  $8  per  ton  ;  and  for  several 
years  it  run  intermittently  and  without  much  profit. 

When  the  treatment  of  tailings  began  to  attract  attention,  George 
Langtry,  a  most  energetic  and  able  millwright,  induced  Birdsall 
to  undertake  this  branch  of  the  business.  Birdsall  owned  land  ad- 
joining the  Andrews  property  at  the  mouth  of  Gold  canon,  and 
here  Langtry  put  up  concentrating  apparatus,  receiving  in  return  a 
small  interest  iu  the  mill,  of  which  he  was  soon  after  made  superin- 
tendent. When  the  Janins  perfected  their  process,  Langtry  found 
out  the  details  and  copied  them  with  success.  In  1869  the  com- 
pany purchased  the  rich  Andrews  reservoir,  added  20  pans  to  the 
mill  and  worked  on  a  very  large  scale,  at  one  time  amalgamating 
250  tons  daily.  But  in  order  to  keep  up  this  rate  of  treatment,  it 
was  found  necessary  to  work  the  slimes  "green  "  from  the  reservoir, 
and  the  company  gave  up  this  wasteful  procedure  and  reduced  the 
daily  amount  treated  to  about  150  tons. 

George  Langtry  was,  all  things  considered,  the  best  tailings-raill- 
man  of  Washoe.  He  differed  from  the  ordinary  "  practical  "  man 
in  many  respects,  perhaps  in  none  more  remarkably  than  by  recog- 
nizing and  acknowledging  the  fact  that  his  want  of  chemical  knowl- 
edge was  a  serious  deficiency.     To  remedy  this  deficiency,  he  sought 
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always  to  have  a  capable  metallurgist  connt'cted  with  the  establish- 
ment. Under  his  management,  and  the  subsequent  guidance  of  his 
pupil,  the  Ijyun  mill  achieved  a  success  unparalleled  in  the  history 
of  tailings-mills.  From  1869  to  1878,  notwithstanding  the  decline 
in  the  value  of  the  material  worked  and  of  the  silver  produced,  and 
in  spite  of  the  great  increase  in  the  price  of  quicksilver,  the  mill 
steadily  yielded  large  dividends.  The  company  had  a  working- 
capital  sufficient  for  the  purchase  of  large  amounts  of  rich  slimes 
and  tailings  whenever  such  came  into  the  market.  The  mechanical 
skill  and  great  executive  ability  of  Langtry,  supplemented  by  the 
chemical  knowledge  of  his  assistants,  were  sufficient  to  overcome 
each  new  difficulty  in  amalgamation  as  it  aro.se,  and  enabled  the 
mill  to  run  on  low-grade  material  which  no  other  establishment 
could  treat  with  profit.  Thus,  when  the  price  of  sulphate  of  copper 
was  raised  to  an  excessive  height  (it  touched  24  or  26  cents  per 
pound),  the  company's  officers  were  found  competent  to  put  uj)  and 
run  acid-chambers  and  bluestone- works  with  such  success  that  the 
mill  obtained  its  own  supplies  at  low  figures  and  large  revenues  were 
derived  from  .sales  to  others.  When  the  di.scount  on  base  bullion 
reached  27  per  cent,  in  1874,  a  process  for  refining  this  bullion  was 
pi;omptly  devised,  whereby  not  only  were  fine  silver  and  fine  doree 
bars  turned  out,  reducing  the  discounts,  but  also,  through  the  re- 
covery of  the  copper  previously  lost,  in  the  place  of  additional  ex- 
penses, additional  profits  ensued.  This  process,  it  may  be  noted, 
solving  the  difficulty  which  so  long  delayed  the  financial  success  of 
the  Janin  brothers,  rendered  their  method  practically  complete. 
Moreover,  as  no  one  else  ever  succeeded  in  refining  bullion  so  rich 
in  copper,  other  mills  .sent  their  product  to  the  Dayton  refinery,  to 
the  financial  advantage  of  the  Lyon  mill. 

Langtry  died  in  harness  ip  1875,  but  so  long  as  his  methods  pre- 
vailed the  mill  was  operated  with  financial  succe.ss,  and  although 
the  tailings  treated  sank  in  assay-value  to  about  $5  per  ton,  it  was 
found  possible  to  earn  and  pay  continuous  dividends.  But  when 
his  pupil  resigned  in  1878,  and  a  new  management  imbued  with 
radically  diiferent  ideas  was  established,  dividends  became  painfully 
rare. 

In  1877  the  bonanza  firm  built  their  large  tailings-mill  on  the 
site  of  the  old  Gould  and  Curry  mill.  It  was  the  last  successful 
mill  of  the  kind  erected  at  the  Comstock,  and  was  appropriately 
named  the  Omega.  It  had  a  daily  capacity  of  about  170  tons  and 
ran  a  number  of  years  on  slimes  and  tailings  from  the  Consolidated 
Virginia  and   California  ores.     It  was  provided  with  a  couple  of 
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long  cylincler-fiirnaces  for  drying  the  slimes,  and  with  a  refinery, 
built  in  1878  after  the  plans  of  the  one  at  Dayton.  It  was  operated 
successfully,  I  am  told,  until  it  exhausted  its  supplies. 

Early  in  the  '80's  a  small  mill  was  built  by  Conrad  Wiegand 
and  others,  cast  of  Virginia  City,  near  the  railroad  tunnel.  It  was 
erected  after  ray  dejiarture  from  Washoe,  and  I  have  no  detailed  in- 
formation concerning  it.  The  intention  was  to  work  the  tailings  of 
the  old  liynch  reservoir,  which  were  supposed  to  be  very  rich. 
These  tailings  had  been  offered  previously  to  the  Lyon  mill,  which 
sampled  and  assayed  them,  finding  the  material  to  average  only 
about  S6,  if  I  remember  correctly.  The  Lyon  mill  gave  its  assay- 
results  to  the  owners,  who  refused  to  believe  the  figures.  Conrad 
"SViegand,  the  well-known  assayer,  made  some  assays,  obtaining 
much  higher  results,  and  put  about  all  the  capital  he  had  into  the 
company  which  built  the  mill.  I  have  been  told  by  a  })erson  who 
was  connected  with  the  establishment  that  the  mill-runs  verified  the 
Lyon  mill  assays,  and  that  the  mill  was  a  complete  failure  from  the 
start.  This  failure  is  supposed  to  have  been  one  of  the  principal 
causes  of  poor  Wiegand's  tragic  death. 

XL  Treatment  of  Tailings  at  the  Lyon  Mill. 
The  plant  of  the  Lyon  mill  was  slowly  wrought  out  by  experience. 
The  original  mill  had  30  stamjis,  20  Wheeler  pans,  10  settlers,  and 
3  "  lavaderos"  or  washing-tubs.  The  power  was  furnished  by  a 
50-foot  overshot  water-wheel.  The  pans  first  used  for  tailings  held 
1500  to  1800  pounds  to  the  charge.  When  the  Andrews  reservoir 
was  bought,  in  1869,  20  Wheeler  pans  and  10  settlers  were  added, 
each  pan  holding  charges  of  2500  to  2800  pounds.  In  1870  and 
1871  very  large  pans  for  tailings  came  into  vogue.  These  were  "  com- 
bination "  pans,  with  iron  bottoms  and  wQoden  sides.  Janin  was  using 
McCone  pans,  which  held  2  to  2J  tons  of  tailings  (or  1^  to  1^  tons 
of  pure  slimes),  and  Parke  was  introducing  much  larger  sizes.  In- 
fluenced by  the  reports  of  improved  results  obtained  with  the  largest 
pans,  the  management,  in  1872,  took  out  20  Wheeler  pans,  substi- 
tuting 2  10-ton  pans  of  the  Parke  pattern,  with  2  large  settlers. 
These  pans  were  9  or  10  feet  in  diameter  by  about  6  feet  high,  and  the 
settlers  were  about  12  feet  in  diameter  by  8  feet  high.  Their  use 
was  attended  by  such  a  large  loss  of  quicksilver  and  low  yield,  that 
they  were  soon  thrown  out,  and  the  mill  was  run  with  the  remain- 
ing 20  Wnieeler  pans.  Finally  these  last  were  replaced  by  8  combi- 
nation pans,  of  about  3  tons  capacity,  for  tailings,  and  2  somewhat 
smaller  pans  for  slimes^  each  pan  being  provided  with  a  settler.    The 
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experience  of  the  Lyon  mill  indicates  strongly  that,  for  the  material 
worked  there,  the  best  results  are  to  be  obtained  within  the  limits  of 
2 -ton  and  3-ton  charges. 
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The  perfected  arrangement  of  the  mill  was  as  follows  : 
The  mill-building  was  located  on  a  steep  side-hill  with  abundance 
of  fall.  The  tailings  were  hauled  from  the  dumps  and  reservoirs  in 
cars  which  entered  on  the  upper  floor  directly  over  the  bins.  These 
cars  had  sheet-iron  bodies  supported  on  4-wheeled  trucks,  modeled 
after  the  ordinary  railroad  pattern.  They  held  3300  pounds  of  pan- 
tailings,  dry  weight,  and  dumped  through  the  bottom  of  the  body 
and  between  the  rails.  The  track  was  of  railroad-iron,  much  of  it 
old  65-pound  iron  rails,  bought  from  the  Virginia  and  Truckee  Rail- 


Flange  of  Pan-Bottoru. 
A.  Section  at'discharge-hole.     B.  Section  at  any  other  point  of  circumference. 

road  Company  when  this  road  substituted  steel  rails.  Care  was  taken 
to  have  a  solid  track  and  well-constructed  rolling-gear,  and  hence 
the  repairs  were  only  nominal  and  the  expense  of  hauling  was  light. 

The  bins  held  enough  to  supply  the  mill  for  several  days.  Their 
spouts  discharged  directly  into  the  pans. 

There  were  eight  pans  for  treating  the  tailings  caught  in  the 
company's  reservoirs  and  locally  called  ''sand,"  by  which  term 
they  will  be  designated  hereafter  in  this  paper,  and  two  pans  for 
the  slimes,  which  were  all  purchased  from  other  mills.     The  pans 
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were  supported  on  an  open  framework,  admitting  light  and  giving  free 
access  to  the  shafting  and  gearing  below. 

There  was  a  settler  to  each  pan.  The  sand-settlers  were  9  feet  in 
diameter  by  7  feet  high.  The  slime-settlers  were  eight  feet  in  diam- 
eter. The  settlers  discharged  over  blanket-sluices  which  extended 
from  the  mill  to  the  Carson  river. 

Besides  the  apparatus  named,  the  mill  contained  a  small  boiler  for 
heating  the  pans  with  live  steam,  a  Chili  mill  for  grinding  copper- 
ore  and  another  for  crushing  the  roasted  bullion  from  the  refinery, 


Fig.  3. 


Mode  of  Fastening  Cone  to  Bottom. 

A.  Space  between  false  bottom  and  cone,  calked  with  pine.  B.  Si)aee  between 
bottom  and  cone,  calked  with  thick  red-lead  and  hard-wood  wedges.  C.  Eight 
|-inch  bolts.     O.  Eubber  gasket,  with  thick  red-lead  and  oil. 


an  extra  pan  or  two  for  treating  sweeps  and  sulpluirets,  and  a  special 
dissolving  tub  for  making  bluestone-solution.  All  the  machinery 
was  run  by  a  Leffel  turbine,  placed  with  its  axis  horizontal,  under  a 
52-foot  head. 

The  construction  of  the  pans  is  shown  in  the  accompanying 
sketches,  the  dimensions  given  being  tiiose  of  the  larger  pans.  Con- 
cerning the  details  of  construction,  the  following  points  may  be 
noted : 

The  height  of  the  flanges  of  the  pan-bottom  was  gradually  in- 
creased until  it  reached  the  figures  given.     This  jirevented  all  leak- 
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age  of  quicksilver  between  the  staves  and  the  iron — a  leakage  which 
occurred,  to  a  greater  or  less  extent,  with  low  flanges,  despite  all 
methods  of  calking  which  could  he  devised. 

Iron  rings  w'ere  used  to  protect  the  flanges.  The  greatest  wear  on  the 
pan  was  at  the  discharge-hole,  where,  in  the  older  construction,  the 
iron  was  rapidly  destroyed  until  the  hole  became  enlarged  to  such  an 
extent  that  it  could  no  longer  be  plugged  securely;  and  thus  the  whole 
bottom  was,  of  necessity,  thrown  away,  although  sound  in  all  other 
respects.  By  casting  the  bottom  with  an  outside  boss  at  this  place, 
having  a  square  socket  on  the  inside,  7J  inches  wide  by  5J  inches 
high  by  2  inches  deep,  this  socket  being  filled  with  an  oaken  plug 
bored  for  the  discharge-hole,  and  by  using  false  bottoms,  the  life  of 
the  pan  was  prolonged  for  years.  An  oak  plug  lasted  as  long  as 
three  false  bottoms  and  rings.  A  false  bottom  1|  inches  thick  wore 
out  a  2-inch  ring  and  a  muller. 

The  wooden  staves  forming  the  pan-sides  were  protected  by  a 
lining  of  inch-stuff,  2  feet  long,  nailed  on  the  inside.  Instead  of 
wings,  five  pieces  of  timber,  3  inches  by  4  inches  by  2J  feet  long, 
spiked  vertically  to  the  sides,  were  usecl  with  satisfactory  results. 

The  muller  and  shoes  were  cast  in  one  piece,  as  shown  in  Fig.  4 
(p.  223).  This  simple  form  was  adopted  after  trial  of  many  varieties. 
By  leaving  ample  spaces,  both  on  the  outside  and  the  inside  of  the 
muller,  with  a  proper  speed,  th.ere  was  no  difficulty  in  securing  a 
good  circulation  of  the  pulp. 

Besides  the  usual  appendages  of  retort-house,  blacksmith-shop, 
carpenter-shop,  etc.,  the  mill  was  provided  with  a  bullion-refinery 
(which  has  been  described  in  a  previous  volume  of  these  Transac- 
tions)* with  sulphuric-acid  chambers,  and  with  bluestone-works. 
Moreover,  at  one  time,  there  was  a  borax-faotory  attached,  which 
was  a  short-lived  affair.  This  last  was  in  operation  in  1872,  when 
the  borax-excitement  raged  in  California  and  Nevada.  The  man- 
agers of  the  company  were  attacked  by  the  fever,  and  by  their  or- 
der a  couple  of  dissolving-tubs  with  crystallizing-vats  were  put  up 
in  the  mill.  Borate  of  lime  was  hauled  some  60  miles,  in  wagons, 
from  Khodes's  marsh,  near  Columbus,  Nevada,  and  treated  with  car- 
bonate of  soda  (also  hauled  a  long  distance)  and  steam.  The  borax 
produced  was  of  the  finest  quality.  A  considerable  amount  was 
shipped  to  England,  and  there  sold  at  the  highest  market-prices.  But 
the  price  of  borax  fell  from  3G  to  8  cents  per  pound  (local  quotations) ; 

*  Ti-ans.,  xiv^  731. 
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and  as  the  latter  sum  Avas  insufficient  to  pay  expenses  of  manufac- 
ture at  such  a  point  as  Dayton,  which  was  far  removed  from  the 
deposits,  the  borax-department  was  closed. 

The  acid-factory  held  two  lead-chambers,  one  15  feet  high  by  20 
feet  wide  by  45  feet  long,  the  other  of  the  same  height  and  width, 
but  90  feet  long ;  besides  concentrating-pans,   where  acid  of   62° 


A^^3- 


FiG.  4. 


Bottom  of  Muller. 
S,  S.  Shoes  cast  in  one  piece  witli  muller. 


B.  was  made  for  sale.  The  two  chambers  were  run,  either  separately 
or  (by  preference,  when  business  demands  permitted)  as  a  system. 
They  produced  chamber-acid  of  45°  to  48°  B.,  and  tower-acid  of 
12°  to  18°  B,,  the  latter  article  coming  from  the  "  bunibaroon- 
towers,"  which  were  cheap  local  substitutes  for  the  more  expensive 
Gay-Lussac  apparatus.  The  raw  materials  used  were  Japanese  or 
Nevada  sulphur  and   niter.       Owing  principally  to  the  uncertain 
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and  fluctuating  nature  of  the  market,  mIhcIi,  for  a  couple  of  months, 
would  demand  an  immediate  supply  that  taxed  the  extreme  capacity 
of  the  works,  and  then  suddenly  fell  off  to  almost  nothing,  it  was 
impossible  to  run  the  chambers  continuously,  and  therefore  to  the 
best  advantage.  Nevertheless,  good  results  were  often  made,  in 
one  instance,  in  1877,  the  chambers  producing  290|  pounds  of  mono- 
hydrated  acid  per  100  pounds  of  sulphur  consumed.  "  As  the  maxi- 
mum theoretical  production  is  306J  pounds  of  monohydrate  for  this 
amount  of  sulphur,  the  loss  was  only' 5.1  per  cent. 

A  large  part  of  the  chamber-acid  was  concentrated  in  lead  pans 
to  62°  B.  and  sold.  The  rest,  except  small  quantities  sold  to  mills, 
was  used  without  concentration  in  the  bluestone-works.  The  weak 
tower-acid  was  utilized  in  making  copper-sulphate  solution  for  the 
mill. 

The  raw  material  for  the  bluestone-factory  consisted  of  copper- 
ore,  principally  carbonates  from  Walker  river,  copper-matte  and 
precipitate  from  California,  and  base  bullion.  The  bluestone  made 
from  the  bullion  was  of  the  highest  grade,  and  equal  to  the  best 
English  imported.  The  product  of  the  factory  was  sold  to  amalga- 
mating mills,  principally  ;  some  went  to  California  for  the  use  of  the 
farmers.  During  several  years  there  was  a  branch  establishment 
at  Carson,  which  utilized  the  copper-sulphate  solution  from  the 
mint  refinery. 

The  Lyon  mill  used  only  the  refuse  from  the  factory,  that  is,  the 
scrapings  and  portions  which  did  not  look  well  enough  to  be  put  on 
the  market,  or  the  mother-liquor  which  was  too  weak  for  profitable 
concentration.  Usually  it  employed  uncrystallized  sulphate  of  copper 
made  from  ore  in  a  special  tub.  In  either  case,  the  copper-sulphate 
held  an  appreciable  amount  of  iron-sulphate,  and,  at  times,  an  excess 
of  acid  designedly  introduced. 

Sulphate  of  iron  was  manufactured  in  small  amounts  to  satisfy  a 
local  demand. 

The  tailings  worked  at  the  mill  from  1873  to  1877  inclusive  were 
for  the  most  part  of  very  low  grade.  They  were  classified  under  the 
local  designations  of  "  sul[)hurets,"  "slimes"  and  ''sand." 

The  sulphurets  were  obtained  by  purchase  from  the  blanket-sluices 
so  extensively  used  at  the  Comstock.  They  were  principally  iron- 
sulphurets.  Those  caught  near  the  mills  which  crushed  the  ores 
whence  they  were  derived,  oxidized  with  comparative  facility  on 
exposure  to  the  air,  nnd  yielded  by  amalgamation  as  much  as  80  per 
cent,  of  their  contents  of  precious  metal.     Those  caught  at  greater 


AMALGAMATION    AT   THE    COMSTOCK    LODE.  225 

distances  from  the  quartz-raills  showed  no  signs  of  oxidation  even 
after  long  exposure,  and  it  appeared  impossible  to  extract  from  them 
by  pan-anialgamation  more  tlian  50  per  cent,  of  their  assay-values. 
The  reason  for  this  difference  in  behavior  was  not  known  positively. 
Sulphurets  were  obtained  only  in  small  amounts,  were  usually  amal- 
gamated by  themselves,  and  made  no  figure  in  the  production  of  the 
mill. 

The  slimes,  during  the  years  mentioned,  were  all  purchased  from 
the  stamp-mills  whenever  these  had  any  to  sell.  The  silver  contained 
in  them  existed  apparently  in  part  as  a  simple  sulphuret  (such  as 
argentite),  and  in  much  larger  measure  as  a  multiple  sulphuret  (such 
as  stej)hanite  or  polybasite).  Their  chemical  composition  varied 
materially.  Their  chief  constituent,  clay,  was  the  main  cause  of  the 
difficulty  in  treating  them. 

The  slimes  were  spread  out  on  the  ground,  all  lumps  being  broken 
up,  and  allowed  to  dry  thoroughly  before  being  worked.  Long 
experience  proved  beyond  question  that  this  preparatory  drying  was 
essential  for  good  amalgamation.  In  common  parlance,  the  slimes 
were  "oxidized,"  but  the  change  effected  was  mechanical  rather  than 
chemical. 

At  Dayton,  two  pans  were  reserved  for  treating  this  material, 
which  was  mixed  in  the  pan  with  certain  amounts  of  sand.  The 
usual  charge  was  composed  of  60  to  Go  per  cent,  of  slime  and  40  to 
35  per  cent,  of  sand.  The  sand  seemed  to  act  beneficially  by  cutting 
up  any  lumps  of  slime  which  might  exist,  and  by  clearing  the 
globules  of  quicksilver  from  any  adhering  slimy  envelope  which, 
unless  removed,  would  keep  the  quicksilver  from  contact  with  the 
precious  metals,  prevent  the  globules  from  uniting,  and  carry  them 
off  in  the  stream  of  tailings. 

The  slimes  purchased  by  the  mill  varied  greatly  in  value,  ranging 
from  $13  to  $30  per  ton,  with  occasional  higher  values.  The  slime- 
charges  (slime  and  sand  mixed)  during  the  years  1875  to  1877 
assayed  from  $13  to  $18  per  ton. 

The  sand  was  that  j)art  of  the  tailings  which  had  escaped  from 
the  stamp-mills,  and  after  passing  through  numberless  blanket- 
sluices  and  other  concentrators,  finally  had  been  caught  in  reservoirs. 
Some  of  this  material  was  purchased.  By  far  the  larger  part  came 
from  the  company's  large  reservoirs  on  the  flat  at  the  mouth  of  Gold 
canon,  3  miles  or  more  from  the  nearest  quartz-mill.  Into  these 
reservoirs  were  led  the  waters  of  the  creek,  carrying  not  only  the 
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residues  from  the  blanket-sluices  above,  but  also  various  impurities 
discharo'ed  into  the  caflon  or  washed  down  by  the  rains.  The  in- 
flowing stream  was  watched  night  and  day  by  men  who  decided 
from  its  appearance  whether  it  held  a  sufficient  amount  of  pay-mate- 
rial to  be  allowed  to  settle  in  the  reservoirs,  or  whether  the  contents 
were  too  poor  for  profitable  treatment,  and  therefore  were  to  be 
turned  back  into  the  creek-bed.  When  one  reservoir  was  filled  with 
the  water,  the  stream  was  led  into  another,  and  the  material  in  the 
fifst  was  allowed  to  settle,  the  cleared  water  being  then  drawn  ofP. 
In  this  manner  the  reservoirs  were  gradually  filled  with  sand,  which 
was  allowed  to  remain  undisturbed  for  a  long  time,  and  then  was 
ploughed  up  and  more  completely  dried  under  exposure  to  the  air. 
Durino-  the  dry,  hot  summers  at  Dayton,  evaporation  proceeded  at  a 
rapid  rate. 

The  material  deposited  at  the  upper  end  of  each  reservoir,  near 
the  inlet,  was  left  untouched,  being  too  coarse  and  poor.  The 
remainder,  which  held  a  little  slime  and  assayed  from  $5  to  $7  per 
ton,  averaging  only  a  shade  over  $o  during  the  years  18 "5  to  1877, 
was  scraped  up  and  hauled  into  the  mill. 

The  sand  formed  90  to  95  per  cent,  of  the  whole  amount  amal- 
gamated in  the  period  mentioned  above.  It  consisted  princi]>ally  of 
fine  quartz  sand,  whence  its  local  name,  and  held  limited  but  varying 
amounts  of  clay.  Iron  and  copper  pyrites  were  distinguishable,  but 
beyond  this  the  mineral  composition  was  doubtful.  The  quicksilver 
used  for  amalgamation  by  the  mills  crushing  the  original  ore  had 
been  thoroughly  removed  by  the  repeated  concentrations  to  which 
the  material  had  been  subjected  before  reaching  the  reservoirs. 

Although  the  Janins  had  discovered  and  made  known  the  proper 
method  of  amalgamating  tailings,  it  was  necessary  for  each  mill  to 
work  out  certain  details  best  suited  to  its  own  special  conditions.  At 
the  Lyon  mill  tests  were  being  made  continually  to  determine  what 
modifications  were  required  by  the  varying  character  of  the  tailings, 
and  no  trouble  was  spared  to  make  these  tests  accurate.  No  experi- 
ment was  considered  satisfactory  unless  sufficient  material  had  been 
treated  to  give  lesults  in  bullion.  Hence,  a  week's  run  at  least  was 
made  in  each  instance,  and  often  a  month  was  taken  to  complete  a 
test.  Moreover,  as  an  exact  knowledge  of  the  results  which  were 
being  obtained  in  actual  practice  was  considered  a  necessary  basis  for 
all  etifbrts  at  improvements,  great  pains  were  taken  to  determine 
accurately  the  amounts  and  values  ol"  the  material  worked. 
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All  the  slimes,  being  purchased,  were  of  course  weighed.  The 
sand  was  measured  by  car-loads.  To  decide  the  weight  of  a  load,  in 
the  beginning  1200  weighed  tons  were  hauled,  and  check-tests  were 
made  subsequently  from  time  to  time. 

To  determine  the  values,  a  scoopful  of  material  was  taken  from 
each  car  and  put  in  a  box.  At  the  end  of  each  day  the  sample  thus 
collected,  marked  with  the  date  and  the  number  of  carloads,  was 
thoroughly  mixed  and  its  moisture  determined.  Sometimes,  these 
samples  were  assayed  each  day  for  gold  and  silver,  but,  usually, 
amounts  proportioned  to  the  number  of  loads  were  weighed  out 
daily  and  the  assays  made  once  a  week. 

Four  samples  were  taken  daily  from  the  mill — one,  of  the  sand 
worked  in  the  large  pans;  another,  from  the  large  settlers  ;  a  third, 
of  the  slime-charges  of  the  small  pans  ;  and  a  fourth,  from  the  small 
settlers. 

In  getting  the  settler-samples,  a  dipperful  was  taken  from  near 
the  surface  of  the  charge  just  before  each  plug  was  jiulled,  and 
poured  into  large  buckets.  At  the  end  of  the  day,  after  thorough 
settling,  the  supernatant  water  was  siphoned  off  carefully,  and  the 
residue  dried  for  assay.  This  method  seems  preferable  to  the  more 
usual  way  of  taking  the  sample  from  the  material  as  it  runs  out  of 
the  plug-holes.  At  Dayton,  the  percentage  of  yield,  calculated  from 
the  settler-assays,  did  not  usually  differ  from  that  obtained  by  the 
bullion-product  by  more  than  one-hundredth  of  the  assay-value  of 
the  material  milled. 

Ten  one-ounce  assays  were  made  of  each  sample.  The  silver 
beads  obtained  by  cupellation  were  parted  in  two  sets  of  5  beads 
each,  giving  a  check-assay  of  the  gold,  in  weighable  quantities.  As 
the  assay-tables  used  (Taylor's)  were  calculated  for  half-ounce  assays, 
on  averaging  the  results,  any  error  was  divided  by  20.  This  gave 
most  8'  curate  results,  but  entailed  a  great  amount  of  work.  AVork, 
however,  was  not  spared  at  the  Lyon  mill. 

The  pans  all  ran  four  hours.  With  the  low-grade  material  treated, 
any  increased  product  arising  from  longer  amalgamation  was  more 
than  counterbalanced  by  the  increased  expense. 

While  the  pans  were  being  charged,  live  steam  was  introduced 
until  the  pulp  was  heated  to  a  degree  just  bearable  to  the  hand. 
No  advantage  was  derived  from  greater  heat;  on  the  contrary,  a 
higher  temperature  was  apt  to  volatilize  the  mercury,  which  occa- 
sionally was  found  condensed  in  the  caps  of  the  drivers.  This  was 
taken  as  proof  that  the  pans  had  been  run  too  hot. 
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The  salt  was  introduced  at  once  with  the  tailings,  and  the  bluestone 
was  added  about  half  an  hour  later.  After  the  pans  had  run  nearly 
an  hour,  and  the  pulp  had  been  brought  into  proper  condition,  the 
quicksilver  was  charged.    ^ 

The  amount  of  sulphate  of  copper  used,  while  varying  with  the 
different  materials  treated,  averaged  about  10  pounds  per  ton  for  the 
sand-pans,  and  20  pounds  per  ton  for  the  slinie-pans,  calculated  in 
terms  of  crystallized  bluestone.  Wh^n  the  loss  of  quicksilver  com- 
menced to  increase,  either  more  bluestone  or  more  acid  was  charged, 
accordino-  as  outside  conditions  made  it  more  convenient,  and  always 
with  improved  results.  The  useful  effect  in  such  cases,  I  am  inclined 
to  think,  was  due  to  the  excess  of  acid,  which  might  act  chemically 
or  mechanically  on  the  clay  in  the  mass.  It  is  possible  that  the  acid 
may  have  combined  with  the  clay  to  form  alum,  which,  according 
to  Malao-uti  and  Durocher,  acts  beneficially  in  amalgamation. 

From  '2  to  2}  pounds  of  salt  was  used  to  each  pound  of  bluestone. 
Careful  experiments  determined  decisively  that  no  better  results  were 
obtained  with  greater  proportions  of  salt,  and  that  it  was  not  safe 
to  use  less. 

The  quicksilver-charge  was  50  pounds  to  the  ton  for  all  tailings 
(sand  or  slime)  usually  coming  to  the  mill.  For  uncommonly 
rich  slimes  the  amount  was  increased. 

Much  stress  was  laid  on  having  the  pulp  in  the  pan  of  proper  con- 
sistency. Repeated  tests  had  shown  that  better  results  were  obtained 
with  a  thick  than  with  a  thin  pulp.  The  pulp  was  considered  thick 
when  it  would  drop  slowly  (not  run)  from  a  stick  which  had  been 
dij)ped  into  the  charge.  With  the  right  consistency,  the  mass  had 
a  slow,  rolling  motion,  and  the  quicksilver  could  be  seen  in  small 
globules  thoroughly  disseminated  throughout  it. 

In  1877,  a  long  series  of  exact  experiments  was  made  to  deter- 
mine this  question  afresh.  The  results  are  given  below.  The  column 
headed  "tons  per  charge,"  shows  the  relative  thickness  of  the  pulp. 
Seven  tests  were  made  with  sand,  and  six  with  slimes.  One  of  each 
(No.  3)  miscarried.  More  than  19,000  tons  of  sand,  and  nearly 
2200  tons  of  slime-charges  were  used  in  the  experinfents. 

In  every  test  a  much  larger  percentage  of  the  silver  was  extracted 
with  thick  pulp  than  with  thin  charges.  The  evidence  here  seems 
to  be  conclusive.  With  reference  to  the  gold,  the  results,  although 
not  decisive,  tend  in  the  same  direction.  With  the  richer  material 
(slime- charges)  a  gain  is  evident,  while  with  the  poorer  (sand)  the 
loss  per  ton  of  this  metal  seems  to  have  been  reduced  to  a  minimum 
with  both  thick  and  thin  pulp. 
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An  additional  argument  in  favor  of  thick  pulp  is,  that  in  a  given 
time  larcrer  amounts  of  material  can  be  treated,  and,  therefore,  an 
increased  production  obtained,  with  the  same  plant,  without  ma- 
terially increasing  the  working-expenses. 

One  possible  cause  of  the  greater  yield  of  thick  over  thin  charges 
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is  the  less  violent  agitation  of  the  quicksilver,  which  is  easily  floured 
by  excessive  churning.  Sucii  churning  does  not  occur  with  what  I 
consider  a  proper  consistency  and  movement  of  the  pulp,  but  the 
quicksilver  is  subjected  to  a  slow  rubbing,  which  tends  to  keep  it 
clean  and  perhaps  to  remedy  fouling — -just  as  the  amalgamator  when 
"hornino-"  a  charge  is  often  able  to  clean  and  collect  the  amalgam 
by  judicious  rubbing  with  the  thumb  or  finger. 

An  important  detail  of  amalgamation  is  the  management  of  the 
settlers.  The  usual  plan  in  silver-mills  is  to  have  only  one  settler 
to  a  pair  of  pans,  and  only  too  often  the  settler  is  left  to  take  care 
of  itself.  The  Lyon  mill  had  a  settler  for  each  pan,  an  arrange- 
ment conducive  to  better  extraction  of  the  precious  rqetals  and 
especially  to  the  saving  of  quicksilver.  When  a  charge  is  first  run 
o&  into  the  settler,  quite  a  large  amount  of  the  quicksilver  appears  to 
be  floured,  but  this  qua.ntity  constantly  decreases  as  time  passes — a 
fact  observable  by  the  aid  of  the  horn.  Moreover,  in  this  apparatus 
the  process  of  amalgamation  is  carried  on  to  a  considerable  extent, 
and  of  course  the  longer  the  time  the  more  opportunity  is  given  to 
the  quicksilver  to  settle. 

The  settlers  should  be  watched  as  carefully  as  the  pans.  With 
intelligent  care  and  proper  construction  they  can  be  run  off  clean, 
and  agitators  can  be  dispensed  with  in  treating  tailings. 

I  consider  that  a  larger  diameter  than  8  feet  is  not  desirable.  If 
greater  capacity  is  needed,  it  should  be  obtained  by  increasing  the 
height. 

The  quicksilver  needs  to  be  kept  clean.  For  this,  with  proper 
precautions«gainst  grease  and  similar  substances,  moderate  doses  of 
sodium  or  cyanide  of  potassium,  put  in  the  quicksilver  in  the  tanks, 
with  careful  and  repeated  sponging  of  the  surface  of  the  bath,  gener- 
ally prove  sufficient.  The  main  requisite  is  cleanliness,  which  in- 
cludes careful  handling.  Efforts  to  substitute  for  this  the  use  of 
various  chemicals  put  in  the  pan  have  always  proved  failures.  The 
proper  principle  is  to  keep  the  quicksilver  from  getting  dirty,  instead 
of  trying  to  clean  it  after  it  has  been  allowed  to  foul. 

At  Diiyton  the  loss  of  quicksilver  (from  all  causes)«averaged  only 
one-half  pound  to  the  ton,  being  somewhat  less  than  this  figure  for 
the  sand,  and  from  0.75  to  1  pound  for  the  slime-charges. 

The  fineness  of  the  bullion  did  not  average  much  over  150.  It 
may  be  said,  with  some  limitations,  that  the  best  results  were  ob- 
tained from  sand  when  the  bullion  was  about  150  fine;  and  from 
the  (richer)  slime-charges,  when    it  was    from   200   to   250.     This 
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standard  of  fineness  was  le.ss  than  that  arcopfed  by  tlie  other  mills, 
more  particularly  when  treating  richer  tailings.  But  after  the 
Dayton  refinery  was  cstablisliod,  nearly  all  the  mills  sent  their  base 
bullion  to  it  for  treatment  and  lowered  their  standard,  which  they 
were  then  able  to  do  without  any  lo.-^s  resulting  from  the  increased 
baseness  of  their  product.  In  the  cases  of  the  two  mills  (the  Lyon  and 
the  Omega)  which  had  refineries,  the  recovery  of  tiie  copper  in  the 
state  of  sulphate  and  the  increased  yield  of  the  tailings  much  more 
than  compensated  for  the  increased  amounts  of  bluestone  u.sed  in  the 
pans.  The  Omega  refinery  paid  for  itself  within  two  months  after 
starting,  and  afterwards,  as  was  the  case  at  Dayton,  yielded  a  re- 
spectable revenue;  for,  essentially,  the  whole  product  of  base  bullion 
at  the  Comstock  was  sent  to  the  two  establishments  for  refining, 
which  was  done  without  any  direct  charges. 

The  following  table  gives  the  co-t  per  ton  of  working  40,500 
tons  of  tailings  in  1876.  These  expenses  include  the  expenditures 
of  all  descriptions.  In  one  item  (hauling)  I  have  substitutt'd  the 
average  cost  incurred  in  the  following  year,  for  the  reason  that  the 
transportation-expenses  in  1876,  owing  chiefly  to  a  great  mortality 
among  the  horses,  were  much  above  the  general  average. 


Cost  per  Ton  of  Treating  46,500  Tons  of  Tailings. 


A . — Preparing  and  Hauling  Tailings : 

0  113  shifts  at  $1  51 

• 

"                "            whites 

0  012      "      at     3  003 

$0206 
0.102 
0.005 

0.125  shifts  at  S;L65... 

§0.313 

B.— Milling : 

0  113  shifts  at  $3  42... 

0.45  lbs.  at  62*cts 

2:^.7  lbs.  at  1.245  cts.... 

12.3  lbs.  at  4  cts 

3  1  lbs.  at  6^  cts 

(1.276  cords  at  $6.26.... 

0.385 

0.282 

0.2S6 

0.493 

0.205  • 

0.173 

0.121 

Salt 

Bluestone 

Fuel 

1.945 

C. — General : 

0.021 
0.013 
0.065 
0.016 
0.033 
0.069 

1 

Legal  exp.,  taxes  and  insiir'ce 



U.217 

$2,475 
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THE   DEPARTMENT    OF    METALLURGY   AND    ECONOMIC 

GEOLOGY  IN  THE  UNITED  SPATES  NATIONAL 

MUSEUM. 

BY  F.  P.  DEWEY,  WASHINGTON,  D.  C. 
{New  York  Meeting,  September,  1890.) 

The  first  systematic  attempt  of  the  National  Museum  to  gather 
material  representing  the  economic  geology  and  metallurgy  of  the 
country  was  made  in  connection  with  the  Centennial  Exhibition. 
The  department  may  be  considered  as  having  originated  then,  al- 
though it  was  not  formally  inaugurated  until  December,  1882. 
Previous  to  the  Centennial,  all  the  illustrations  of  economic  geol- 
ogy had  been  included  in  the  mineral  collection,  and  the  illustra- 
tions of  metallurgy  were  so  very  few  that  they  had  also  been  in- 
cluded with  the  minerals. 

When  the  museum  began  its  collections  for  the  Centennial,  the 
subject  of  the  mineral  resources  of  the  United  States  was  placed  in 
the  hahds  of  Professor  Wm.  P.  Blake,  who  was  eminently  fitted  to 
undertake  the  work  by  his  experience  at  various  international  exhi- 
bitions and  his  extensive  acquaintance  with  the  mining  industry  of 
the  country.  Professor  Blake  prepared  a  broad  and  exhaustive 
plan  for  this  purpose,  and  the  very  large  collection  shown  at  Phila- 
delphia was  well  calculated  to  set  forth  the  vast  mineral  wealth  of 
the  country. 

The  history  of  the  department  proper  may  conveniently  be  di- 
vided into  three  periods  :  first,  the  formative  period,  during  which 
the  Centennial  material  was  mainly  administered  upon,  ending 
July  1,  1884,  with  the  beginning  of  the  preparation  for  the  New 
Orleans  Exposition;  second,  the  New  Orleans  Exposition  period, 
from  July  1,  1884,  to  June  30,  1887,  during  which  the  collections 
for  the  New  Orleans  Exposition  were  made,  exhibited  at  New  Or- 
leans, returned  to  Washington,  and  installed  ])ermanently  in  the 
museum;  third,  the  southwest-court  period,  from  July  1,  1887,  to 
October  1,  1889,  during  which  the  collections  were  arranged  in  the 
southwest  court  of  the  museum. 
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The  first  attempt  to  bring  the  collections  systematically  into  con- 
dition for  exhibition  was  made  in  1882.  In  Jnly  of  that  year  the 
writer  was  detailed  to  make  a  preliminary  examination  of  the  mate- 
rial, and  on  the  first  of  December  was  formally  appointed  curator. 

On  account  of  the  lack  of  proper  facilities  in  Washington  for  the 
exhibition  of  these  collections,  they  were,  for  the  most  part,  stored 
in  boxes  after  the  close  of  the  Centennial  until  the  new  building 
was  so  far  advanced  as  to  permit  their  being  unpacked  and  arranged 
therein. 

Attention  was  first  given  to  the  arrangeraeht  of  the  vast  collec- 
tion of  ores.  This  was  found  to  be  very  full  and  complete,  illus- 
trating every  mining  locality  in  the  country  of  any  prominence  in 
1876,  and  being  especially  rich  in  the  ores  of  precious  metals  from 
the  western  states. 

The  illustrations  of  metallurgy  exhibited  at  Philadelphia  were 
very  elaborate;  but,  owing  to  the  fact  that  many  of  the  specimens 
were  examples  of  final  products  finished  in  the  highest  manner  pos- 
sible, and  were,  in  most  cases,  examples  of  metal-working  rather  than 
metal-production,  the  collections  were  not  at  all  systematic  or  com- 
plete. The  specimens  were  just  such  as  would  be  naturally  ex- 
pected at  an  exposition,  being  noteworthy  rather  for  their  beautiful 
appearance  than  as  showing  the  steps  in  the  process  by  which  they 
had  been  produced  from  the  raw  material. 

Much  time  and  attention  was  absorbed  in  preparing  a  suitable 
card-catalogue  of  the  collections.  In  the  case  of  ores,  besides  the 
usual  information  as  to  locality,  the  mineralogical  composition  of 
each  specimen  was  recorded.  The  general  rule  followed  in  this 
work  was  to  determine  and  name  every  mineral  plainly  visible  uj)on 
the  specimen,  and  while  in  some  cases  other  minerals  might  be  (and, 
indeed,  have  been  since)  discovered,  yet  no  name  was  put  upon  the 
card  unless  the  mineral  was  undoubtedly  present. 

The  coal-collections  were  entirely  rearranged  and  consolidated. 
These  had  at  one  time  been  the  most  satisfactory  part  of  the  depart- 
ment; but  many  of  the  soft  and  easily  decomposed  coals  had  disin- 
tegrated, and  were  no  longer  fit  for  exhibition.  Fully  one-half  of 
the  material  had  to  be  thrown  away. 

A  plan  was  suggested  for  carr3Mng  on  a  series  of  tests  of  the 
steaming  power  of  the  different  fuels  of  the  country,  which  should 
also  include  the  formation  of  a  large  systematic  collection  for  exhi- 
bition. 

At  the  close  of  the  Centennial,  many  of  the  foreign  governments 
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presented  their  entire  exhibits  to  the  museum,  while  otliers  pre- 
sented portions  of  their  exhibits.  Many  private  exhibitors  did  the 
same.  This  department  received  a  considerable  amount  of  material 
from  such  sources,  among  which  should  be  mentioned  the  large 
and  complete  collection  of  the  ores  and  metallurgical  products  of 
the  Krupp  Works  at  Essen,  Germany  ;  the  large  and  complete  illus- 
tration of  the  mineral  resources  of  Spain  ;  a  full  illustration  of  the 
mineral  resources  of  Portugal,  especially  rich  in  tin  and  antimony 
material;  a  small  but  interesting  collection  from  Sweden,  containing 
much  systematic  metallurgical  material  ;  large  and  complete  illus- 
trations of  the  mineral  resources  of  the  British  Colonies,  especially 
Australia,  which  are  very  rich  in  gold  and  tin  specimens;  a  com- 
plete and  interesting  illustration  of  the  mineral  resources  and  metal- 
lurgy of  Japan  ;  and  from  Russia  a  considerable  amount  of  mate- 
rial, representing  both  the  mineral  resources  of  the  country  and 
some  of  the  metallurgical  operations  carried  on  there. 

This  brings  us  to  July  1,  1884,  the  close  of  what  might  properly 
be  called  the  first  or  formative  period  of  the  department;  with 
regard  to  which  the  following  statistics  may  be  of  interest :  There 
had  been  made  upon  the  book-record  9670  entries,  covering  15,087 
specimens.  There  had  been  8235  entries  upon  the  card-catalogue 
covering  13,041  specimens;  and  upon  the.se  the  writer  had  made 
9265  determinations  of  mineral  species.  The  exhibition  series  em- 
braced 9500  specimens.  There  had  been  received  202  accessions 
containing  1642  specimens. 

During  this  period  the  following  notable  accessions  were  received: 
An  interesting  collection,  representing  the  recent  deposition  of 
sulphur  and  sulphide  of  mercury  at  Sulphur  Bank,  California,*  as 
observed  by  Prof.  Joseph  Leconte ;  a  large  series  of  cokes  from  nearly 
every  coke-making  center  of  the  United  States  and  England  ;  two 
series  of  specimens  representing  the  production  of  pig-iron  of  remark- 
able strength,  one  from  the  Wassaic  furnace,t  New  York,  the  other 
from  the  Muirkirk  furnace,^  Maryland ;  a  complete  illustration  of 
the  operations  of  the  Colorado  Coal  and  Iron  Company  at  South 
Pueblo,  Colorado,  in  the  manufacture  of  steel  rails,  nails  and  other 
articles;  a  collection  of  the  iron-ores  of  California,  and  also  a  collec- 
tion of  copper  and  other  ores  frx)ra  the  Lake  Superior  region,  the 
latter  being  particularly  valuable  from  a  historical  standpoint;  a 

*  See  Am.  Jour.  Sci.,  3d  series,  vol.  xxiv.,  p.  23  ;  vol.  xxv.,  p.  424;  vol.  xxvi., 
p.l. 

t  See  Trans.,  xii.,  91  and  520.  J  See  Trans.,  xvii.,  460. 
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collection  of  about  600  specimens,  representing  the  process  of  manu- 
facture of  bolts,  nuts  and  washers  by  machinery,  together  with  the 
various  commercial  sizes  of  these  articles  ;  and  a  very  interesting 
collection,  representing  the  manufacture  of  busheled  or  refined  iron 
from  scrap-material. 

By  far  the  most  interesting  and  valuable  single  collection  received 
up  to  this  time  is  the  extensive  collection  of  iron-ores  made  in  con- 
nection with  the  Tenth  Census,*  under  the  direction  of  Prof.  R. 
Pumpelly.  This  collection  represented  the  occurrence  of  iron-ore  at 
every  mine  of  importance  that  was  worked  during  the  census  year. 
Carefully  selected  samples  were  also  taken  for  analysis,  and  the  pow- 
dered material  for  this  purpose  accompanied  the  hand-specimens. 
The  whole  collection  comprises  about  4000  specimens. 

As  pointed  out  in  the  annual  reports  of  the  department,  the  repre- 
sentations qf  metallurgical  processes  were  the  weakest  portions  of  the 
Centennial  collections.  This  is  a  matter  requiring  the  collection  of 
systematic  series,  in  which  the  various  specimens  are  interdependent. 
The  collections  need  not  necessarily  be  at  all  showy,  and  it  is  there- 
fore not  surprising  that  the  Centennial  material  should  have  been 
deficient  in  this  respect.  Fortunately,  however,  the  necessity  of  col- 
lecting new  material  for  the  New  Orleans  Exposition  furnished  the 
much-desired  opportunity  of  strengthening  the  collections  in  this 
direction. 

It  is  not  easy  to  get  collections  of  this  kind.  Few  owners  of 
mines  or  works  will  take  the  necessary  trouble  to  make  up  complete 
series,  and  those  who  do  so,  are  in  many  cases  unwilling  to  furnish 
the  information  necessary  to  confer  upon  the  specimens  the  highest 
educational  and  scientific  value. 

The  design  in  collecting  for  the  New  Orleans  Exposition  was  to 
commence  first  with  the  ore  and  take  series  of  specimens  in  the  mine  at 
various  points,  which  should  be  referred  to  some  central  starting-point, 
so  that  the  position  might  be  known  and  traced  up  afterwards  if 
desirable.  These  specimens  were  taken  to  show  the  various  charac- 
ters of  ore  produced  by  a  given  mine.  Again,  series  of  specimens 
were  taken  to  represent  the  changes  in  the  character  of  ore  encoun- 
tered in  going  up  and  down  the  mine,  and  also  in  going  through  it, 
both  lengthwise  and  crosswise.  The  enclosing 'wall-rocks  were  also 
thoroughly  represented. 

In  connection  with  this  collection  as  much  information  as  possible 

*  See  vol.  XV.,  Tenth  Census  Reports. 
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was  obtained  as  to  the  methods  of  mining,  and  the  customs  of  the 
miners. 

After  the  ore  was  extracted  from  tlie  mine  it  was  followed  through 
any  process  of  concentration  to  which  it  was  subjected,  such  as  simple 
washing,  or  crushing  and  jigging.  Each  step  in  these  operations 
was  represented,  when  practicable,  by  specimens  of  the  material 
forming  the  basis  of  the  operation,  and  by  the  valuable  and  the  waste 
products.  To  the  material  as  prepared  for  smelting  were  added 
illustrations  of  all  other  materials  entering  into  the  smelting-opera- 
tion,  such  as  fuels  and  fluxes.  Each  step  in  the  smelting  was  illus- 
trated by  the  different  materials  entering  into  the  operation,  and  by 
all  its  products.  This  was  followed  through  a  given  mine  or  works, 
and,  if  practicable,  on  through  other  works,  until  the  material  reached 
the  final,  merchantable  form.  These  collections  were  supplemented 
with  all  the  information  which  could  be  got  in  the  way  of  statistics, 
plans,  drawings,  and  views  of  mines  and  works.  In  some  cases  the 
collectors  themselves  took  photographs,  and  in  other  cases  local 
photographers  were  engaged  to  do  so.  As  the  result  of  much  effort 
in  this  direction,  a  very  large  collection  of  photographs  illustrating 
mining  and  metallurgy  has  been  secured,  including  many  drawings, 
sketches,  and  specimens  of  tools.  I  need  hardly  say  that,  aside  from 
the  exhibition-value  of  such  systematic  collections  in  metallurgy, 
they  open  a  wide  field  for  research  in  the  laboratory. 

In  selecting  specimens  it  was  designed  to  take,  not  specially  hand- 
some or  rich  ores,  but  rather  such  as  represented  the  actual  character, 
occurrence,  and  value  of  the  ores.  Collections  made  in  this  way 
have  far  more  value  for  the  museum  than  the  hap-hazard  exhibits 
of  showy  specimens  usually  found  in  such  institutions. 

The  collections  made  for  the  New  Orleans  Exposition  could  not 
possibly  cover  the  whole  ground.  In  fact,  the  work  was  mainly 
preliminary  ;  but  it  was  hoped  that  the  results  obtained  would  be  of 
sufficient  value  to  warrant  an  extension  of  the  number  of  such  illus- 
trations, and  the  inauguration  of  a  system  of  collecting  which  would 
add  largely  to  the  material  on  hand,  and  in  time  make  the  collec- 
tions in  metallurgy  compare  favorably  with  those  now  in  the  museum 
in  the  line  of  economic  geology. 

The  collections  sent  to  the  New  Orleans  Exposition  were  briefly 
described  in  Circular  No.  31,  Proceedings  United  States  National 
Museum,  1884;  and  more  fully  in  the  annual  report  of  the  depart- 
ment for  1884.*  They  formed  the  basis  of  the  present  systematic 
*  Smithsonian  Report,  1884,  Pt.  II.,  p.  248. 
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collections  in  economic  geology  and  metallurgy,  and  will  ho  men- 
tioned in  describing  these  collections. 

In  this  connection  the  first  serious  attempt  was  made  at  preparing 
standard  sets  of  printed  labels  for  the  exhibition-series  of  the  depart- 
ment, and  about  1500  were  prepared.  The  forms  adopted  at  that  time 
have  been  more  or  lens  adhered  to  in  the  preparation  of  labels  since, 
although  the  system  has  been  developed  to  iHclude  several  classes, 
which  were  not  called  for  at  that  time.  After  getting  the  material 
of  the  department  under  tolerably  good  control,  the  preparations  of 
labels  became  one  of  the  most  pressing  needs,  and  at  the  same  time 
one  of  the  most  difiScult  to  fill. 

At  the  close  of  the  New  Orleans  Exposition  much  new  material 
was  added  to  the  museum  collections  from  the  exhibits  shown  there. 
In  this  way  several  gaps  in  the'  collections  were  filled,  particularly 
representations  of  regions  that  had  come  into  prominence  since  the 
Centennial.  Much  very  valuable  material  was  secured  from  the 
Mexican  exhibits. 

At  the  close  of  the  Centennial  in  1876,  the  gratitude  of  foreign 
governments  and  private  exhibitors  for  courtesies  received  from  the 
American  Institute  of  Mining  Engineers,  found  expression  in  the 
donation  to  the  Institute  of  many  valuable  collections.  These  were  for 
some  time  kept  in  Philadelphia,  and  finally  transfered  to  the  National 
Museum.'*'  These  collections  were  particularly  rich  in  illustrations 
of  foreign  practice  in  metallurgy. 

Upon  the  return  of  the  exhibits  shown  at  the  New  Orleans  Ex- 
position it  was  decided  to  expand  these  collections,  and  install  them 
in  the  West  Hall  of  the  Museum.  During  the  work  of  arrange- 
ment a  complete  series  of  labels  was  prepared,  and  a  preliminary 
descriptive  catalogue  of  the  collections  was  begun.  The  ore-series 
Mas  completely  reorganized  and  greatly  enlarged  by  the  addition  of 
many  specimens.  The  metallurgical  series  received  some  valuable 
additions,  especially  a  collection  from  the  Colorado  Smelting  Com- 
pany, South  Pueblo,  Colorado. 

This  brings  us  to  the  close  of  the  New  Orleans  period,  June  30, 
1887.  During  this  period  there  were  made  upon  the  book-catalogue 
12,690  entries,  covering  16,565  specimens;  there  were  made  upon 
the  card-catalogue  8175  entries,  covering  10,500  specimens;  and 
upon  these  the  writer  made  5000,  and  Mr.  H.  J.  liiddle  2400,  deter- 
minations of  mineral  species  in  the  ores. 

*  See  Trans.,  v.,  25,  37  ;  viii.,  6,  280,  284  ;  x.,  243. 
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There  had  been  received  581  accessions  containing  16,338  speci- 
mens. Besides  those  received  in  connection  with  the  New  Orleans 
Exposition,  two  valuable  accessions  were  received  from  the  Boston 
and  Colorado  Smelting  Works  at  Argo,  Colorado,  the  first  being  a 
complete  illustration  of  the  Ziervogel  process*  for  the  extraction  of 
silver  from  copper-ores,  which  contains  a  large  series  of  the  ores 
treated,  including,  besides  the  strictly  Ziervogel  ores,  a  variety  of 
smeltin^-ores,  the  various  mattes  and  slags  produced,  and  the  silver 
as  precipitated  by  metallic  copper;  and  the  second  collection  being 
a  very  interesting  series  of  gold  and  bismuth  alloys.f 

The  total  number  of  specimens  in  the  collection  was  about  49,000, 
of  which  18,000  were  on  exhibition,  12,000  being  duplicates  and 
7000  reserves.  The  remainder  consisted  of  specimens  as  yet  un- 
administered  upon,  which  were  classed  with  the  reserve  material. 

When  it  was  decided  to  remove  the  entire  exhibit  of  the  depart- 
ment into  the  southwest  court  of  the  museum,  the  systematic  collec- 
tions, now  in  very  good  condition,  were  moved  bodily  and  without 
any  material  changes,  into  the  western  half  of  the  court. 

For  the  purpose  of  installing  the  American  geographical  ore-series 
a  lono-  case  was  constructed  running  around  the  whole  of  the  outside 
of  the  court.  The  ore-series  was  thoroughly  overhauled  and  installed 
in  this  case. 

After  the  opening  of  the  court,  the  descriptive  catalogue  of  the 
systematic  collections  was  revised,  and  the  collections  were  somewhat 
enlarged. 

This  brings  us  to  the  close  of  the  writer's  connection  with  the 
department,  October  1,  1889. 

During  this  last  period  there  were  made  upon  the  book-catalogue 
2274  entries,  covering  3348  specimens,  and  upon  the  card-catalogue 
7253  entries,  covering  8053  specimens ;  225  accessions,  containing 
3203  specimens,  were  received.  Specially  noteworthy  among  these 
were  the  three  following: 

Two  of  them  are  collections  of  petroleums.  The  first  was  made 
for  the  museum  by  Prof.  S.  F.  Peckham,  of  Providence,  Rhode 
Island,  who  prepared  the  Tenth  Census  report  upon  petroleum.| 
By  the  connections  formed  while  making  this  report  he  was  enabled 
to  gather  many  specimens,  especially  those  of  hi.storical  value,  which 
otherwise  it  would  have  been  impossible  to  obtain.     The  collection 

*  See  Trans.,  iv.,  276.  f  See  Trcms ,  xiii.,  738. 

X  See  vol.  X.,  Tenth  Census  Eeports. 
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numbers  350  specimens,  and  illustrates  very  fully  the  occurrence  of 
crude  petroleum  in  this  country,  besides  containing  some  representa- 
tives of  foreign  petroleums.  A  very  complete  illustration  of  the 
technology  of  the  subject  is  included  in  this  collection. 

The  second  was  a  collection  of  129  specimens  received  from  Prof 
J.  J.  Stevenson,  of  New  York.  While  the  specimens  in  this  col- 
lection are  mostly  small,  it  constitutes  a  valuable  complement  to  the 
Peckham  collection,  in  which  it  fills  several  gaps. 

The  third  was  a  complete  illustration  of  the  quicksilver  industry 
at  New  Almaden,  California,  comprising  a  full  series  of  the 
different  characters  of  ores,  together  with  the  associated  minerals 
and  rocks  of  the  deposit;  a  complete  illustration  of  the  process  of 
extracting  the  metal ;  a  very  extensive  and  interesting  series  of 
views  in  and  about  the  mines  and  works  (including  a  few  under- 
ground pictures  which  are  especially  valuable);  a  large  number  of 
publications  relating  to  the  history  and  development  of  che  mines, 
and  a  very  interesting  and  instructive  glass  model  of  the  mine, 
showing  the  contour  of  the  surface  and  the  underground  mine-work- 
ings. 

Two  im{)ortant  collections  were  turned  over  to  the  department  by 
the  United  States  Geological  Survey.  One  of  them,  embracing 
539  specimens,  was  collected  by  Mr.  J.  S.  Curtis,  in  preparing  his 
report  on  the  silver-lead  district  of  Eureka,  Nevada;*  the  other  was 
a  very  extensive  collection,  embracing  733  specimens,  collected  by 

Mr.  S.   F.  Emmons,  in  preparing   his  report  upon  the  geology  of 

Leadville,  Colorado. f 

Of  the  specimens  sent  to  this  department  in  the  ordinary  way 

there  is  little  that  is  of  any  value  to   the  museum.     They  are,  for 

the  most  part,  sent  for  examination  and  report. 

The  total   number  of  specimens  in  the  department,  October  1, 

1889,  was  estimated  at  51,000,  of  whieh  10,000  were  on  exhibition, 

15,000  were  duplicates  and   12,000  were  reserves,  the  remainder 

consisting  of  unclassified  material  which  is  considered  as  being  in 

the  reserve  series. 

Systematic  Collections  in  Economic  Geology  and  Metal- 
lurgy. 

Of  the  exhibition  series,  3691  specimens  constitute  the  systematic 
collections  in  economic  geology  and  metallurgy. 

*  Monograph  vii.,  U.  S.  Geol.  Survey. 
t  Monograph  xii.,  U.  S.  Geol.  Survey. 
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These  sliow  in  tlie  case  of  each  metal,  fii'st  the  series  of  minerals 
in  which  the  metal  forms  an  important  constituent.  The  specimens 
are  selected  to  show  each  mineral  in  its  best  perfection,  in  order  that 
it  may  be  seen  just  how  the  metals  occur  in  the  ore. 

The  next  step  is  a  series  of  ores  selected  to  show  the  material 
actually  mined,  and  the  minerals  associated  with  the  ore.  In  the 
case  of  the  base  metals,  there  may  not  be  much  difference  between 
the  ore-specimens  and  the  mineral  specimens,  except  the  greater 
purity  and  perfection  of  the  latter.  An  ore,  however,  may  contain 
several  minerals  of  the  same  or  of  different  metals,  especially  alter- 
ation-products of  indefinite  composition. 

In  the  case  of  the  predious  metals,  there  may  be  a  wide  difference 
between  the  two  kinds  of  specimens,  according  to  the  manner  of 
occurrence  of  the  valuable  portion  of  the  ore.  One  part  of  silver, 
for  instance,  distributed  through  a  thousand  parts  of  foreign  mate- 
rial, may  constitute  a  paying  ore.  If  this  one  part  be  distributed 
more  or  less  evenly  throughout  the  whole  mass,  it  will  not  be  pos- 
sible to  detect  any  silver  mineral  in  the  ore.  But  if  the  same  per- 
centage of  silver  should  be  concentrated  in  separate  portions  of  the 
mass,  it  might  be  possible  to  pick  out  distinctively  silver  minerals. 

The  same  observations  apply  to  gold,  but  in  a  much  greater 
degree,  since  gold  is  so  much  more  valuable,  and,  in  some  cases,  can 
be  extracted  at  much  less  expense  than  silver. 

Frequently  an  ore  contains  more  than  one  valuable  metal.  In 
many  cases  long  and  costly  operations  are  required  to  separate  the 
different  metals,  while  in  others  their  separation  is  quite  easy. 
Sometimes  a  useful  alloy  can  be  smelted  directly  from  ores  containing 
more  than  one  metal.  These  compound  ores  are  j)articularly  interest- 
ing; but  they  do  not  lend  themselves  to  any  system  of  classification. 

After  the  ore  is  mined  it  is  frequently  subjected  to  some  kind  of 
concentration  to  prepare  it  for  smelting.  This  varies  from  simj)le 
sorting  by  hand,  whereby  much  worthless  material  is  removed,  to 
very  elaborate  treatment  by  machinery,  whereby  the  valuable  por- 
tion of  the  ore  is  concentrated  to  a  smaller  volume  and  weight, 
generally  with  a  loss  of  a  portion  of  the  valuable  constituents,  and 
the  waste  material  is  rejected.  In  some  cases,  ores  of  different 
metals  occurring  together  are  separated  from  each  other  by  simple 
mechanical  treatment.  Illustrations  of  these  processes  form  the 
next  step  in  the  series,  and  comprise  the  ore  as  mined,  and  the  pro- 
ducts of  each  step  in  the  dressing,  including  both  the  valuable  and 
the  waste  products. 
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The  final  step  of  the  series  represents  the  processes  of  extracting 
tlie  metals  from  their  ores,  and  converting  them  into  useful  forms. 
These  collections  hiclude  the  ores,  fuels,  fluxes  and  all  other  mate- 
rials entering  into  the  operation,  and  its  useful  products,  waste-pro- 
ducts, and  by-products.  To  these,  in  many  cases,  are  added  various 
accessories,  such  as  materials  of  construction  and  tools.  Where  there 
are  different  stages  in  the  operation,  each  stage  is  fully  represented. 

The  non-metallic  ores  are  treated  in  the  same  general  way  as  the 
metallic  ores. 

The  collections  described  are  but  a  beginning,  and  while  gener- 
ally complete  in  themselves,  will  require  many  additions  before  they 
can  be  considered  as  approximately  covering  the  whole  field  of  the 
economic  geology  and  metallurgy  of  the  United  States. 

Metallic  Ores. 

The  mineralogy  of  gold  is  illustrated  .by  twenty-nine  specimens. 
Of  these,  twenty-eight  represent  free  gold,  and  one  sylvanite.  Of 
the  free  golds,  ten  represent  placer-gold.  This  series  begins  with  a 
well-crystallized  specimen  that  is  only  slightly  water-worn,  and  con- 
tinues through  various  degrees  of  rounding  to  a  well-worn  nugget, 
weighing  an  ounce.  Fifteen  specimens  represent  quartz-gold,  begin- 
ning with  crystals  in  a  cavity  in  fresh  quartz,  and  following  through 
various  steps  of  crystallization  of  the  gold  and  decomposition  of  the 
matrix  to  a  natural  alloy  of  gold  and  silver  in  wholly  decomposed 
material.  Two  specimens  of  crystallized  auriferous  pyrite  rei)resent 
sulphuret-gold,  and  a  single  specimen  represents  auriferous  slate. 

The  gold-ores  are  divided  into  placer-,  quartzose  ,  sulphuret-, 
telluride-  and  fusion-ores.  Besides  the  placer-golds  in  the  mineral 
series,  five  specimens  illustrate  hydraulic  gravels,  varying  from 
characteristic  samples  to  very  rich  specimens,  containing  several 
flakes  of  visible  gold.  Nine  specimens,  in  addition  to  the  quartz- 
gold  in  the  mineral  collection,  illustrate  quartzose  ores.  These  begin 
with  very  pure  white  quartz  and  follow  through  increasing  amounts 
of  other  minerals,  particularly  sulphides,  in  the  quartz,  to  a  specimen 
containing  large  amounts  of  pyrite,  chalcopyrite,  galena  and  blende. 
The  quartzose  ores  graduate  insensibly  into  the  sulphuret-ores,  and 
the  two  really  form  one  series.  The  ten  sulphuret-ores  begin  with 
pyrite  and  quartz,  and  run  through  to  pure  sulphides;  decomposed 
sulphides  follow,  and  the  series  closes  with  two  specimens  of  mis- 
pickel.  Five  specimens  illustrate  the  tellu ride-ores  from  Boulder 
county.  Col.     No  special  collection  of  fusion-ores   is  shown,  since 
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they  are  simply  auriferous  varieties  of  the  ores  of  other  metals  with 
which  they  are  shown.  Good  illustrations  are  found  in  the  Argo 
and  Newark  collections. 

The  extraction  of  gold  from  its  ores  is  illustrated  by  three  collec- 
tions. The  operation  of  the  hydraulic  process  is  illustrated  by  9 
specimens  from  the  North  Bloorafield  gravel-mine,  California;*  the 
stamping  and  amalgamating  of  sulphuret-ores  by  7  specimens  from 
the  Bobtail  mill,  Black  Hawk,  Col.;t  and  the  extraction  of  gold, 
silver  and  cop[)er  in  a  complex  operation  by  15  specimens  from 
Balbach's  Newark  Smelting  and  Refining  Works,  New  Jersey. 
This  collection  is  especially  interesting  as  showing  the  refining  of 
copper  and  separation  of  the  precious  metals  by  the  electric  current. 

The  application  of  gold  is  illustrated  by  11  specimens  showing 
the  manufacture  of  gold-leaf. 

Seven  specimens  illustrate  iridosmine.  Of  these,  four  show  the 
original  sand,  and  the  gold  dust,  iridosmine  and  black  sand  sepa- 
rated by  washing. 

The  mineralogy  of  silver  is  illustrated  by  36  specimens,  including 
all  the  ordinary  silver  minerals. 

The  silver-ores  are  divided  into  milling-  and  smelting-ores;  these 
again  are  subdivided  into  free-milling  and  roasting-milling,  and 
silver-smelting  and  silver-lead-smelting.  A  few,  such  as  leaghing- 
ores  and  argentiferous  copper-ores,  do  not  fall  into  this  classification. 
Thirteen  specimens  illustrate  the  strictly  free-milling  ores,  or  such 
as  readily  yield  to  stamping  and  amalgamation.  These  carry  mostly 
free  silver  or  cerargyrite.  Twelve  specimens  illustrate  free-milling 
ores  which  require  the  use  of  chemicals  in  the  pan;  of  these,  8  are 
characteristic  ores  from  the  Comstock  lode.  Ores  requiring  roasting 
before  milling  are  illustrated  by  5  specimens,  and  a  complete  series 
from  the  Ontario  mine,|  Park  City,  Utah.  This  latter  collection 
contains  19  specimens  selected  by  Captain  Keith.  Besides  some 
general  characteristic  specimens,  it  includes  a  section  along  the  5th 
level  and  two  sections  across  the  vein  on  the  6th  level.  No  good 
illustrations  of  silver-smelting  ores  were  available,  and  the  silv^er- 
lead-smelting  ores  are  shown  under  lead. 

Tiie  extraction  of  silver  from  roasting-milling  ores  is  well  illus- 
trated by  two  collections  made  by  the  writer.  The  first,  comprising 
30  specimens  from  the  Ontario  mill,|  illustrates  every  stop  in  the 


*  See  Trans.,  vi.,  31  et  seq. 

t  See  Trans.,  ix.,  97  ;  xi.,  40  et  seq. 

X  See  Trun-f.,  viii.,  551  ;  xiii.,  (16  c/  i^cq. 


PEPARTJIENT    OF    METALLURGY    IN    THE    U.    S.    MUSEUM.        243 

process  from  the  time  the  ore  is  dumped  upon  the  grizzly  until  the 
bullion  is  shipped  by  express,  and  the  tailings  are  turned  to  waste. 
The  second  collection  represents  in  the  same  full  way,  with  17  speci- 
mens, the  o[)eration  of  the  Moulton  mill  at  But^e,  Montana. 

The  treatment  of  argentiferous  copper-ores  is  illustrated  by  a  col- 
lection of  32  sj)ecimens  from  the  Argo  works,  Colorado,  selected  by 
Mr.  Pcarce.  This  collection  is  particularly  valuable  on  account  of 
the  assays  and  analyses  accompanying  the  specimens. 

The  mineralogy  of  lead  is  illustrated  with  14  specimens  of  sul- 
phide, sulphate  and  carbonate. 

Silver-lead  ores  are  illustrated  by  57  specimens.  This  series 
begins  with  roughly  crystallized  galena,  showing  the  characteristic 
cleavage,  and  follows  through  several  varieties  of  galena  to  the 
beginning  of  decomposition,  and  then  through  to  complete  decom- 
position, resulting  in  cerussite  and  anglesite.  The  association  of 
galena  with  other  sulphides  is  well  illustrated,  and  a  large  collection 
of  characteristic  samples  of  cerussite  closes  tlie  series. 

The  smelting  and  refining  of 'base  bullion  is  illustrated  in  three 
collections,  from  the  Colorado  Smelter,  South  Pueblo,  Col.:  the 
Cheltenham  works,  St.  Louis,  Mo.;  and  the  Kansas  City  Smelting 
and  Refining  Works,  Argentine,  Kansas. 

The  collection  from  the  Colorado  Smelter  contains  59  specimens 
selected  by  Mr.  Eilers.  It  contains  a  full  suite  of  the  ores,  fuels 
and  fluxes  used,  the  bullion  and  slag  produced,  and  a  variety  of  by- 
products, matte,  speiss,  flue-dust,  accretions,  etc.  The  value  of  the 
specimens  in  this  case  has  been  greatly  enhanced  by  the  large 
amount  of  information  kindly  furnished.  The  course  of  the  opera- 
tion has  been  fully  described  and  platted.  Nearly  every  specimen 
is  accompanied  by  a  careful  and  complete  analysis.  Numerous 
photographs  show  the  disposition  of  the  works.  Taken  as  a  whole, 
this  eollection  is  an  excellent  example  of  what  such  collections 
should  be.  The  refining  of  base  bullion  is  illustrated  by  a  collec- 
tion of  18  specimens  from  the  Cheltenham  works.  The  smelting  ot 
a  charge  containing  a  large  proportion  of  oxidized  ores,  using  iron 
to  reduce  the  sulphide,  and  the  subsequent  refining  of  the  base  bul- 
lion, are  illustrated  by  13  specimens  from  the  Kansas  City  works. 

The  southeastern  Missouri  lead-region  is  well  represented  by  two 
collections,  one  containing  30  specimens  from  the  St.  Joe  works, 
and  the  other  29  specimens  from  the  Desloge  works.  Tiiese  are 
particularly  interesting  as  illustrating  two  distinct  methods  of  sepa- 
rating the  galena  from  the  limestone,  through  which  it  occurs  dis- 
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seminatcd.  At  the  St.  Joe  works,  the  crushed  material  is  de- 
livered directly  to  the  jigs  without  any  sizing,  while  at  the  Desloge 
works,  sizing  is  very  carefully  done.  Mr.  Kemp,  who  made  these 
collections,  has  described  the  two  mills  in  the  School  of  Mines 
Quarterhj*  A  series  of  28  specimens  illustrates  the  smelting  of 
galena  with  the  recovery  of  the  fume  as  a  white  paint  at  the  Lone 
Elm  works,  Joplin,  Missouri.  The  writer  has  fully  described  these 
works  in  a  paper  before  the  Institute.f  The  application  of  lead  is 
illustrated  by  11  specimens  showing  the  Dutch  process  of  making 
white  lead. 

The  mineralogy  of  copper  is  illustrated  by  22  specimens.  'All  the 
ordinary  copper  minerals  are  shown. 

The  ores  of  copper  are  divided  into  metallic,  oxidized  and  sul- 
phuret-ores.  The  metallic  copper-ores  are  very  well  represented  by 
collections  from  three  characteristic  Lake  Suj)erior  copper-mines,J 
"  mass,"  ''  amygdaloid  "  and  "  conglomerate."  The  mass-mines,  in 
which  copper  is  found  in  large  masses,  are  illustrated  by  a  collection 
of  31  specimens  from  the  Central  mine.  The  amygdaloid-mines,  in 
which  the  copper  occurs  disseminated  through  a  soft  amygdaloid 
rock,  are  illustrated  by  a  collection  of  61  specimens  from  the  Osceola 
mine  and  21  specimens  from  the  Osceola  mill.  The  conglomerate- 
mines,  in  which  the  copper  occurs  disseminated  through  a  hard 
ferruginous  conglomerate,  are  illustrated  by  61  specimens  from  the 
Delaware  mine  and  17  specimens  from  the  Delaware  mill.  These 
Lake  Superior  collections  were  made  with  great  care  for  the  Museum 
by  special  collectors.  The  location  of  nearly  eyery  specimen  within 
the  mine  was  carefully  noted,  and  the  collections  include  many  com- 
plete sections.  The  smelting  of  the  separated  copper  is  illustrated 
by  a  collection  of  17  specimens  from  the  C.  G.  Hussey  Works,§ 
Pittsburgh,  Pa.,  and  11  specimens  from  the  Lake  Superior  Native 
Copper  Works.  Taken  altogether,  these  seven  collections,  with  219 
specimens,  form  a  complete  illustration  of  the  Lake  Superior  copper- 
industry. 

Oxidized  and  sulphide-ores  are  shown  in  the  collections  from  the 
various  smelting-works. 

The  smelting  of  oxidized  ores  for  pig-copper  is  illustrated  by  14 
specimens  from   the  Copper  Queen   mine;  and  the  refining  of  this 


«  Vol.ix  ,  pp.74  and  212.    See  also  Prof.  Munroe's  paper  on  the  St.  Joe  Works, 
Trans.,  xvii.,  C59.  t  Trans.,  xviii.,  674. 

X  See  IVans.,  v.,  p.  584.  g  See  Trans.,  ix.,  p.  678. 
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|)iir  to  ingot  is  illustrated  by  19  specimens  from  the  Ansonia  Brass 
and  Copper  Company,  Ansonia,  Conn.  The  smelting  of  sulphide- 
ores  is  illustrated  by  eight  collections.  The  older  form  of  the  pro- 
cess is  illustrated  by  12  specimens  from  the  Vermont  Copper  Com- 
pany, Elv,  Vt. ;  23  specimens  from  the  Schuylkill  Copper  Works, 
Phoenixville,  Pa. ;  aud  14  specimens  from  the  Union  Mining  Com- 
pany, Ducktown,  Tenu.  A  newer  form  is  illustrated  by  8  speci- 
mens from  the  Orford  Works,  Bergenport,  N.  J.,  and  a  modification 
involving  a  long  roasting  of  the  matte  in  a  reverberatory  furnace, 
is  illustrated  by  34  specimens  from  the  St.  Genevieve  works,  Mis- 
souri. The  smelting  of  sulphide-ores  containing  silver  for  the  pro- 
duction of  a  rich  matte,  is  illustrated  by  three  collections  from  Butte, 
Montana.  Reverberatory  smelting  is  illustrated  by  16  specimens 
from  the  Montana  Smelter,  and  10  specimens  from  the  Parrott 
Smelter.  Shaft-furnace  smelting  is  illustrated  by  11  specimens 
from  the  Bell  Smelter.  The  treatment  of  copper-ores  by  the  Hunt 
&  Douglas*  wet  process,  is  illustrated  by  14  specimens  from  the 
Schuylkill  works,  Phoenixville,  Pa. 

The  a])plication  of  copper  is  illustrated  by  18  specimens,  showing 
more  particularly  the  rolling  of  copper. 

Seventeen  specimens  illustrate  the  mineralogy  of  iron. 

A  slightly  different  plan  was  followed  in  the  iron-ore  series. 
Since  we  were  fortunate  enough  to  have  such  a  complete  illustration 
of  the  iron-ores  of  the  country  in  the  Tenth  Census  collection,  we 
determined  to  utilize  it  in  this  connection.  Therefore,  the  iron-ore 
series  is  arranged  to  show  rather  the  geographical  distribution  of  the 
metal  than  the  scientific  classification  of  the  ores.  The  Tenth  Census 
iron-ore  collection  was  gathered  with  a  great  deal  of  care  and  trouble 
under  the  direction  of  Professor  R.  Pumpelly.  Besides  specimens 
of  each  characteristic  variety  of  ore  occurring  at  each  mine,  with  the 
associate  rocks,  it  includes  an  average  sample  for  analysis  ;  and  most 
of  the  samples  have  been  examined.  These  ores  have  been  described 
in  Vol.  XV.,  Tenth  Census.  The  whole  collection  numbers  about 
4000  specimens,  of  which  759  of  the  most  characteristic  have  been 
placed  on  exhibition.  In  several  cases,  the  associated  rocks  are 
shown.  A  few  illustrations  of  manganese-ores  are  naturally  in- 
cluded in  the  collection.  The  New  England  States  are  represented 
by  48  specimens,  mostly  limonite,  with  an  occasional  magnetite  or 
siderite;  New  York  by  141  specimens,  mostly  magnetite,  but  with 

*  See  Trans.,  x.,  IL 
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some  hematite  and  limonite  and  a  very  few  of  siderite;  Xew  Jersey 
by  95  specimens,  of  which  92  are  magnetite  and  3  limonite;  Penn- 
sylvania bv  91  specimens,  including;  magnetite,  hematite  and  limo- 
nite; Delaware  by  2  specimens  of  limonite;  Maryland  by  14  speci- 
mens, 13  being  siderite  and  limonite  and  1  magnetite;  Virginia  by 
32  specimens,  mostly  limonite,  with  an  occasional  hematite  or  magne- 
tite; North  Carolina  by  16  specimens,  mostly  magnetite,  but  with  a 
few  of  limonite,  hematite  and  siderite;  Georgia  by  32  specimens, 
mostly  limonite,  but  with  some  hematite  and  manganese-ores; 
Alabama  by  32  specimens,  limonite  and  hematite,  with  a  single 
siderite;  Tennessee  by  04  specimens,  mostly  limonite,  but  with  a 
good  representation  of  fossil-ores  and  an  occasional  manganese-ore ; 
Kentucky  by  16  specimens,  mostly  limonite,  with  a  few  of  siderite  ; 
Missouri  by  32  specimens,  mostly  hematite,  with  a  few  of  limonite ; 
Ohio  by  48  specimens,  mostly  limonite  and  siderite,  with  a  few  of 
hematite;  Michigan  by  48  specimens,  mostly  hematite,  but  with  a 
few  of  magnetite  and  an  occasional  limonite  or  manganese-ore; 
Wisconsin  by  3  specimens  of  hematite;  Minnesota  by  13  specimens 
of  hematite;  Colorado  by  12  specimens,  magnetite,  hematite  and 
limonite;  California  by  4  specimens,  magnetite,  limonite  and  hem- 
atite; Utah  by  10  specimens,  hematite,  limonite  and  manganese- 
ore  ;  Oregon  by  4  specimens,  magnetite  and  limonite;  and  Washington 
by  2  specimens  of  limonite. 

The  direct  extraction  of  iron  from  its  ores  is  illustrated  by  14 
specimens  from  the  Rogersfield  mine  and  Belmont  forge.  New 
York.  A  large  number  of  interesting  photographs  of  the  works 
accompany  this  collection.  The  manufacture  of  crucible  steel  from 
puddled  bar  is  illustrated  by  a  complete  collection  of  28  specimens 
from  the  Crescent  St^el  Works,  Pittsburgh,  Pa. 

The  manufacture  of  Bessemer  steel  is  very  fully  illustrated  by  a 
collection  of  74  specimens  from  the  South  Chicago  works,  taken  by 
special  collectors.  This  collection  begins  with  the  ores,  fuels  and 
fluxes  used  in  the  blast-furnace.  Starting  with  a  given  charge,  tiie 
metal  was  followed  from  the  blast-furnace  through  each  stage  of 
manipulation  until  the  rail  was  rolled,  two  hours  and  twenty  minutes 
after  the  metal  was  tapped  from  the  blast-furnace.  Samples  were 
taken  wherever  possible.  To  this  systematic  illustration  of  a  l^low 
are  added  many  general  specimens,  particularly  a  full  series  of 
refractory  materials. 

It  was  designed  to  illustrate  the  smelting  of  pig-iron  by  collec- 
tions from  a  considerable  number  of  furnaces,  selected  to  represent 
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the  differences  in  the  methods  of  running  the  furnaces,  particularly 
such  as  are  brought  about  by  differences  of  fuel  and  ore  used.  This 
list  is  by  no  means  complete.  The  smelting  of  magnetite  with  a 
mixture  of  anthracite  coal  and  doke  is  illustrated  by  19  specimens 
from  the  Crown  Point,  N.  Y.,  furnace;  the  smelting  of  a  mixture 
of  several  (6  to  8)  different  ores  with  anthracite  and  coke,  by  16 
specimens  from  the  Warwick  furnace,  Pottstown,  Pa. ;  the  smelt- 
ing of  very  sulphurous  and  cupreous  magnetite  from  a  single  mine 
with  a  mixture  of  anthracite  and  coke,  by  18  specimens  from  the 
North  Cornwall  furnace,  Lebanon,  Pa.  ;  the  smelting  of  limonite 
with  coke,  by  16  specimens  from  the  Longdale,  Va.,  furnace  ;  the 
smelting  of  hematite-ores  with  a  mixture  of  bituminous  coal  and 
coke,  by  20  specimens  from  the  Missouri  furnace,  Carondolet,  Mo.; 
the  smelting  of  hematite  with  coke  for  Bessemer  pig,  by  13  speci- 
mens from  the  St.  Louis  Ore  and  Steel  Company,  South  St.  Louis, 
Mo.,  and  the  smelting  of  fossil-ores  with  coke,  by  17  specimens 
from  the  Roane  furnace,  Rockwood,  Tenn. 

To  the  iron  collection  is  added  a  selection  of  227  specimens  of 
the  results  obtained  by  Kirkaldy,  of  London,  in  his  classic  investi- 
gation of  the  mechanical  properties  of  Fagersta  steel. 

Manganese-ores  are  specially  illustrated  by  4  specimens. 

The  mineralogy  of  cobalt  and  nickel  is  illustrated  by  4  speci- 
mens and  the  ores  by  4  more.  The  application  of  the  two  metals 
is  illustrated  by  43  specimens. 

The  mineralogy  of  zinc  is  illustrated  by  33  specimens.  Among 
these  are  some  very  fine  specimens  of  crystallized  blende  from  Mis- 
souri. In  addition  to  these,  the  ores  are  represented  by  13  speci- 
mens. 

I\Iuch  blende  associated  with  galena  and  a  little  pyrite  occurs  in 
a  gangue  of  chert  in  southwestern  Missouri  and  southeastern  Kansas. 
The  dressing  of  this  material  to  separate  the  blonde  and  galena  is 
illustrated  by  29  specimens  from  the  South  Side  mill.  Galena,  Kansas. 

The  extraction  of  zinc  is  fully  illustrated  by  five  collections.  The 
Glendale  works  at  St.  Louis,  Mo.,  reducing  a  variety  of  ores,  are 
illustrated  by  22  specimens.  The  Joplin  Zinc  Works  at  West  Jop- 
lin.  Mo.,  smelting  the  sej)arated  blende  from  Galena,  Kansas,  are 
represented  by  16  specimens.  The  Rich  HHl,  Mo.,  works,  smelt- 
ing the  Joj)lin  ore  and  using  a  Sieinen's  gas-furnace  to  heat  the 
retorts,  are  illustrated  by  17  specimens.  The  Passaic  Zinc  Works, 
Jersey  City,  N.  J.,  are  represented  by  31  specimens.     These  works 


248         DEPARTMENT   OF    METALLUKG5f    IN    THE    U.    S.    MUSEUM. 

treat  the  complex  zinc-,  iron-  and  manganese-ores  from  Franklin, 
N.  J.,  and  produce  spelter,  oxide  of  zinc  and  spicgeleisen. 

The  mineralogy  of  tin  is  represented  by  a  single  specimen  ;  but 
the  ore-collection  includes  specimens  from  nearly  every  locality  in 
the  United  States,  including  the  original  tin-discovery  at  Jackson, 
New  Hampshire,  in  1840.  It  numbers  24  specimens  ;  and  to  these 
are  added  6  specimens  of  metal  reduced  from  the  ores,  among  them 
a  small  bar  smelted  from  the  Jackson  ore  in  1840.  This  is  un- 
doubtedly the  "  first  tin  ever  smelted  in  America." 

Antimony  is  represented  by  7  specimens. 

Chromium  is  represented  by  7  specimens  of  chromite  from  all 
the  principal  locations  in  the  United  States. 

Bismuth  is  represented  by  2  specimens. 

The  mineralogy  of  mercury  is  illustrated  by  5  specimens,  and  its 
ores  by  28  specimens.  To  these  are  added  13  specimens  illustrating 
the  New  Almaden,  Californiaj  mine  and  works.  This  is  an  exceed- 
ingly interesting  collection. 

The  mineralogy  and  ores  of  aluminum  are  illustrated  by  7  speci- 
mens, exclusive  of  a  large  collection  of  clays.  The  extraction  of 
aluminum  is  illustrated  by  20  specimens,  and  its  application  by  22 
specimens. 

Under  the  head  of  the  general  use  of  metals  are  shown  a  large 
series  of  alloys.  The  interesting  gold,  silver  and  bismuth  alloys 
described  by  Mr.  Pearce*  are  illustrated  by  12  specimens;  the 
manufacture  and  utilization  of  brass,  by  28  specimens ;  that  of  soft 
alloys,  Babbitts,  solders,  etc.,  by  41  specimens;  and  that  of  type- 
metal,  by  17  specimens.  Welsh  tin-plate  is  represented  by  15  spe- 
cimens. 

Non-Metallic  Ores. 

These  are  illustrated  as  follows: 

Sulphur  by  7  specimens,  and  the  manufacture  of  sulphuric  acid 
by  5  specimens. 

Grinding  and  polishing  materials  and  their  application  by  corun- 
dum in  lumps  and  sizes,  15  specimens;  emery,  28  specimens; 
quartz,  9  specimens;  tripoli,  5  specimens;  pumice-stone,  10  speci- 
mens, and  the  manufacture  of  sand-paper,  29  specimens. 

The  occurrence  of  asbestos  is  shown  by  a  very  large  collection  of 
53  specimens  from  all  over  the  world.  The  application  of  asbestos 
is  shown  by  30  sjjecimens. 

*  Trans.,  xiii.,  738. 
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Twentv-four  specimens  show  the  occurrence  of  the  various  phos- 
phates used  in  the  manufacture  of  fertilizers. 

Fictile  materials  are  illustrated  by  43  specimens,  including  all 
the  usual  varieties  of  clay. 

Tiie  native  compounds  in  which  carbon  forms  the  chief  constituent, 
are  shown  in  a  series  of  760  specimens,  which  begins  with  pure 
carbon  in  the  form  of  diamond  and  graphite  (25  specimens),  and 
follows  through  coals  (250  specimens) ;  bitumen  (10  specimens); 
petroleum  (474  specimens);  ending  with  natural  gas  (1  specimen). 
In  this  series  the  most  important  collections  are  that  of  anthracite 
coal  from  the  Kohinoor  colliery  of  the  Philadelphia  and  Reading 
Coal  and  Iron  Company,  and  the  very  extensive  collection  of  petro- 
leum, showing  every  variety  from  all  portions  of  this  country,  with 
a  complete  illustration  of  its  technology. 

The  systematic  collections  in  economic  geology  and  metallurgy 
have  been  fully  described  in  a  catalogue  which  will  soon  be  issued 
by  the  museum.  They  are  to  be  sharply  distinguished  from  the 
geographical  ore-series. 

The  followincy  table  summarizes  the  collections: 
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*  See  Plan  of  Hall,  page  26. 
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The  Geographical  Ore-series. 

This  series  shows  tlie  mineral  resources  of  the  country,  arranged 
upon  a  purely  geographical  basis,  together  with  some  important  and 
character it^tic  collections  from  foreign  countries.  In  its  arrange- 
ment the  geographical  idea  has  been  followed  as  closely  as  possible, 
but  the  necessities  of  the  case-room  have  caused  some  departures, 
especially  in  the  arrangement  of  counties  within  the  States,  and 
of  some  of  the  foreign  countries.  Different  regions  are  represented 
as  follows : 

The  New  England  States,  by  102  specimens,  of  which  59  are 
iron-ores,  associates  and  products;  11  silver-lead-;  3  copper- ;  1  zinc- 
and  4  emery-ores,  and  11  refractory  material ;  4  coal  and  9  paints. 

New  York,  by  114  specimens,  of  which  88  are  iron-ores,  asso- 
ciates and  products;  6  limestone;  2  talc;  1  silver-lead-ore,  and  17 
refractory  materials,  mainly  products. 

New  Jersey,  by  74  specimens,  of  which  27  are  iron-ores,  asso- 
ciates and  products;  31  rejDresent  the  Franklin  ores  and  their  treat- 
ment, and  16  are  clays. 

Pennsylvania,  by  135  specimens,  of  which  103  are  iron-ores,  asso- 
ciates and  products  (including  a  very  complete  illustration  of  the 
operations  of  the  Powellton  Estate,  embracing  53  specimens) ;  7 
zinc- ;  13  copper- ;  5  nickel-,  and  1  chrome-ore,  and  6  coal  and  coke. 

Maryland,  by  65  specimens,  of  which  57  are  iron-ores,  associates 
and  products  (including  a  complete  illustration  of  the  operations  of 
the  Muirkirk  furnace,  embracing  51  specimens) ;  2  gold-  and  2 
copper-ores;  3  refractory  materials  and  1  mica. 

Virginia,  by  92  specimens,  of  which  35  are  iron-ores,  associates 
and  products;  27  gold-  and  silver-ores  and  associates;  8  zinc-;  3 
lead-;  2  lead-zinc- ;  7  tin-  and  1  copper-ore ;  6  pyriteand  associates; 
2  salt  and  1  asbestos. 

AVest  Virginia,  by  10  specimens  of  coal. 

North  Carolina,  by  98  specimens,  of  which  8  are  iron-ores;  50 
gold-  and  silver-ores  and  associates;  11  copper-;  9  nickel-;  1  each 
of  tin-,  manganese-  and  chrome-ores;  2  each  of  barite,  talc  and 
garnet;  3  phosphates;  5  clays,  and  1  each  of  corundum,  asbestos 
and  graphite. 

South  Carolina,  by  14  specimens,  of  which  8  are  gold-  and  silver- 
ores  ;  5  phosphates  and  1  manganese-ore. 

Georgia,  by  63  specimens,  of  which  54  are  gold-  and  silver-ores 
and  associates;  3  iron-  and  3  manganese-ores,  1  each  of  clay,  cor- 
undum and  asbestos. 


DEPAKTMENT  OF  METALLURGY  IN  THE  U.   S.  MUSEUM.   251 

Alabama,  by  25  specimens  of  iron-ores,  associates  and  products. 

Tennessee,  by  18  specimens  of  iron-ores. 

Kentuckv,  bv  29  specimens,  of  whicli  20  are  iron-ores,  associates 
and  products;  7   coal  and  2  lead-ores. 

Arkansas,  by  13  specimens,  of  which  4  are  iron;  2  manganese; 
3  silver-lead-ziuc,  and  1  autimouy-ore,  and  1  each  of  novaculite, 
soapstone  and  bauxite. 

Louisiana,  by  6  iron-ores  and  1  salt. 

Texas,  by  9  specimens,  of  which  6  are  iron-  and  2  copper-ores 
and  1  refractory  material. 

Wisconsin,  by  3  specimens  of  iron-ore. 

Ohio,  by  9  specimens,  of  which  4  are  iron-ores ;  2  coals  and  3  clays. 

Illinois,  by  15  coals. 

Indiana,  by  5  iron-ores;  5  coals  and  3  clays. 

Michigan,  by  125  specimens,  of  which  54  are  from  the  numerous 
iron-mines  of  the  State;  68  are  from  the  coj>per-mines,  and  3  are 
gypsum, 

Missouri,  by  228  specimens,  of  which  50  are  iron-ores  and  asso- 
ciates, and  4  are  coal  ;  the"  remaining  174  specimens  representing  the 
complex  zinc-lead-ores  which  occur  in  the  State  in  great  abundance 
and  variety.  Witli  these  are  also  included  the  copper  and  cobalt 
and  nickel  varieties. 

Kansas,  by  30  specimens  of  lead-zinc-ores,  resembling  the  Mis- 
souri ores. 

Oregon,  by  27  specimens,  of  which  17  are  gold-  and  4  copper- 
ores;  4  iridosmine  and  2  coal. 

Dakota,  by  3  tin-ores  and  2  coals. 

Montana,  by  246  specimens,  nearly  all  of  which  carry  the  ])re- 
cious  metals,  although  base  metals  are  frequently  present  in  sufficient 
amount  to  be  extracted,  and  in  a  few  cases,  as  at  the  Butte  copper- 
mines,  form  the  chief  value.  From  De§r  Lodge  county  there  are 
30  sj)ecimens  of  gold,  milling-  and  snielting-silver- and  rich  copper- 
ores;  from  Lewis  and  Clarke  county,  78  specimens,  of  which  39 
are  silver-lead-ores  from  the  Ten  Mile  district,  and  the  remainder 
comprises  gold-,  milling-  and  smelting-silver-  and  a  few  coi)per- 
ores;  from  Silver  Bow  county,  60  specimens  of  milling-silver-  and 
copper-ores,  a  large  proportion  of  these  specimens  coming  from  the 
mines  in  and  around  Butte;  from  Meagher  county,  4  s|)ecimens  of 
silver-,  copper-  and  lead-ores ;  from  Jefferson  county,  3  specimens 
of  gold-,  silver-lead-copper-  and  tin-ores;  from  Madison  county,  29 
specimens  of  gold-  and  free-milling  silver-ores,  in  which  chloride  of 
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silver  appears  abundantly,  and  of'tripoH;  from  Beaver  Head  county, 
42  s|)e('iinens  of  gold-  and  milling-  and  smelting-silver-ores. 

Idaho,  by  147  specimens,  most  of  which  are  precious  metal-ores, 
only  a  few  of  the  smelting-ores  being  included.  From  Owyhee 
county  there  are  87  specimens,  including  placer-gold,  and  milling 
and  smelting  silver-ores;  from  Alturas  county,  32  specimens  of 
gold-,  silver-lead-  and  mercury -ores ;  from  Custer  county,  14  speci- 
mens of  silver-,  lead-  and  copper-ores;  from  Boise  county,  7  speci- 
mens of  gold-ores;  and  from  Lemhi  county,  7  specimens  of  gold- 
and  silver-lead-ores. 

Colorado,  by  234  specimens,  nearly  all  of  which  carry  the  pre- 
cious metals,  while  many  also  carry  base  metals,  particularly  lead,  as 
in  the  famous  Leadville  mines.  There  are  from  Gilpin  county  34 
specimens,  mostly  auriferous  pyrite  and  associates,  but  with  a  few 
silver-lead-ores  ;  from  Boulder  county,  80  specimens,  including  many 
telluride-ores  of  gold  and  silver,  silver-lead-ores,  and  auriferous 
pyrite,  the  latter  two  frequently  carrying  copper;  from  Clear  Creek 
county,  19  s})ecimens,  mostly  of  complex  silver-ores  carrying  also 
lead,  zinc,  and  occasionally  copper  ;  from  Park  county,  1 2  sih^er-lead- 
ores;  from  Chaffee  county,  13  silver-lead-ores;  from  Ouray  county, 
1  complex  ore  ;  from  Fremont  county,  7  silver-lead-  and  copper-ores ; 
from  Summit  county,  3  complex  silver-lead-ores ;  from  Lake  county, 
3§  specimens,  mostly  silver  lead-ores,  both  carbonate  and  sulphides 
of  the  Leadville  region;  from  Jefferson  county,  11  specimens  of 
auriferous  pyrite,  copper-  and  silver-lead  ores,  and  clay  and  pro- 
ducts; from  Gunnison  county,  7  silver-lead-ores;  from  Pueblo 
county,  1  zinc-ore;  from  Custer  county,  8  complex  silver-lead-  and 
iron-ores;  from  Las  Animas  county,  2  iron-ores  and  coke;  and  from 
Arapahoe  county,  1  coke. 

Utah,  by  402  specimens,  which  present  the  greatest  variety  of 
appearance  and  form  the  most  attractive  collection  of  its  kind  in 
the  department.  Many  of  the  specimens  are  colored  by  decomposi- 
tion products,  giving  every  hue  of  the  rainbow.  Nearly  all  the  ores 
carry  the  precious  metals,  and  while  many  are  valuable  only  for 
these,  yet  many  more  carry  the  base  metals  also  in  valuable  quanti- 
ties. Besides  the  precious  metal-ores  the  collection  shows  iron-, 
antimony-  and  bismuth-ores,  and  coal. 

Tooele  county  is  represented  by  113  silver-lead-  and  silver-lead- 
copper-ores.  There  are  from  Salt  Lake  county  163  silver-lead-  and 
silver-lead-copper-ores;  from  Beaver  county,  46  silver- lead-  and 
bismuth-ores;    from  Summit  county,  12  milling-silver  and  silver- 
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lead-ores;  from  Washington  county,  7  free  ruilling-ores  ;  from  San 
Pete  county,  2  specimens  of  alabaster ;  from  Millard  county,  2  speci- 
mens of  sulphur  and  silver-copper-ore ;  from  Fremont  county,  1  coal ; 
from  Iron  county,  7  iron-ores ;  from  Morgan  county,  2  iron-ores; 
from  Piute  county,  3  silver-lead-copper-ores.  The  American  anti-  • 
mony-mine  is  illustrated  by  4  specimens ;  from  Juab  county,  3  silver- 
lead-ores;  from  Weber  county,  1  iron-ore;  from  Utah  county,  2 
iron-ores ;  from  Box  Elder  county,  34  silver-lead-  and  silver-lead- 
copper-ores. 

New  Mexico  is  illustrated  by  43  specimens,  about  equally  divided 
between  purely  precious  metals  and  precious  and  base  metals 
mixed. 

Arizona,  by  104  s]>ecimens,  a  few  being  precious  metal-ores,  but 
most  being  co|)|)er-ores  without  the  precious  metals. 

Nevada,  by  772  specimens,  a  very  large  proportion  of  which  are  ores 
of  the  precious  metals  solely,  but  a  few  smelting-ores,  j)articularly 
those  of  the  Eureka  district,  being  also  shown.  There  are  from 
Lander  county  74  specimens,  of  which  67  illustrate  the  beautiful 
and  rich  ruby-silver-ores  of  the  Reese  river  district;  from  Washoe 
county,  125  specimens,  of  which  113  are  from  the  various  mines  on 
the  Comstock  lode,  and  present,  in  marked  contrast  to  the  very 
beautiful  and  attractive  Reese  river  ores,  a  dull  and  uninterest- 
ing general  appearance.  The  difference  between  very  rich  and  poor 
Comstock  ore  is  too  slight  to  be  detected  by  the  ordinary  observer. 
Nevertheless  the  extraordinary  production  of  bullion  by  these  luines 
gives  the  collection  special  interest  and  importance.  The  remaining 
specimens  from  Washoe  county  show  silver-,  copper-,  mercury-  and 
sulphur-ores.  There  are  from  Esmeralda  county  113  specimens, 
mostly  milling-silver-ores,  but  including  a  few  gold- and  silver-lead- 
ores;  from  Lyon  county,  5  copper-ores ;  from  Nye  county,  73  speci- 
mens, mostly  milling-silver,  with  a  few  silver-lead-ores;  from 
Humboldt  county,  50  specimens,  mostly  milling-silver,  with  a  few 
very  good  samples  of  sulphur;  from  Eureka  county,  44  silver-lead- 
ores;  from  White  Pine  county,  lG2specimens,  mainly  milling-silver, 
with  a  very  few  silver- lead -ores;  from  Churchill  county,  7  speci- 
mens of  borax,  and  silver-  and  lead-ores;  from  Elko  countv,  35 
specimens,  mostly  silver-lead-,  with  a  few  milling-silver-ores;  from 
Lincoln  county,  74  specimens,  mostly  silver-lead-,  with  a  very  few 
milling-silver-ores  ;  from  Douglass  county,  3  iron-ores;  and  from 
Ormsby  county,  7  silver-lead-copper-ores  and  iron-ores. 

California,  by  203  specimens,  mainly  of  the  various  gold-ores,  in- 
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cliiiling  quartz,  pyritiferous  quartz  and  gravel,  and  tlie  mereury-ores 
of  the  State.  There  are  from  Butte  county  18  gold-ores  from  both 
veins  and  gravel ;  from  Mariposa  county,  10  quartz-gold-ores  ;  from 
Inyo  county,  13  quartz-gold-ores  containing  considerable  copper; 
from  Calaveras  county,  18  quartz-gold-ores  and  the  Si)enceville 
copper-ore;  from  Eldorado  county,  7  quartz-  and  gravel-gold-ores; 
from  Nevada  county,  20  quartz-  and  gravel-gold-ores  ;  from  Mono 
county,  3  quartz-gold-  and  antimony-ores ;  from  Tehama  county,  1 
sulphur  specimen  ;  from  Santa  Barbara  county,  2  specimens,  asphalt 
and  gypsum  ;  from  Placer  county,  21  quartz-  and  gravel-gold-ores  ; 
from  Lake  county,  7  mercury- and  sulphur-ores;  from  San  Luis 
Obispo  county,  5  mercury-ores;  from  Del  Norte  county,  2  copper- 
ores;  from  Sonoma  county,  14  mercury-ores;  from  Tuolumne 
county,  11  placer-  and  quartz-gold-ores;  from  San  Bernardino 
county,  6  silver-lead-copper-ores  and  tin-ores ;  from  Monterey 
county,  1  mercury-ore;  from  Kern  county,  6  silver-ores  and  anti- 
mony-ores ;  from  Sierra  county,  5  quartz-  and  gravel-gold-ores ; 
from  Plumas  county,  7  quartz- and  gravel-gold-ores;  from  Yuba 
county,  5  gravel-  and  quartz-gold-ores ;  from  San  Diego  county,  4 
gold-ores  and  copper-ores;  from  Napa  county,  4  mercury-ores; 
from  Tulare  county,  4  specimens  of  gold-,  silver-  and  copper-ores; 
from  Santa  Clara  county,  3  mercury-ores;  from  Shasta  county,  3 
specimens  of  gold-,  silver-  and  lead-ores;  and  from  Fresno  county, 
3  mercury-ores. 

Alaska,  by  16  specimens  of  gold-ores,  many  of  which  contain 
raispickel,  and  5  coa^s. 

Mexico,  by  133  specimens,  mostly  of  silver-ores,  although  other 
metals  are  also  represented.  Of  the  beautiful  and  rich  silver-ores 
of  Zacatecas,  there  are  17  specimens;  of  copper-ores  (mainly  util- 
ized in  the  preparation  of  sulphate  of  copper  for  extracting  silver), 
from  the  State  of  Aquas  Calientes,  3  specimens;  from  the  State  of 
Sonora,  50  specimens,  including  some  very  rich  gold-quartz,  silver-, 
silver-lead-  and  copper-ores  and  coal ;  from  the  State  of  Pachuca,  5 
silver-ores  (in  the  reserve  series  there  is  also  a  large  systematic  collec- 
tion illustrating  the  mines  of  the  Real  del  Monte  Company) ;  from 
the  State  of  Mexico  there  are  12  specimens  of  silver-,  sulphur-  and 
iron-ores  and  clay ;  from  the  State  of  Chihuahua,  14  silver-  and 
copper-ores  ;  from  the  State  of  Durango,  9  silver-,  tin-  and  iron-ores  ; 
from  the  State  of  Oaxaca,  13  silver-,  silver-lead-,  copper-,  tin-  and 
iron-ores,  and  coal  and  gypsum;  from  the  State  of  Puebla,  2  man- 
ganese-and  mercury-ores  ;  from  the  State  of  San  Luis  Potosi,  4  tin- 
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ore,  sulphur  and  gypsum  ;  from  the  State  of  Vera  Cruz,  1  specimen 
of  pumice  ;  from  the  State  of  Jalisco,  3  s])ecimens,  iron-ore,  zinc- 
copper-ore  and  barite. 

San  Salvador,  by  51  silver-,  silver-lead-  and  iron-ores,  and  lignite. 

Costa  Rica,  by  16  free-milling  silver-ores. 

British  America,  by  92  specimens,  including  iron -,  manganese-, 
chromium-,  copper-,  silver-  and  silver-lead-ores,  and  coal,  graphite, 
phosphates  and  gypsum. 

Japan,  by  95  gold-,  silver-,  silver-lead-,  copper-,  iron-,  mercury-, 
tin-,  antimony-  and  chromium-ores,  and  graphite,  coal  and  petro- 
leum. This  collection  is  especially  interesting  on  account  of  the 
illustrations  of  the  native  processes  of  extracting  copper,  silver-lead 
and  iron. 

Portugal,  by  145  specimens,  particularly  rich  in  antimony-  and 
tin-ores.  Lead-ores,  some  of  them  argentiferous  and  zinciferous, 
and  processes  of  dressing,  are  also  well  illustrated.  Besides  these, 
the  collection  includes  copper-,  iron-  and  manganese-ores,  and 
coals. 

Spain,  by  206  specimens,  principally  from  the  collection  shown  by 
the  Royal  Engineers  at  the  Centennial.  It  includes  lead-  and 
silver-lead-ores  and  processes  of  dressing,  copper-,  iron-,  manganese-, 
zinc-,  tin-  and  sulphur-ores,  and  coal,  asphalt  and  clays. 

Russia,  by  185  specimens,  including  a  complete  illustration  of  the 
mineral  resources  prepared  by  the  Mining  School  of  St.  Petersburg, 
and  several  suites  from  prominent  mines  and  works.  The  ores 
include  those  of  gold,  silver,  platinum,  copper,  lead,  bismuth, 
molybdenum,  iron,  manganese,  chromium  and  zinc,  and  coal  and 
corundum.     The  iron    and  copper-works  are  well  illustrated, 

Sweden,  by  170  specimens,  mostly  iron-ores,  associates  and  pro- 
ducts, a  few  copper-ores  being  also  shown. 

Norway,  by  12  specimens  of  nickel-ore,  coal,  feldspar  and  phos- 
phate. 

Great  Britain,  by  19  specimens  of  tin-ore,  clay,  coal  and  asphalt. 

South  America  is  imperfectly  represented  by  61  specimens;  Bra- 
zil having  36  gold-  and  iron-ores,  and  coal ;  Peru,  5  silver-lead 
ores;  Venezuela,  6  copper-ores,  coal  and  ochre;  Chili,  8  copper- 
ores;  and  Bolivia,  6  copper-ores. 

New  Zealand,  by  65  specimens,  including  quartz-  and  placer- 
gold,  ores  of  silver,  lead,  copper,  iron,  zinc  and  antimony,  and  sul- 
phur and  coal. 

Australia,  by  290  specimens,  especially  rich  in  gold-  and  tin-ores. 
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There  are  from  Victoria  l.'^S  specimens,  of  which  30  are  models  of 
famous  mijigets,  most  of  the  rest  being  gold-  and  tin-ores,  with  a 
few  specimens  of  antimony-,  copper-,  iron-,  manganese-  and  zinc- 
ores  and  coal ;  New  South  Wales,  152  specimens,  of  which  46  are 
tin-ores  and  associates,  the  remainder  being  gold-,  antimony-,  cop- 
per-, iron-  and  lead  ores;  and  from  Tasmania,  12  tin-  and  iron-ores. 

The  celebrated  works  of  Krupj),  at  Essen,  Germany,  are  repre- 
sented by  185  specimens,  and  show  a  complete  vseries  of  the  iron- 
and  manganese-ores  used,  fuels,  fluxes  and  a  few  crude  products. 

The  interesting  region  about  Carinthia  in  Austria  is  represented 
by  164  specimens,  showing  the  various  silver-,  lead-,  copper-,  zinc-, 
iron-  and  manganese-ores,  the  processes  used  to  separate  the  silver, 
lead,  copper  and  zinc,  and  the  products  of  the  iron-  and  manganese- 
ores. 

The  following  table  summarizes  the  geographical  ore-series  : 


Cases* 


101  and  102 

103 

to 

10.") 

106 

to 

107 

108 

to 

111 
112 

113  and  114 

114 

115  and 

iir> 

llfi 

117 

lis 

11^' 

us 

lis 

Hit 

Uii 

119 

119 

120 

120 

121 

to 

12o 

124 

to 

127 
128 
129 
129 

180 

to 

135 

New  England  States 102 

New  York 114 

New  Jersey 74 

Pennsylvania 135 

Maryland 65 

Virginia 92 

West  Virginia 10 

Nortli  Carolina 98 

South  Carolina 14 

Georgia 63 

Alabama 25 

Tennessee IS 

ICentucky 29 

Arkansas 13 

Louisiana 7 

Texas 9 

Wisconsin 3 

Ohio  9 

Illinois 15 

Indiana 13 

Michigan 125 

Missouri 228 

Kansas ; 30 

Oregon 27 

Dakota 5 

Montana 246 


Cases. 

136 

to 

138 

139 

to 

144 

145 

to 

151 

152 

153  and  154 

156 

to 

167 

168 

to 

171 

155 

172 

to 

174 
175 
175 

176  and 

177 

178  and  179 

18(1 

to 

183 

184 

to 

187 

188 

to 

190 
191 

192 

to 

195 
196 
197 
197 

198 

199 

to 

203 

204 

and 

205 

206  and 

207 

Idaho 147 

Colorado 234 

Utah 402 

New  Mexico 43 

Arizona 104 

Nevada 772 

California 203 

Alaska 21 

Mexico 133 

San  Salvador 51 

Costa  Rica 16 

British  America 92 

Japan 95 

Portugal 145 

Spain 206 

Sweden  170 

Norway 12 

Paissia 185 

Great  Britain 19 

South  America 61 

New  Zealand 65 

Tasmania 12 

Australia ■. 290 

Austria 164| 

Germany 185 


Besides  these  two  systematic  collections,  a  considerable  amount  of 
miscellaneous  material  of  a  more  or  less  decorative  nature,  particu- 
larly large  and  showy  specimens  of  ores,  is  displayed  about  the  hall. 

A  large  safe,  especially  designed  for  the  purpose,  holds  107  very 
rich  specimens,  most  of  which  are  placer-gold,  representing  every 
prominent  region  of  this  country  and  a  few  foreign  countries,  par- 
ticularly New  Zealand,  from  which  45  specimens  are  shown. 

Upon  the  tops  of  the  cases  are  shown  samples  of-  finished  pro- 
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ducts,  highly-wrought  articles  aud  tested  specimens,  tools  and 
models,  and  upon  the  walls  are  many  photographs,  charts  and  draw- 
ings, illustrating  the  subject  generally.  Many  photographs  are 
shown  upon  a  swing-pillar  screen. 

On  the  west  front  of  the  museum  building  are  arranged  many 
ore-specimens  which  are  too  large  to  be  exhibited  inside.  Here  are 
also  several  group-collections  illustrating  large  areas,  the  individual 
members  of  which  are  jiot  accurately  located  in  the  respective 
regions,  especially  a  large  collection  of  Swedish  magnetic  iron-ores 
and  German  siderite  iron-ores. 

The  following  plan  shows  the  general  arrangement  of  the  hall : 
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ELECTBIC  POWEE-TBANSMISSION  IN  MINING 
OPEEATIONS. 

BY  H.  C.  SPAULDINO,  BOSTON,  MASS. 
(New  York  Meeting,  September,  1890.) 

The  rapid  increase,  during  the  last  few  years,  in  the  number  and 
magnitude  of  applications  of  electric  power-transmission  to  commer- 
cial uses  in  this  country,  has  been  due  principally  to  three  causes: 
first,  the  ability  and  enterprise  of  those  who  have  been  identified 
with  the  progress  of  electrical  industries,  since  electric  illumination 
became  an  economic  fact  instead  of  a  laboratory-experiment :  sec- 
ondly, the  readiness  of  the  American  people  to  adopt  new  and  ad- 
vanced methods  as  soon  as  their  superiority  has  been  fairly  demon- 
strated;  and  thirdly,  the  economy  and  flexibility  of  the  apj)aratus 
employed,  when  properly  designed  and  constructed,  and  installed 
under  suitable  conditions. 

Basing  our  judgment  on  the  world's  advance  in  scientific  devel- 
opments during  the  past  century,  we  may  reasonably  conclude  that 
in  no  other  country  would  the  pioneers  of  electrical  invention, 
whose  names  have  now  become  household  words,  have  received  the 
prompt  and  plentiful  financial  support  which  has  enabled  them  to 
inaugurate  undertakings  of  exceptional  magnitude,  even  in  this  era 
of  tremendous  monetary  organizations.  And,  on  the  other  hand, 
we  have  seen,  in  the  numerous  financial  and  engineering  failures 
inseparable  from  such  rapid  development,  the  natural  results  of  a 
too  implicit  faith  in  electrical  omnipotence. 

It  is  not  to  be  wondered  at  that  conservative  engineers  have  been 
slow  to  adopt  this  new  and  mighty  agent  in  the  solution  of  exten- 
sive problems,  and  under  circumstances  where  a  single  failure  means 
not  only  a  greater  or  less  financial  sacrifice,  but  the  loss,  in  a  greater 
or  less  degree,  of  professional  reputation. 

The  mechanical  engineer,  while  recognizing  the  fact  that  thousands 
of  horse-power  are  to-day  transmitted  by  electrical  means,  from 
running  the  lathe  in  a  dentist's  office  to  the  operation  of  a  fifty-ton 
travelling  crane ;  from  passing  a  cooling  draught  of  air  through  a 
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sick  chamber  to  printing  the  plethoric  sheets  of  our  daily  papers, 
hesitates,  nevertheless,  before  placing  reliance  upon  a  system  which 
has  undeniably  had  its  failures. 

The  mining  engineer  looks  with  interest  upon  the  statement  that 
258*  electric  roads  in  the  United  States  alone,  with  1927.26  miles  of 
track,  and  3024  cars  are  in  daily  service  or  under  construction,  and 
then  compares  the  demands  of  street-service  with  those  found  in 
mining  practice,  looking  meanwhile  for  practical  suggestions  from 
those  who  have  "  been  there  "  and  can  hold  up  a  warning  or  beck- 
oning finger  to  the  traveller  in  this  unfrequented  path.  It  is  the 
object  of  this  paper  to  present  briefly  some  of  the  work  already  done 
towards  the  application  of  electrical  apparatus  to  mining  processes, 
as  well  as  to  embody  some  practical  suggestions  and  statements 
from  those  who  have  had  personal  experience  in  the  operation  of 
such  apparatus. 

Following  the  natural  order  of  operations,  let  us  consider  drilling 
and  cutting  machinery  in  the  first  place.  Fig.  1  shows  the  drill 
manufactured  by  the  Diamond  Prospecting  Company  of  Chicago. 
This  is  designated  by  them  as  a  Type  "R"  machine,  nominal 
capacity  300  feet,  and  equipped  with  a  motor  of  3  horse-power, 
rated  capacity.  The  total  weight  of  the  machine,  set  up  and  running, 
is  1000  pounds,  and  the  heaviest  piece,  when  taken  apart  for  ship- 
ment, weighs  about  170  pounds.  The  machine  is  mounted  on  trucks 
fitting  the  gauge  of  the  mine-track  for  easy  handling,  and  can  be 
taken  apart  in  fifteen  minutes,  and  put  up  in  a  half-hour  without 
difficulty. 

The  drill  swivels  so  that  holes  can  be  put  in  at  any  angle,  and 
can  be  operated  in  a  space  giving  5  feet  in  the  line  of  the  drill-rods. 

The  general  arrangement  of  electrical  and  mechanical  parts  is 
sufficiently  evident  from  the  illustration,  though  the  pump  is  hidden 
by  the  pedestal  on  the  right.  This  is  operated  by  the  horizontal 
shaft  driven  by  the  bevel-gearing  shown,  and  supplies  a  constant 
stream  of  water  to  the  diamonds  through  hose  connected  with  the 
top  of  the  drill-tube.  In  a  recent  test  on  a  granite  boulder,  hole  1^ 
inches  in  diameter,  with  slow  speed,  this  drill  cut  22  inches  in  40 
minutes.  When  set  up  in  the  mine  and  working  on  hard  compact 
limestone,  it  cut  the  rock  at  the  rate  of  1  inch  per  minute,  not  in- 
cluding stoppages  for  changing  the  rods. 

For  general  prospecting-purposes  this  drill  seems  to  satisfactorily 
meet  the  requirements  of  its  special  line  of  work. 

*  August  I,  1890. 
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The  general  principle  of  construction  of  most  electro-dynamic 
machinery  provides  us  with  a  rotary  motion,  which  it  is  necessary  to 
tiansforni  to  a  reciprocating  in  order  to  obtain  drills  of  the  Rand 
or  Ingersoll  type.  Any  such  transformation,  however,  entails  a 
considerable  loss  of  power,  and  we  are  happily  relieved  of  this  ne- 
cessity by  recent  inventions  which  are  based  on  the  general  charac- 
teristics of  the  solenoid. 

Fig.  2  shows  such  a  drill,  constructed  under  the  patents  of  H.  N. 
Marvin,  of  Syracuse.  Mr.  C.  J.  Van  Depoele,  of  Lynn,  Mass.,  was 
one  of  the  first  to  appreciate  the  demand  for  this  class  of  apparatus, 
as  well  as  the  possibilities  of  the  principle  involved;  and  a  large 
factory  is  under  course  of  construction  by  the  Thomson-Houston 
Company,  which  will  be  especially  devoted  to  drilling  and  pumping 
machinery  of  the  reciprocating  type. 

Fig.  2. 


Marvin  Electric  Drill 


A  description  of  the  general  features  of  these  drills  will  be  found 
in  the  communication  of  Mr.  Van  Depoele  (page  273). 

Many  machines  have  been  placed  upon  the  market,  in  recent 
years,  for  making  the  under-cut  in  soft-coal  mining.  Several  of 
them  have  met  with  a  certain  degree  of  success  in  clean  and  easily- 
worked  veins,  steam  or  compressed  air  (generally  the  latter)  being 
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the  operating  force.  Perhaps  the  most  successful  of  these  machines 
has  been  that  manufactured  by  the  Jeffreys  Mining  Machine  Com- 
pany, of  Columbus,  Ohio;  and  a  communication  from  Mr.  Doe, 
their  engineer,  will  be  found  apjiended  (page  276). 

Appreciating  the  advantages  of  electric  power  for  this  class  of 
work,  Mr,  Jeffreys  was  not  slow  in  adopting  a  motor,  and  has  used 
a  number  of  those  manufactured  by  Force  Bain,  the  coal-cutter  being 
modified  somewhat  to  utilize  this  power  to  the  best  advantasce. 

In  the  opinion  of  many  practical  coal-miners,  the  prin(Mj)le  of  the 
rotating  drill  has  many  points  of  superiority  in  under-cutting  ma- 
chines, and  Fig.  3  shows  the  result  of  considerable  experimenting 
and  outlay  in  this  direction  by  the  Hercules  Mining  Machine  Com- 
pany, of  Pittsburgh.  A  series  of  drills  is  operated  by  a  Tesla 
alternating  motor,  the  power  being  transmitted  by  a  belt  as  shown, 
and  the  current  being  supplied  to  the  motor  by  three  armored  cables. 
When  in  operation,  the  cutter  is  clamped  upon  rails  parallel  with  the 
face  of  the  coal,  being  shifted  along  this  track  after  each  cut,  ready 
for  another. 

Compressible  springs  are  wound  upon  each  drill-rod,  and  serve 
as  conveyers  for  the  coal-dust  cut  out  by  the  drills. 

A  machine  also  embodying  the  boring  principle,  though  entirely 
different  in  its  mechanical  and  electrical  design,  is  shown  in  Fig.  4. 

A  Thomson  Houston  motor  of  a  special  type  is  used  in  this  ma- 
chine, current  being  supplied  from  the  main-entry  wires  (which 
may  also  be  used  for  lighting,  haulage,  and  pumping)  by  flexible 
wire-covered  cables. 

The  series  of  cutters  (nine  in  number,  each  4  inches  wide)  is  so 
arranged  as  to  cut  close  to  the  wall  beside  which  the  machine  is 
placed,  and  within  \  inch  of  the  level  of  the  floor. 

Although  the  weight  of  the  apparatus  complete  is  less  than  1400 
pounds,  no  clamping  is  needed,  as  the  drills  will  "  pull  themselves 
into  the  coal,"  with  only  the  friction  of  the  machine  behind  them 
as  it  rests  on  the  floor.  The  device  for  clearing  the  drills  of  coal- 
dust  is  as  simple  as  it  is  effective.  It  consists  of  a  series  of  hinged 
scrapers  hung  from  the  under  side  of  reciprocating  bars,  one  of  which 
is  placed  between  every  pair  of  drills,  and  which  also  operate  an 
ingenious  device  for  cutting  out  the  triangular  space  left  by  the  drills 
at  top  and  bottom  of  the  cut.  The  present  type  of  machine  makes 
a  cut  3  feet  wide,  5  feet  deep,  and  4  inches  thick,  in  two  minutes  and 
a  half,  including  withdrawal  of  the  drills.  With  these  figures  in  mind, 
the  claim  of  180  tons  capacity  per  day  for  this   machine  does  not 


2G2      ELECTRIC  POWER-TRANSMISSION   IN   MINING   OPERATIONS. 

seem  excessive.  As  the  extreme  height  of  the  apparatus  is  only  23| 
inches,  it  can  be  used  in  a  vein  of  any  thickness,  and  two  small 
drums  are  so  placed  in  the  rear  of  each  machine  as  to  enable  it  to 


o 


c=q 


draw  itself  on  to  a  truck  which  accompanies  each  machine,  ready 
for  moving  into  another  cliamber. 

A  simple  but  ingenious  rotary  drill  is  being  constructed  for  opera- 
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tion  \n  connection  with  this  apparatus,  deriving  its  power  from  it 
by  a  flexible  shaft,  and  drilling  the  blast-holes  at  the  same  time  that 
the  vein  is  beinir  undercut. 


40  Horse-power  Electric  Mining  Locomotive. 


Having  thus  briefly  examined  the  present  electrical  apj)aratus  for 
boring  into  ore  or  coal,  so  that  it  may  be  blasted  out,  let  us  see  what 
means  are  at  disposal  for  hauling  it  out  of  the  mine,  or  from  one 
point  to  another  under  the  surface.     Of  course,  in  the  majority  of 
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cases,  the  blast  will  be  llreil  by  the  electric  current,  but  a  discussion 
of  (his  appliitation  hardly  comes  within  the  scope  of"  this  paper. 

To  Mr.  W.  M.  Schlesinger,  of  what  was,  at  the  period  referred 
to,  the  Union  Electric  Company,  is  due  the  honor  of  constructing 
the  first  electric  locomotive  for  strictly  mining  uses  in  the  United 
Stat(>s.  This  was  of  35  horse-i)awer  rated  capaf^ity,  and  was  put  in 
by  the  Lykens  Valley  Coal  Company,  Lykens  Valley,  Pa. 

A  series  of  iron  rails  were  joined  together  to  form  a  conductor  for 
the  current,  which,  after  passing  through  the  motor,  completed  its 
circMiit  to  the  generator  by  the  track- rails,  which  were  connected  also 
by  copi^er  wires. 

A  locomotive  of  40  horse-power  capacity  has  been  in  operation  at 
the  Hillside  Coal  Company's  Erie  Colliery,  near  Scranton,  Pa.,  and 
the  installation  is  fully  described  here  as  showing  very  fairly  the 
conditions  to  be  fulfilled  by  this  class  of  apparatus  in  the  anthracite 
coal-regions  of  Eastern  Pennsylvania. 

The  power-plant  consists  of  a  standard  Armington  &  Sims  engine  capable  of  de- 
veloping 60  horse-power,  and  a  50  horse-i)ower  Thomson-Houston  generator  wound 
for  a  current  of  220  volts  potential,  and  the  necessary  appliances  for  its  operation. 
The  engine-  and  dynamo-room  at  the  top  of  the  shaft  ai-e  in  charge  of  the  engineer 
.and  assistant,  who  operate  the  other  mining  machinery. 

From  the  dynamo  to  the  foot  of  the  shaft  the  current  is  conducted  by  No.  0  Clark 
wires,  enclosed  in  gas-pipes  to  protect  them  from  damage.  From  the  bottom  of  the 
shaft  the  wires  are  carried  overhead,  about  12  inches  outside  of  the  low  rail  of  each 
track,  and  are  suspended  from  an  insulator  specially  designed  for  this  class  of  work, 
the  construction  of  which  can  be  readily  seen  from  the  accompanving  illustration 
(Fig.  7). 

Wiierever  turnouts  occur,  frogs  (shown  in  the  cut)  are  used,  the  conductors  being 
soldered  to  them  in  the  same  manner  as  when  used  for  street-railway  work.  Con- 
nections from  the  mains  to  the  overiiead  conductor  are  made  at  suitable  intervals, 
and  a  portion  of  the  current  is  utilized  for  lighting  purposes,  two  110-volt  lamps 
being  placed  in  series.  There  are  fifty  of  these  lamps — eight  at  the  foot  of  the  shaft, 
two  in  the  pumping-room,  four  in  the  blacksmith-shop,  and  two  in  the  slope-room; 
the  remainder  being  distributed  along  the  gangway,  as  shown  by  the  black  dots  in 
Fig.  8,  Plate  I. 

The  rails  are  used  as  conductors  for  tlie  retin-n -current,  copj)er  end-connections 
efFeeiiug  a  complete  metallic  circuit.  In  a(la})ting  the  tracks  to  the  electric  system 
it  was  fotuid  necessary  to  make  a  few  changes  to  accommodate  the  increased  output. 
The  shaft-sidings,  as  shown  in  the  plan,  will  accommodate  seventy  loaded  cars  and 
fifty  empties,  whereas,  before,  they  had  a  capacity  for  but  fifteen  on  each  side.  The 
profiles  and  plan  of  the  tracks  will  be  seen  from  the  diagram  (Fig.  8).  The  track 
from  X  to  R,  or  foot  of  the  rock-plane,  is  36-inch  gauge.  Tiie  other  tracks  are 
double-gauge,  or  three-rail  tracks,  the  gauges  being  36  and  28  inches.  They  are 
made  in  this  manner  to  accommodate  the  slope-wagons,  which  are  all  of  the  narrower 
gauge 

The  locomotive  shown  in  the  illustrations  (Figs.  5  and  6)  embodies  many  new  fea- 
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lures  in  motor-construction  and  general  design,  and,  under  practicaltest,  has  shown 
that  it  is  particularly  adapted  to  the  work  required  of  it.     It  is  built  for  a  3-feet 


Fig.  7. 


gauge,  and  is  of  the  following  dimensions :  Length  over  all,  9  feet  7  inches ;  width, 
5  feet  3  inches;  and  height,  5  feet  6  inches.     This  last  dimension  can  be  consider- 


266       ELECTRIC    POWER-TRANSMISSION    IN    MINING    OPERATIONS. 

ably  reduced  by  placing  the  rheostat  at  one  end  instead  of  on  the  top,  as  has  been 
done  in  the  present  instance.  The  weight  of  the  locomotive  is  10,500  pounds,  to 
which  1800  pounds  has  been  added  to  increase  traction.  The  motor  employed  is  of 
the  type  "  G"  railway  motor  of  40  horse-power. 

A  novel  trolley-arm  is  nsed,  which  requires  no  attention  when  the  motor  is  re- 
versed. Its  construction  is  such  that  a  wide  variation  in  the  position  of  the  con- 
ductor is  permissible,  a  range  of  3  feet  6  inches  being  easily  covered,  while  the 
meeting  of  an  obstruction  simply  causes  the  trolley-arm  to  fall  by  the  side  of  the  car 
without  resulting  in  any  damage.  From  the  trolley-wheel  the  current  passes  along 
the  arm  to  the  fuse-boxes,  then  through  the  rheostat  and  motor  to  the  rail.  Pinions 
on  the  armature-shaft  mesh  with  intermediate  gears,  connection  between  these  and 
slotted  connecting-rods  being  made  through  the  ordinary  crank-pin  and  box.  This 
arrangement  allows  for  variation  in  position  between  the  wheels  and  body  of  the 
locomotive  which  carries  the  motor;  and,  as  the  crank-pins  on  opposite  sides  are 
placed  at  an  angle  of  90  degrees,  there  are  no  dead  points.  The  brake  mechanism, 
rheostat  and  reversing-switch  may  be  operated  from  either  end  by  the  hand-wheels 
shown  in  the  cut.  The  operator  has  everything  under  complete  control,  and  can 
start  or  stop  the  car  and  reverse  its  direction,  without  moving  from  one  position. 

The  locomotive  is  run  by  one  man,  who  is  assisted  by  a  boy  in  making  up  the 
trains  and  turning  the  switches.  It  displaces  seven  mules  and  three  drivers.  During 
a  period  of»llJ  days  the  average  number  of  cars  delivered  at  the  shaft-bottom  by 
the  locomotive  was  5-59.5,  against  526.95  per  day  delivered  by  mule  haulage,  much 
time  being  consumed  by  waiting  at  the  bottom  of  the  shaft  for  empty  cars  Thus 
far,  the  locomotive  has  shown  that  it  will  increase  the  daily  output  to  700  cars  per 
day.     The  operations  are  as  follows  : 

East  or  Slope  Side. 

Distance  run  per  trip,  including  making  up,  etc.,  .         .  2884  feet. 

Time  of  trip, lOJ  min. 

Cars  per  trip,           ........  15 

Trips  per  day, 16 

Miles  run  per  day, 8.73 

Total  time, 2  h.  40  min. 

Locomotive  reversed  128  times  per  day. 

West  or  Plane  Side. 

Distance  run  per  trip,  including  making  up,  etc.,  .         .  2546  feet. 

Time  of  trip, 6|  min. 

Cars  per  trip, 20 

Trips  per  day, 25 

Miles  run  per  day, 12.55 

Total  time, 2  h.  50  min. 

Locomotive  reversed  104  times  per  day. 

To  deliver  700  cars  per  day  of  10  hours,  the  time  of  running  the  locomotive  is  5 
hours  and  30  minutes,  leaving  4  hours  and  30  minutes  for  contingencies.  The  total 
distance  run  is  21.28  miles,  and  the  locomotive  is  reversed  232  times. 

The  Thomson-Houston  Company  has  now  under  construction  for 
another  Pennsylvania  mine,  a  locomotive  of  60-horse-power  capacity, 
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which  (although  of  the  same  general  type)  will  be  so  modified  in 
design  as  to  stand  only  4  feet  in  the  clear,  above  rails,  the  gauge 
being  3  feet. 

The  same  general  plan  is  applicable  to  mine-tramways,  of  even 
12  or  18  inches  gauge,  suitable  for  narrow  entries,  such  as  are  found 
in  some  of  the  western  gold-  and  silver-mines. 

For  hoisting-purposes,  we  may  have  a  variety  of  forms  and  sizes, 
from  a  3-horse  whip,  for  hoisting  small  buckets,  to  a  machine 
capable  of  operating  a  full-sized  cage  under   its  maximum  load. 

Fig.  10. 


Electric  Hoist,  Side  View. 


Fig.  9  shows  a  hoist  of  the  Webster,  Camp  &  Lane  make,  equipped 
with  a  motor,  for  use  in  the  Ashland  iron-mine,  at  Ironwood, 
Michigan,  while  Figs.  10  and  11  show  different  views  of  a  line 
of  electric  hoists  recently  put  upon  the  market  for  miscellaneous 
uses  and  ranging  from  10-  to  80-horse-po\ver. 

In  the  Castle-Gate  mine,  Utah,  a  35-horse-power  Lidgerwood 
Thomson-Houston  hoist  is  located  about  1000  feet  inside  the  main 
entry,  for  handling  the  trains  at  that  point. 

In  pumping-machinery,  a  peculiar  apathy  seems  to  exist  among 
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prominent  manufacturers  as  to  the  demands  of  this  kind  of  work. 
There  are,  of  course,  innumerable  cases  where  centrifugal  and 
plunger-pumps  have  been  belted  or  geared  to  motors  to  accomplish 
certain  objects;  but  the  pump  shown  in  Fig.  12,  is  the  first  of  con- 
siderable size  which,  to  the  writer's  knowledge,  has  been  designed, 
with  special  reference  to  operation  by  electric  power,  and  which  is, 
in  itself,  a  mechanical  unit,  so  to  speak. 

Fig.  U. 


Electric  Hoist,  Front  View. 


This  pump  is  manufactured  by  the  Gould  Manufacturing  Com- 
pany, of  Seneca  Falls,  N.  Y.,  and  the  table  of  tests  given  below, 
shows  its  efficiency  when  operated  by  a  15-horse-power  motor  of 
special  winding.  These  tests  were  made,  with  a  view  to  determin- 
ing the  general  fitness  of  the  type  for  deep-mining  pressures,  and 
the  results  have  been  considered  sufficiently  satisfactory  to  warrant 
the  designing  of  a  standard  line  of  pumps  of  from  50  to  500  gallons 
per  minute  capacity. 
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Tests  on   Gould 

Pump,  July 

31, 

1890. 

Pressure,  lbs. 
Per  sq.  inch. 

Gallons  per  min 

100 

125 

150 

175 

200 

225 

250 

0 

Electrical  H.  P 

Mechanical  H.  P... 
Efficiency 

1.2 
.12 

.10 

1.5 
.16 
.10 

1.8 
.18 
.10 

2.2 
.21 
.10 

2.7 
.23 
.071 

3.3 
.26 
.071 

8.9 
.26 
.072 

20 

Electrical  H.  P 

Mechanical  H.  P... 
Efficiency 

2.91 
1.38 

.48 

3.67 
1.74 

.47 

4.16 
2.09 

.50 

1 
5.06         5.87 

2.42         2.83 

.48           .48 

6.56 

3.10 

.47 

50 

Electrical  H.  P 

Mechanical  H.  P... 
Efficiency 

5.16 
3.11 

.602 

6.52 

3.95 

.606 

7.75 
4.75 
.612 

8.98 

5.52 

.615 

75 

Electrical  H.  P 

Mechanical  H.  P.. 
Efficiency 

7.30 
4.69 
.643 

8.64 
5.79 
.670 

10.48 
7.06 
.674 

100 

Electrical  H.  P 

Mechanical  H.  P... 
Efficiency 

9.21 
6.16 
.670 

11.54 

7.77 
.673 

12.25 
8.36 
.682 

Speed  of  Pump,  27  revolutions. 

125 

Electrical  H.  P 

Mechanical  H.  P... 
Efficiency 

11.29 

7.74 

.686 

13.88 
9.37 
.675 

150 

Electrical  H.  P 

Mechanical  H.  P... 
Efficiency 

14.02 
9.17 
.654 

15.16 

10.19 

.672 

Speed  of  Pump,  22  revolutions. 

1 

The  Efficiency,  in  this  Table,  is  the  Mechanical,  divided  by  the  Electrical,  Horse-Power.. 


The  pump  as  shown,  consists  of  three  vertical  cylinders,  within 
which  are  three  single-acting  plungers,  their  cranks  being  hung  from 
the  main  shaft  at  120°  angles,  in  order  to  produce  the  most  even 
application  of  power.  In  addition^to  this  class  of  pumps  for  gen- 
eral hydraulic  work,  the  Van  Depoele  type  of  reciprocating-engine 
is  being  adapted  to  a  sinking-purap  which  has,  as  yet,  not  been  suf- 
ficiently tested  to  warrant  further  mention  here. 

I  need  hardly  mention  the  subject  of  ventilating-apparatus,  as 
the  application  of  motors  to  revolving-fans  of  any  kind  is  a  mere 
question  of  belts  or  gears,  thougli  the  fact  that  the  fan,  with  its 
motor,  may  be  located  at  any  desired  point  within  the  mine,  with 
an  expenditure  of  power  hardly  greater  than   would  be  necessary 
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outside,  has  a  marked  bearing  upon  the  general  arrangement  and 
efficiency  of  ventilating-systeras. 

The  question  of  lighting,  also,  though  a  most  interesting  one  to 
the  engineer  and  operator,  hardly  falls  within  the  scope  of  this 
paper.  It  is  sufficient  to  call  attention  to  the  fact  that  the  same 
wires  which  furnish  current  for  a  part  or  all  of  the  apparatus  enu- 
merated above,  will  make  the  interior  of  the  mines  as  light  as  day, 
and  give  a  beneficial  result,  not  only  directly  in  the  amount  of  pro- 
duct, but  indirectly  in  the  satisfaction  and  comfort  of  the  men.  This 

Fig.  12. 
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Gould  Electric  Piirup. 

is  not  theory,  but  has  been  demonstrated  to  the  satisfaction  ot  all 
concerned,  and  in  cases  where  there  was,  at  the  start,  among  the 
miners  themselves,  a  hearty  and  bitter  opposition  to  the  new  system. 

Before  considering  the  question  of  surface-arrangements,  let  us 
pause  a  moment,  to  answer  the  oft-repeated  question  as  to  danger. 

The  danger  of  accident  from  any  class  of  electric  machinery  in 
mining-operations,  is  of  three  kinds  :  first,  physical  injury  from 
contact  with  conductors  or  apparatus,  through  which  a  current  is 
passing ;  secondly,  danger  of  fire  or  explosion  from  a  spark  in  some 
part  of  the  electrical  apparatus;  and,  thirdly,  failure  of  the  appara- 
tus to  work  properly  at  critical  moments.  Regarding  the  first  point, 
it  may  be  said  that  a  limit  of  250  volts  has  been  fixed  by  many  ex- 
perts in  mining  and   electrical   engineering   for  all  apparatus  to  be 
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used  below  the  surface  ;  and  that  permanent  injury  from  aeurreiit  of 
this  tension,  regardless  of  its  amount,  is  absolutely  impossible,  the  only 
liability  to  danger  lying  in  secondary  and  indirect  accidents,  owing 
to  the  surprise  and  momentary  discomfort  due  to  an  accidental  shock. 
A  hot  steatn-pipe  carries  more  danger  for  the  man  who  unexpectedly 
touches  it  than  a  bare  copper  wire  carrying  enough  current  to  cut 
and  haul  two  thousand  tons  of  coal  a  day,  at  the  voltage  named 
above.  As  to  the  second  source  of  danger,  no  electrical  apparatus, 
if  properly  installed,  should  ever  spark,  at  known  and  properly- 
guarded  points;  the  amount  of  protection  at  these  points  being  en- 
tirely dependent  upon  the  knowledge  of  the  designer,  faithfulness  of 
the  operator  and  common  sense  of  the  purchaser,  in  spending  suf- 
ficient money  on  safeguards.  As  to  the  third  point,  no  class  of  ap- 
paratus ever  designed  is  free  from  the  possibility  of  accidental  de- 
rangement, and  at  critical  moments.  But  of  electrical  apparatus,  it 
may  be  said  that  no  type  of  machinery  will  answer  more  quickly  to 
sudden  demands  upon  its  capacity,  or  give  a  plainer  indication  of 
continued  abuse;  while,  on  the  other  hand,  no  system  of  power- 
transmission  is  capable  of  more  rapid  repair  in  case  of  temporary 
derangement.  We  have  but  to  compare  the  work  of  mending  a 
broken  air-  or  steam-pipe,  or  splicing  a  parted  cable,  with  that  of 
making  a  simple  twist  in  a  broken  wire,  and  we  need  not  wonder  at 
the  recent  prophecy  of  a  prominent  naval  officer,  that  coming  war- 
ships would  carry  no  steam  outside  their  boiler-  and  engine  room.* 

Let  us  consider  now  the  demands  of  the  generating-system  which 
will  enable  us  to  furnish  the  proper  current  to  our  apparatus  to  the 
greatest  advantage. 

If  we  have  an  abundant  and  steady  water-power  at  hand,  so  much 
the  better,  as  the  expense  of  maintenance  then  becomes  practically 
a  matter  of  interest  on  investment.  If,  on  the  other  haml,  we  must 
rely  on  steam,  let  us  be  sure  and  have  an  ample  boiler-capacity  to 
begin  with.  Many  an  electric  installation  has  been  condemned  by 
casual  observers  when  the  fault  lay  between  the  coal-pile  and  the 
dynamo-belt.  It  is,  however,  the  province  of  this  paper  to  consider, 
not  the  generation  of  mechanical  energy,  but  its  transmission  ;  and, 
accordingly,  attention  will  be  given  first  to  the  current-generators. 


*  Some  of  our  latest  additions  to  the  navy  have  more  than  twenty  steiitn-engiiies 
for  hoistvS,  pumps,  etc.,  in  different  locations,  any  one  of  which  migiit  be  rendered 
useless  by  a  stray  shot,  not  to  mention  tlie  demoralizing  effect  of  escaping  steam, 
while  the  wires  of  electric  apparatus  for  the  same  purposes  may  be  almost  instantly 
repaired. 
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Fig.  13  shows  a  generator  of  85  horse-power  capacity,  suited  for 
mining  work,  manufactured  by  the  Thomson-Houston  Electric  Com- 

FiG.  13. 


Generator. 


pany.     It  is  equipped  with  sliding  base,  and  self-oiling  bearings, 
and  weighs  10,000  pounds. 

Mounted  on  brick  or  stone  foundations,  in  a  dry,  cool  room,  free 
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from  flying  dust  of  any  kind,  this,  with  A  1  oil,  and  cleanliness, 
should  need  practically  no  att<Mition  except  at  starting  and  stopping. 

Ciieap  machines  will  not  answer  for  mining-work.  One  cannot 
shut  down  for  a  few  hours  whenever  it  is  desirable  to  have  a  new 
commutator  put  on,  or  a  little  shellac  and  braid  here  and  there  ;  and 
a  thousand  dollars  more  on  the  original  investment  is  a  good  deal 
bettei'  than  six  or  seven  hundred  a  year  for  repairs. 

Plates  II.,  III.  and  IV.  show,  respectively,  the  front  and  end 
elevations  and  floor-plan  of  a  power-jilant  just  erected  by  the 
Pleasant  Valley  Coal  Con)pany,  at  Castle  Gate,  Utah,  which  is, 
in  many  respects  a  model  of  its  kind. 

It  has  a  capacity  of  about  750  horse-power  of  generating  ma- 
chinery, which  will  be  u-ed  for  furnishing  current  to  electric  coal- 
cutters, drills,  pumps,  haulage-engines,  ventilating-fans,  etc.,  the  en- 
tire power  needed  for  the  various  mining  operations  being  transmitted 
electrically.  As  this  is  the  first  plant  of  such  magnitude  employing 
electric  apparatus  to  the  exclusion  of  other  systems,  the  result  will 
be  watched  with  interest. 

I  apj)end  some  communications  kindly  furnished  by  gentlemen 
who  have  given  special  attention  to  various  branches  of  the  sulyect 
of  this  paper.  To  these,  as  well  as  to  others  who  have  furnished 
various  data  of  interest,  I  wish  to  express  my  thanks. 

The  Electric-Magnetic  Keciprocating  Engine. 
By  Charles  J.  Van  Depoele. 

One  of  the  recent  developments  in  the  electric  line  is  the  perfec- 
tion of  a  new  electric-magnetic  reciprocating  engine. 

For  years  past,  and,  indeed,  ever  since  electricity  was  first  used  to 
magnetize  an  iron  bar  by  means  of  a  coil  of  wire,  the  idea  of  pro- 
ducing a  reciprocating  motion  by  the  electric  current  has  been  enter- 
tained, and  many  unsuccessful  attempts  have  been  made  to  construct 
and  operate  such  machines. 

It  is  a  well-known  fact  that  when  a  current  is  matle  to  flow  through 
a  coil  of  copper  wire,  or  what  may  be  termed  a  solenoid,  a  bar  of 
iron  placed  near  the  ends  t»f  such  a  coil  will  be  sucked  into  the  so- 
lenoid, and  the  moment  the  current  is  broken  the  plunger  or  iron 
bar  will  be  dropped  by  its  own  weight,  or  may  be  expelled  by  means 
of  springs  if  the  machine  is  in  any  other  position  than  vertical.  This 
principle,  however  beautiful,  could  never  be  successfully  applied  in 
the  construction  of  heavy  machinery  on  account  of  the  make  and 
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break  of  the  circuit,  which  lias  to  take  place  in  order  to  produce  the 
pulsations  of  the  current  whicii  causes  the  pulling  and  letting  go  of 
the  plunger. 

Not  until  the  invention  and  construction  by  the  writer  of  an 
electric  generator  which  would  give  currents  rising  and  falling  at  a 
definite  speed,  could  the  current  be  sent  to  the  coils  of  a  reciprocating 
engine,  there  alternately  attracting  and  repelling  its  ])lunger.  In 
this  apparatus,  however,  as  will  be  seen  later  on,  the  rising  and  fall- 
ing of  the  current  is  produv'cd  in  such  a  way  that  it  is  absolutely 
certain  that  no  spark  is  produced  either  in  the  machine  or  in  the 
generator  producing  the  current.  The  current  is  caused  to  rise  and 
fall  in  closed  circuits,  and  actuates  the  plunger  of  the  reciprocating- 
engine  with  a  s})eed  corresponding  absolutely  to  the  speed  of  the  de- 
fined rise  and  fall  of  currents  produced  by  the  generator.  Thus,  the 
generator  can  be  caused  to  produce,  say  400  pulsations  of  current  a 
minute,  or  it  can  be  made  to  produce  either  a  higher  or  lower  number 
than  this,  so  that  the  engine's  speed  can  be  regulated  according  to 
the  size  of  its  piston  and  the  work  it  has  to  do. 

The  engine  itself  is  a  simple  piece  of  machinery,  consisting  of  two 
or  more  coils  of  copper  wire,  or  solenoids,  incased  in  an  iron  envelope 
protecting  them  from  outside  injury.  Within  these  coils  is  pLaced 
a  brass  tube,  and  within  this  an  iron  plunger,  capable  of  moving  to 
and  fro  under  the  action  of  the  currents  in  the  coils.  To  the  end 
of  this  iron  plunger  is  attached  a  piston-rod,  similar  to  that  of  an 
ordinary  entrine,  and  to  this  is  attached  the  hammer,  drill  or  what- 
ever  tool  is  to  be  operated  by  the  engine, 

A  very  simple  means  of  connecting  the  reciprocating-engine  to 
the  current,  is  api)lied  to  the  machine,  so  that  it  can  be  stoj^ped  and 
started  instantly.  The  cables  leading  from  the  generating-station 
to  where  the  current  is  to  be  used,  are  perfectly  insulated  in  tlie 
usual  manner,  and  switch-boxes  are  disposed  along  the  main  cables. 
From  these,  flexible  cables  are  led  to  the  reciprocating-machine,  so 
that  it  can  be  moved,  if  necessary,  from  one  place  to  another,  with- 
out any  trouble  whatever.  The  cable  is  incased  in  a  rubber  tube  to 
protect  it  from  injury  and  to  prevent  loss  of  current  by  contact  with 
the  ground. 

It  will  readily  be  seen  that  one  of  the  first  applications  of  these 
machines  will  be  to  rock-drills,  such  as  are  now  in  use  in  nearly  all 
raining  and  rock- work,  for  quarrying,  prospecting,  etc.  The  sim- 
plicity of  the  machine  lends  itself  most  readily  to  this  application, 
as  it  will   be  seen  that  there  are  no  movable   parts  on  the  whole 
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nmcliine,  except  the  plunger  and  piston-rod  carrying  the  tool. 
There  are  no  valves,  as  in  steam-engines,  no  switches,  no  make 
and  break  of  the  circuit,  and  no  exposed  current-carrying  parts,  so 
that  the  whole  can  be  handled  with  safety  and  without  any  skill 
above  that  of  common  laborers.  By  turning  on  the  switch  the  ma- 
chine is  started  ;  by  turning  off  the  current,  it  is  stopped.  There  is 
absolutely  nothing  to  be  done  to  the  machine,  except  occasionally  to 
pour  in  a  few  drops  of  oil,  to  lubricate  the  piston  and  its  rod. 

For  ordinary  mining-work  the  drill  is  mounted  on  a  tripod  simi- 
lar to  that  now  in  use  with  the  steam-  and  air-drills  which  are  well 
known  to-day,  or  it  can  be  attached  to  horizontal  bars  or  to  vertical 
columns;  in  fact,  it  lends  itself  to  absolutely  the  same  work  as  has 
been  done  heretofore  by  the  air-  and  steam-drills.  It  will  work  in 
any  position,  from  horizontal  to  vertical.  The  weight  of  these  drills 
will  be  approximately  the  same  as  that  of  the  steam-  or  air-drills  of 
the  same  capacity,  and  everything  is  so  arranged  that  the  men 
accustomed  to  work  the  latter  machines  will  find  no  difficulty  in 
operating  the  new  electric  drills. 

The  apparatus  for  generating  currents  to  operate  these  drills  or 
electric-magnetic  engines,  can  be  placed  at  any  distance  from  where 
the  drills  are  at  work,  and  any  number  of  drills  can  be  worked  from 
the  same  source,  each  drill  working  independently  of  the  other,  and 
whether  one  or  more  are  in  operation,  the  generator  will  regulate 
and  furnish  a  current  exactly  proportional  to  the  demand. 

Where  a  long  distance  exists  between  the  generator  and  the  place 
where  the  current  is  to  be  distributed,  a  system  of  conversion  is  used  ; 
that  is,  the  current  is  changed  from  a  high  to  a  low  potential,  so 
that  the  primary  current,  transmitting  the  power  from  the  prime 
motor,  can  be  of  a  high  tension.  Since  this  current  could  beguarded 
against  possible  contact,  there  would  be  no  danger  in  using  high 
voltage.  At  the  point  of  application,  the  high  potential  is  converted 
to  a  low  potential  of  such  pressure  only  as  may  be  found  desirable 
and  practicable.  Where  the  distance  is,  say,  only  1  or  2  miles,  it 
will  not  be  necessary  to  use  any  system  of  conversion  whatever,  as  a 
current  of  suitable  potential  can  be  run  directly  from  the  generator 
to  the  mines. 

The  main  advantage,  however,  is  the  superior  economy  over  the 
motors  now  in  use  where  steam  or  air  is  to  be  conveyed  to  a  distance 
of  only  a  few  hundred  feet.  There  is  an  enormous  loss  in  this  trans- 
mission, and  methods  of  steam-  or  air-transmission  are  certainly 
very  limited  in  scope.  There  is,  also,  the  trouble  of  leakage,  making 
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a  system  of  piping  much  more  costly  in  maintenance;  but  this  is 
done  away  with  when  electricity  is  employed.  All  parts  are  so 
simple,  that  they  will  require  little  or  no  repair  for  very  long  terms; 
and  such  repairs  as  will  have  to  be  made,  will  always  be  much  less 
expensive  than  in  the  case  of  steam-  or  air-driven  machines. 

The  Practical  Application  of  Electricity  to  Coal-mines. 

By  J.  S.  Doe. 

It  is  now  only  about  fourteen  months  since  the  Jeffrey  electrical 
coal-mining  machine  made  the  first  really  practical  test  of  electricity  in 
the  mining  of  coal  on  record  in  this  country.  This  was  carried  out 
in  April,  1889,  in  the  mines  of  the  Shawnee  and  Iron  Point  Coal 
and  Iron  Company,  at  Shawnee,  Perry  County,  Ohio,  in  what  is 
known  as  the  Big  Vein  coal-field  of  Hocking  Valley.  This  com- 
pany had  previously  been  experimenting  upon  electrical  haulage, 
and,  to  this  end,  had  put  in  a  power-plant  consisting  of  a  40  horse- 
power generator,  built  by  Force  Bain,  of  Chicago,  III.,  with  an 
exciter,  both  being  belted  direct  to  a  Beck  high-speed  engine  of  60 
horse-power.  The  terminal  potential  of  the  generator  is  260  volts, 
and  that  required  by  the  mining  machine  motors  is  220  volts ; 
therefore,  there  is  a  loss  of  40  volts  in  the  line.  In  the  coui-se  of  the 
experiments  at  the  Shawnee  mines,  the  Jeffrey  Manufacturing  Com- 
pany, which  had  been  raanufiicturing  for  the  past  ten  years  a  coal- 
mining machine  run  by  compressed  air,  was  called  upon  to  assist  the 
coal  company  in  the  installation  of  its  plant,  and,  in  connection  with 
that  work,  made  and  put  in  for  trial  the  first  electrical  mining-ma- 
chine. The  same  machine,  with  only  a  few  minor  changes,  has  been 
in  practical  daily  operation  in  the  mines  ever  since;  and  during  the 
same  period,  the  Jeffrey  Manufacturing  Company  has  installed  or 
contracted  for  23  electrical  mining-machines,  as  follows: 

The  Thurmond  Coal  Company, Thurmond,  W.  Va.,  four  machines, 
with  two  80  horse-power  generators,  and  two  85  horse-power  high- 
speed engines. 

The  Sterling   Mining  Company,  Cannelton,  Pa.,  two   machines,  ^ 
with  one  80  horse-power  generator,  and  one  85  horse-power  engine. 

The  Monongah  Coal  and  Coke  Company,  Camdenburg,  ^\  .  Va., 
five  machines  with  three  generators  and  three  engines.  This  com- 
pany will  add  more  machines  as  fast  as  territory  is  opened  to  permit 
their  use. 

The  Consumers'  Coal  Mining  Company,  Spilraan,  W.  Va.,  two 
machines,  one  60  horse-power  generator,  and  one  engine. 
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The  Ellsworth  and  Morris  Coal  Company,  Jobs,  Ohio,  four  ma- 
chines, with  two  generators,  and  one  150  horse-]iower  engine.  This 
company  has  also  given  an  order  for  anotiier  plant  of  four  machines. 

The  Upson  Coal  Company,  Shawnee,  Ohio,  is  now  putting  in  a 
plant  to  consist  of  two  or  more  machines. 

All  the  foregoing  plants  have  suffi(!ient  additional  power  to  run 
from  one  to  four  more  machines  when  required.  A  numl)er  of  other 
orders,  calling*  for  many  machines,  are  under  negotiation  at  this 
time,  and  several  of  the  above  companies  have  contracted  for  addi- 
tional machines,  after  a  practical  trial  of  their  first  ones,  thereby 
testifying  to  their  satisflK^tlon  with  the  use  of  electric  ty  in  coal- 
mining. The  distance  from  the  power-house  to  the  working-])laces 
in  the  mines,  varies  In  the  above  instances  from  1000  to  upwards  of 
5000  feet. 

As  already  observed,  the  motors  on  the  mining-machines  are 
wound  for  220  volts,  with  a  capacity  of  15  horse-power.  This  volt- 
age has  been  found  to  be  perfectly  safe,  there  being  no  danger  from 
any  accidental  contact  with  the  wire.  The  amount  of  work  done 
by  each  machine  averages  from  600  to  900  square  feet  of  surface 
under-cut  in  10  hours.  It  requires  two  men  to  handle  the  machine. 
The  machines  cut  into  the  coal  or  fire-clay  bottom,  as  may  be  desired, 
at  the  rate  of  about  1  to  1|  feet  per  minute  ;  the  standard  machine 
under-cutting  5  or  6  feet  deep,  39  or  42  inches  wide  and  4  Inches 
high.  After  the  cut  is  made,  the  cutter-bar  is  withdrawn  by  throw- 
ing a  lever;  the  machine  is  then  moved  over  the  length  of  the  cutter- 
bar  for  another  cut,  and  proceeds  as  before.  Upon  completion  of  the 
room,  the  machine  is  loaded  upon  a  truck  provided  for  the  purpose, 
and  moved  into  another  room  for  more  cutting;  the  first  room  being 
then  drilled  and  the  coal  shot  down  for  loading. 

The  same  power,  electricity,  has  been  applied  to  the  running  of 
electrical  drills,  maiuifactured  by  the  Jeffrey  Company.  These  drills 
penetrate  the  coal  at  the  rate  of  two  or  more  feet  per  minute.  The 
mines  are  also,  in  some  instances,  lighted  by  Incandescent  electric 
lamps.  Electricity  is  also  applied  to  the  running  of  pumps  and 
fiins  in  some  of  the  above-named  coal-mines,  with  perfectly  satis- 
factory results.  There  can  be  no  doubt  that  elec^tricity  in  coal-mines 
has  become  a  permanent,  practical  success.  We  are,  however,  only 
in  the  'infancy  of  its  uses.  There  will  be  many  and  valuable  im- 
provements made  as  time  progresses;  but,  with  the  light  we  have, 
it  is  evident  that  considerable  advantages  will  accrue  to  those  who 
first  put  in  electrical   coal-mining  machinery.     The  saving   in   the 
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cost  of  mining  coal  by  machinery,  as  compared  with  hand-work,  varies 
considerably  in  different  localities  and  in  different  sized  veins;  but 
it  mav  be  roui^lily  estimated  to  average  about  20  to  25  i)er  cent., 
with  an  additional  saving  of  merchantable  product,  since  machine- 
mined  averages  coarser  than  hand-mined  coal. 

A  few  words  may  be  added  on  the  use  of  electricity  in  the  hauling 
of  coal.  It  is  unnecessary,  at  this  late  day,  to  call  attention  to 
electricity  as  a  motive  power  in  the  transportatioi>  of  heavy  and 
quick-moving  loads.  Our  many  street-railway  lines  give  us  daily 
and  hourly  demonstration  of  that.  The  Jeffrey  Manufacturing 
Company  is  building  and  has  in  practical  operation  electric  mine 
motor-cars  of  20  horse-power  capacity,  es^h  weighing  5  tons  ;  the 
same  type  of  motor,  with  the  same  voltage,  being  used  as  on  the 
mining-machines.  The  frame  of  the  motor-car  is  made  of  cast-iron, 
with  heavy  cast-iron  draw-bars,  and  pilots  to  clear  the  track  of  any 
obstruction,  such  as  coal,  etc.  The  wheels,  20  inches  in  diameter 
have  steel  tires  with  steel  axles,  power  being  transmitted  from  the 
motor  to  the  axles  through  straight  pinions  and  gears.  The  speed 
of  the  motor-car  is  8  miles  per  hour.  The  electrical  power  is  trans- 
mitted to  the  motor  by  means  of  a  4-wheeled  trolley  running  on  a 
double  all-metal  line,  placed  along  the  side  of  the  entry,  there  being 
no  rail-  or  ground-return.  Sand-boxes  and  electric  head-lights  are 
placed  upon  the  motor.  The  "  motorneer "  sits  at  one  end,  and 
handles  and  guides  his  iron  horse,  fed  from  nature's  storehouse,  with 
far  more  comfort  and  ease  than  can  be  had  with  the  stubborn  mule. 

The  Jeffrey  motor-car  has  hardly  as  yet  demonstrated  its  maximum 
power.  We  cannot  say  how  much  coal  it  would  haul  on  a  level.  It 
has  hauled  as  high  as  50  tons  in  one -train,  up  and  over  a  4  J  per  cent, 
grade.  The  Shawnee  and  Iron  Point  Coal  and  Iron  Company  have 
one  of  these  cars,  and  the  Thurmond  Coal  Company  another,  while 
the  Upson  Coal  Company  is  putting  in  the  plant  for  one. 

Accumulators  and  Mining. 

By  Francis  A.  Pocock. 

At  the  Washington  meeting,  in  February,  1890,  Mr.  Pedro  G.  Salom 
read  a  paper  on  ''Electrical  Accumulators,  or  Storage  Batteries." 

In  the  following  paper,  it  will  be  my  object  to  investigate  the 
question,  as  far  as  possible,  from  a  purely  mining  point  of  view. 
That  the  use  of  accumulators  in  mines  is  not  far  off,  is  almost  cer- 
tain; and  it  will  be  of  interest  to  many  of  the  members  to  see  how 
far  this  reservoir  of  power  will  bear  filling  and  drawing  upon  at  the 
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present  time,  and  what  tlie  relative  cost  of  tlie  two  electrical  sys- 
tems may  be  expected  to  be,  not  so  nmcli  in  first  outlay  as  in  the 
running  expenses  of  the  plant. 

The  first  thing  to  be  de(!i(led  is  .the  weight  of  these  accumulators, 
and  the  easiest  way  to  define  this,  is  the  weight  per  horse-power. 
Mr.  Salom  says,  it  takes  25  pounds  of  battery  to  give  1  horse-power- 
hour,  and  that  to  give  100  horse-power-hours,  or  10  horse-power  for 
10  hours,  requires  5500  pounds  of  battery,  or  220  elements;  but  25 
pounds  is  the  net  weight  and  32  pounds  the  real  total  uj)()n  which 
we  must  base  our  calculations,  so  that  we  have  a  total  of  7040 
pounds  as  the  weight  of  this  battery.  The  next  question  is,  How 
much  room  will  this  take  upon  a  mine-locomotive?  A  mine-loco- 
motive of  10  horse-power  should  not  be  more  than  9  feet  long,  and  2 
feet  of  this  will  betaken  up  by  the  bumpers,  leaving  7  feet  in  length 
for  the  battery.  Then  for  a  3-foot  track  it  should  not  be  more  than 
5  feet  wide.  Allowing  1  inch  all  round  a  cell,  it  will  be  possible  to 
set  ninety-six  of  these  on  the  floor-space  of  the  locomotive  ;  but  we 
must  have  fourteen  more  than  this,  which  will  make  the  width  68 
inches.  The  height  of  this  cell  is  8  inches;  and,  allowing  2  inches 
space  above  it,  and  IJ  inches  of  plank,  the  top  of  the  second  tier 
will  be  19|  inches  high  above  the  floor. 

If  the  motor  is  to  be  placed  below  this  floor  (and  there  is  no  other 
place  for  it),  then  the  bottom  of  the  floor  will  be  2.6  inches  from 
the  track;  and,  allowing  the  floor  to  be  3  inches  thick,  to  stand  the 
weight,  the  top  of  this  car  will  be  4  feet  4J  inches  above  the  track. 
Remembering  that  the  height  of  the  40  horse-power  motor  at  Lykens 
Valley  is  only  4  feet  high,  and  the  one  at  Erie  Colliery,  also  40  horse- 
power, is  4  feet  4  inches  high,  and  that  they  are  both  narrower  and 
of  the  same  length  as  the  proposed  storage-motor,  and  of  four  times 
the  power,  there  is  certainly  one  point  established  against  the  present 
use  of  accumulators. 

Table  of  Weight,  etc.,  of  Electric  Mine- Locomotives. 


Horse-Power  of 

Weigfht  of 

Largest 

Speed. 

Location. 

Motor. 

Locomotive. 

Load. 

Miles 

Pounds. 

Tons. 

Per  Hour. 

Zankerode, . 

.       4.5 

3000 

^H 

6 

Paiilus, 

.     5  to  6 

4200 

6 

Lykens, 

.       40 

12,000 

165 

G.8 

i( 

.       40 

12,000 

150 

6.8 

Sliawnee, 

4500 

21 

5 

Euckingliam, 

. 

7000 

60 

8 

i( 

. 

4000 

30 

8 

Bear  Run, 

.       60 

18,000 

150 

6 

Erie,  . 

.       40 

13,500 

107 

6 
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Returning  to  the  subject  of  weight,  we  calculate  that,  to  that  of 
the  accnmnlators,  7040  jiounds,  must  be  added  that  of  the  motor, 
say  1300  pounds,  the  wheels  and  axles,  say  1100  pounds,  and  the 
frame  of  the  macliine,  say,  for  strength  alone,  1400  pounds,  giving 
the  total  weight  of  motor,  etc.,  as  10,840  pounds. 

From  the  above,  it  appears  that  the  small  German  motors  weigh 
about  700  pounds  per  horse-power,  and  that  the  large  American 
motors  only  weigh  300  pounds  per  horse-power,  whereas  the  accu- 
lator-motor  would  weigh  at  least  1000  pounds  per  horse-power.  It 
is  true  that  weight  is  necessary  to  traction,  but  it  is  also  true  that 
unnecessary  weight  will  entail  loss  of  power,  and  from  the  very 
limited  information  at  hand  it  appears  that  700  pounds  per  horse- 
power is  found  to  work  satisfactorily  with  small  motors,  and  that  the 
weight  per  horse-power  decreases  as  the  horse-power  increases.  Con- 
sequently, for  a  10  horse-power  motor,  1000  pounds  per  horse- 
power appears  to  be  too  high.  There  will  be  a  waste  of  power  in 
moving  this  weight  and,  if  we  wished  to  o})erate  a  40  horse-power 
locomotive  with  batteries,  the  number  of  cells  would  be  880,  and 
their  weight  28,160  pounds.  They  might  be  divided  into  two  bat- 
teries and  towed  in  a  tender,  but  even  then  each  would  weigh 
14,080  pounds  and  this  would  absorb  at  least  500  pounds  of  the 
total  pull  of  the  motor,  wiien  running  on  the  level,  and  considerably 
more  where  grades  are  to  be  overcome. 

Dr.  Lewis  Bell  has  pointed  out  that,  whereas  a  good  roadbed  is 
necessary  for  electrical  traction  by  overhead  wire,  it  is  even  more  im- 
peratively so  when  storage-batteries  are  used.  We  have  found  in 
practice  that  a  25  pound- per-yard  steel  rail  is  too  light  for  a  locomo- 
tive of  13,000  pounds  weight  to  be  run  upon  ;  therefore,  there  is  no 
saving  to  be  looked  for  in  this  direction  by  the  use  of  accumulators. 
On  the  contrary,  when  we  begin  to  put  in  a  roadbed  heavy  enough 
to  stand  the  weight  of  a  locomotive  weighing,  say,  23,000  pounds, 
there  are  many  disadvantages  that  the  colliery-manager  will  be  the 
first  to  see.  Besides  the  first  cost  of  the  track,  the  keeping  of  this 
weight  of  track  in  good  repair,  in  a  mine  where  the  floor  is  forever 
moving  (as  it  is  in  many  of  our  mines),  would  be  a  work  of  no  slight 
expense  in  itself  It  appears,  therefore,  that  not  much  is  to  be  ex- 
pected from  accumulators  as  a  means  of  haulage. 

However,  this  is  one  side  of  the  question  only.  There  is  another 
side  which  should  be  considered,  and  that  is  the  use  of  the  accumu- 
lator-motor in  collecting  the  cars  to  a  point  where  the  heavy  haulage- 
motor  can  reach  them.     The  prospect,  as  viewed  from  this  point,  is 
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more  encouraging.  From  what  I  have  seen  of  the  work,  a  motor, 
of  al)ont  5  liorse-power  would  do  the  work  of  three  or  four  mules, 
and  the  weight  would  be  about  5000  pounds,  as  follows: 

'  Pounds. 

Accnmnlators  (110  cells),  .         .         • 3500 

Motor, 600 

Wheels  and  frame, 1000 

Total  weight, 5100 

This  machine  could  be  built  low,  so  as  to  take  up  little  height. 
It  is  only  possible  to  make  this  form  a  commercial  success,  in  my 
opinion,  when  the  gangways  are  low  and  the  roof  would  have  to  be 
cut  to  gain  height  enough  for  mules  to  work.  Then,  the  cost  of  the 
cutting  saved  by  the  use  of  the  motor  would  counterbalance  the 
repairs  on  the  battery  and  the  extra  care  and  expense  in  laying  and 
keeping  the  track  in  order.  The  cost  of  the  system  may  be  estimated 
as  follows — assuming  the  first  cost  of  the  locomotive  complete  to  be 
§2300,  and  allowing  that  the  mine  can  afford  to  charge  these  cells  for 
$40  per  horse-power  per  year,  the  generator  and  engine  being  already 
installed  and  doing  work  during  the  day-time,  and  this  sum  repre- 
senting fuel  and  interest  on  machinery.  The  attendance  should  not 
be  more  than  $300  per  year,  as  the  pump-raan  and  night  engineer 
can  do  the  work  : 

Estimate  of  Expense  of  5  Horse-power  Accumulator- Motor. 

Interest,  at  6  percent.,  011^2300.00, 11.38.00 

Eepair-s  to  battery, 500.00 

Eepairs  to  motor,  etc., .         .......  150.00 

Cost  of  power,  at  $40.00  per  horse- power,     ....  200.00 

Attendance  in  charging  at  night,         .....  300.00 

Engineer,  at  $2.00  per  day,  for  260  days,      ....  520.00 

$1808.00 

The  cost  of  running  three  mules  and  drivers  would  be  about  as 
follows  : 

Interest  and  depreciation  (26  per  cent.),  on  |;450.00,     .         .      $117.00 
Feed,  shoeing,  harness  and  attention,  at  $0.33  per  day,  .         361.00 

Three  drivers,  for  260  days,  at  $2.00  per  day,       .         .         .       1560.00 

Total $2038.00 

Less, 1808.00 

Annual  saving  on  3  mules,     ....      $230.00 

Or,  for  4  mules:  total  expense $2717.00 

Less, 1808.00 

Annual  saving  on  4  mules,     ....       $909.00 
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Or,  about  44  per  cent,  on  the  investment,  under  the  circumstances 
assumed. 

The  rail  and  track  being  an  important  item  in  the  economy  of  this 
method,  I  think  that  perhaps  the  cheapest,  and  at  the  same  time  the 
best  method  would  be  to  use  from  20-  to  25-pound  steel  rail,  and,  in 
laying  the  track,  to  place  the  ties  first  about  3  feefe  apart  from  center 
to  center,  and  on  these,  and  under  each  rail,  to  place  a  string-piece 
of  wood  1|  by  3  inches,  nailed  to  the  ties,  and  spike  the  rails  on  the 
top,  keeping  the  stringer-joints  and  the  rail-joints  from  coinciding. 
The  combination  makes  a  solid  track,  and  a  very  smooth-running 
one,  and  it  has  the  advantage  of  not  lifting  easily  into  very  uneven 
points ;  the  ends  of  the  rails  do  not  jump  as  when  only  laid  on  the 
ties,  and  the  track  has  not  the  spring  to  it  which  is  so  injurious. 

The  true  place  for  accumulators  at  pre-ent  is  in  lighting,  and 
it  looks  as  if  they  could  be  used  to  advantage  in  this  connection. 
They  are  very  heavy,  it  is  true;  but  the  lighting-arrangement  for 
eight  hours'  work  would  not  be  a  large  or  very  heavy  affair,  and 
could  be  taken  to  the  working-place  on  the  first  car,  and  brought 
out  on  the  last,  so  that  it  would  not  have  to  be  carried  by  hand  at 
all.  The  advantage  to  the  operator  would  be  material,  as  the  men 
can  work  better  in  good  light  than  in  poor,  and  the  coal  would  come 
faster  and  cleaner  from  a  well-lighted  place.  The  lighting  of  switches, 
turnouts,  etc.,  could  be  easily  accomplished  in  all  parts  of  the  mine, 
and  the  jar  which  would  be  detrimental  to  traction  would  not  occur 
in  this  case.  The  charging  could  be  done  at  night,  and  a  clear 
steady  light  delivered  during  the  working  hours. 

The  Use  of  Electric   Power-Transmission  at  Aspen, 

Colorado. 

By    C.    E.    DOOLITTLE. 

At  the  request  of  Mr.  Spaulding,  I  give  a  brief  statement  in  regard 
to  the  plant  in  use  at  this  place  by  means  of  which  water-power  is 
utilized  for  generating  electric  currents  and  the  latter  are  applied  to 
mine-hoisting,  etc. 

This  mining-town  had  been  lighted  by  electricity  for  three  years, 
the  power  being  obtained  from  several  small  water-powers,  when 
owing  to  the  limited  quantity  of  water  flowing  in  the  mountain 
streams  of  this  region  in  winter,  it  became  necessary  either  to  put 
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in  a  steam-plant  or  to  use  water  under  a  ranch  greater  licad.  It  was 
determined  to  adhere  to  water-power ;  and  the  construction  of  a  plant, 
to  use  water  under  a  head  of  900  feet,  was  begun  eighteen  months 
ago. 

A  dam  was  built  on  Hunter  Creek,  about  three  miles  from  town, 
at  a  point  where  a.  dam  12  feet  in  height  creates  a  reservoir  covering 
several  acres  of  ground.  It  has  been  necessary,  during  a  few  of  the 
coldest  winter  nights,  to  draw  upon  the  supply  of  water  in  this 
reservoir,  but  the  reservoir  always  refilled  itself  during  the  following 
day. 

From  the  dam,  the  water  is  carried  some  two  miles  in  a  wooden 
flume,  buried  in  the  ground,  to  the  head  of  the  pipe-line.  The 
pipe-line  is  4500  feet  long,  and  has  a  fall  of  876  feet,  giving  a  pres- 
sure of  380  pounds  per  square  inch  at  the  water-wheels.  Lap- 
welded  pipe,  14  inches  in  diameter  and  about  J  inch  in  thickness,  is 
used. 

In  the  power-house  there  are  eight  Pelton  water-wheels,  each  two 
feet  in  diameter,  and  each  capable  of  developing  150  horse-power. 
The  water-wheels  run  at  the  rate  of  1100  revolutions  per  minute, 
and  each  wheel  is  belted  directly  to  one  or  more  dynamos.  This 
power  has  now  been  in  use  more  than  a  year  and  has  proved  abso- 
lutely reliable.  The  wheels  at  present  furnish  power  to  operate 
three  arc-dynamos,  sixty  lights  each  ;  four  incandescent  dynamos, 
supplying  2500  incandescent  lamps,  and  two  500  volt-power  dyna- 
mos, one  requiring  about  60  horse-power,  the  other  about  120  horse- 
power under  full  load.  These  power-generators  furnish  current  to 
electric  motors  used  principally  for  hoisting  in  mine-inclines.  For 
this  purpose,  motors  of  the  street-car  type  are  used,  so  that  the 
speed  is  under  control  of  the  engineer.  The  motors  are  connected 
to  ordinary  mine-hoists  by  spur-gearing  and  paper  friction-wheels. 
These  electric  hoists  are  all  underground,  at  points  where  it  would 
be  both  difficult  and  expensive  to  obtain  power  in  any  other  way! 
The  distance  of  the  motors  from  the  dynamos  is,  in  most  cases,  about 
2  miles.  Some  of  the  hoists  have  been  running  more  than  two  years, 
and  all  have  proved  satisfactory  and  reliable.  The  expense  for 
motor-repairs  has  been  very  small.  There  are  also  motors  in  use 
for  running  blowers,  rock-crushers,  etc.  The  motors  range  in  size 
from  3  to  75  horse-power. 

An  electric  tramway  for  mine  use  is  now  in  process  of  construc- 
tion.    The  locomotive  for  this  purpose  consists  of  a  street-car  mo- 
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tor,  nioiintod  on  a  triu-k,  with  llio  armature-shaft  at  right  angles 
to  the  car-axl(v-.  This  arrangetnent  involves  the  use  of  a  set  of 
l)ovel-<j:ears.  There  should  l)o  a  special  motor  for  this  ])ur^)0'^e,  so 
designed  that  the  locomotive  will  not  he  too  broad  to  I'un  on  the 
18-iueh-gauge  tracks  when  the  armature-shaft  is  placed  parallel  to 
the  axles,  thus  allowing  spur-gearing  to  be  used. 

A\'hilc  the  application  of  electric  motors  to  hoisting  has  been 
a  ]M-onouuced  success,  there  are  still  two  obstacles  in  the  way  of  the 
general  utilization  of  electricity  for  all  mining  purposes,  viz.,  the 
lack  of  electric  drills  and  electric  pumps.  As  soon  as  an  electric 
drill  is  jiroduced  that  will  do  the  work  of  an  air-drill,  and  an  elec- 
tric ]ium]i  that  will  take  the  place  of  the  present  sinking-pump, 
then  the  time  for  the  general  application  of  electricity  for  all  mining 
purj)oses,  to  the  exclusion  of  other  power,  will  be  at  hand. 

Discussiox. 

R.  W.  Raymoxd,  New  York  City:  In  this  interesting  survey  of 
the  dejiartment  in  which  our  mining  engineers  have  done  so  much 
during  the  last  two  or  three  years  I  think  the  most  important  feature 
is  the  description,  furnished  by  Mr.  Van  Depoele,  of  the  electric^ 
mairnetic  recii)rocatinir  en";ine.  If  I  understand  it  correctly,  the 
electric  generator  constituting  the  essential  j)art  of  this  engine  gives 
a  pulsating  (not  an  alternating)  current,  which  can  be  "converted" 
in  the  same  manner  as  an  alternating  current,  thus  making  it  possible 
to  do  for  power  what  is  now  done  for  electric  lighting,  namely,  trans- 
mit electrical  energy  at  high  voltage  over  long  distances,  and  trans- 
form it  into  induced  (piantity-currents  at  lower  tension  for  use.  The 
great  saving  of  material  for  conductors  is  only  one  of  the  advantages 
of  this  method.  As  illustrated  in  the  employment  of  the  alternat- 
ing current  for  lighting,  it  has  achieved  a  ra|)id  commercial  success. 
But,  so  far  as  I  know,  the  alternating  current  has  never  been  con- 
verted with  satisfactory  results  into  a  direct  current  for  power.  Since 
the  "conversion"  of  a  high-tension  into  a  quantity-current  is  simply 
the  production  of  an  induced  current  at  the  cost  of  the  energy  of  the 
primary  one,  and  since  the  effect  of  induction  depends  ou  the  elec- 
trical changes  in  the  primary  conductor,  so  that  a  direct  and  perfectly 
uniform  current  would  generate  no  induced  current  at  all,  it  seemed 
likely  that  tin;  alternating  current  only,  consisting  as  it  does  of  a 
series  of  rapid  reversals,  could  be  effectively  "converted,"     But  the 
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resulting"  induced  current  is  necessarily  an  alternaling  one  likewise, 
and  in  that  form  has  not  been,  so  far  as  I  know,  successfully  utilized 
for  power.  The  problem,  therefore,  has  heretofore  seemed  to  me  to 
be  to  take  the  alternating  quantity-current  derived  by  induction  from 
an  alternating  high- potential  current,  and  further  convert  it  into  a 
direct  quantity-current.  The  o{)eration  of  the  commutator  on  the 
dynamo  seemed  to  me  to  furnish  a  hint  in  this  direction.  But  it 
was  probable  that  this  operation,  even  if  practicable,  would  prove 
too  cumbersome  and  expensive  for  any  such  general  use  as  is  now 
made  of  the  ordinary  transformers  of  the  alternating  system. 

Now  this  employment  of  a  regularly  fluctuating,  that  is,  a  pulsat- 
ing, direct  current  as  the  primary  current,  with  the  means  of  utiliz- 
ing either  the  primary  or  its  induced  current  to  generate  a  recipro- 
cating motion,  appears  to  be  an  ingenious  solution  of  the  problem  in 
an  unexpected  way.  The  important  questions  of  economy  and  effi- 
ciency remain  to  be  answered  by  careful  tests  and  measurements. 
They  are  two-fold,  relating  first,  to  the  efficiency  of  the  engine  itself 
as  compared  with  the  energy  of  the  operating  current,  and  secondly, 
to  the  economy  of  the  conversion  of  a  pulsating  as  compared  with 
the  conversion  of  an  alternating  current. 

In  my  judgment,  the  second  inquiry  is  more  important,  because 
effective  motors  for  direct  primary  currents  already  exist ;  whereas, 
if  this  engine  can  be  operated  with  economy  by  an  induced  current, 
it  will  command  an  exclusive  field  of  its  own. 

On  general  principles,  I  should  expect  the  conversion  of  a  pulsat- 
ing current  to  be  less  effective  than  that  of  an  alternating  one,  be- 
cause the  changes  on  which  induction  depends  are  less  complete.  It 
seems  reasonable  to  conclude,  therefore,  that  to  produce  an  induced 
current  of  a  given  electrical  energy,  the  prinfery  current,  if  pulsating, 
would  have  to  carry  a  greater  energy  than  if  alternating. 

But  it  must  be  remembered  that  the  pulsating  current  is  not  com- 
peting in  this  field  with  the  alternating,  but  undertaking  to  do  some- 
thing which  the  latter  has  not  yet  done.  The  real  competition  is 
with  the  ordinary  direct  primary  current ;  and  the  exclusive  field 
of  the  new  device  will  begin  where  the  considerations  of  economy 
make  the  usual  system  of  electrical  power-transmission  disadvan- 
tageous. 

jNIr.  Spaulding  :  Dr.  Raymond's  statement  regarding  the  pecu- 
liarities of  the  reciprocating  system  is  entirely  correct,  and  I  may  say 
that  the  reason  why  more  prominence  is  not  given  to  this  apparatus 


286       ELECTRIC    POWER-TRANSMISSION    IX    MIXING    OPERATIOi^S. 

in  the  paper  just  presented  to  you  is  that,  while  our  experiments 
thus  far  have  been  perfectly  satisfactory,  we  have  not  entirely  com- 
pleted them,  nor  have  the  results  of  the  experiments  already  made 
been  tabulated  with  sufficient  comprehensiveness  up  to  the  present 
time  to  present  before  the  Institute. 

As  soon  as  we  have  completed  the  work  and  have  obtained  accu- 
rate data  regarding  this  apparatus  I  shall  take  great  ])leasure  in  pre- 
senting the  results  to  the  Institute  for  its  consideration. 

James  Douglass,  Xew  York  City:  I  may  be  forgiven  for  telling 
a  dream  that  I  have,  which  depends  for  its  realization  upon  the 
transmission  of  i)ower.  Like  all  of  us  who  are  engaged  in  mininsr, 
I  have  been  led  to  recognize  the  importance  of  agriculture,  especially 
in  its  broad  relation  to  that  industry.  Near  one  of  the  mining 
towns  in  the  West  with  which  I  am  intimately  connected,  we  have 
a  vast  body  of  agricultural  land,  which  is  to  all  intents  and  pur- 
poses a  desert,  and  yet  it  is  underlain  from  five  to  thirteen  feet  below 
the  surface  by  large  bodies  of  water.  The  methods  heretofore  pro- 
posed for  the  irrigation  of  our  western  lands  depend  chiefly  upon 
carrying  water  from  our  living  water  sources,  or  storing  the  water 
that  falls  in  abundance  at  certain  seasons  of  the  year,  and  using  it 
during  dry  seasons  for  the  irrigation  of  desert  tracts.  Xow,  some 
miles  from  our  mining  town  we  are  doing  some  work  upon  a  coal- 
field and  my  dream  is,  if  the  coal-fields  turn  out  as  well  as  I  hope 
they  will,  to  use  the  slack-coal  at  the  mines  for  the  generation  of 
power,  transmit  that  power  by  electricity  over  this  grand  valley 
(which  is  about  120  miles  long  by  20  miles  wide)  and  use  it  at  a 
number  of  isolated  pumping-plants.  This  would  do  away  with  the 
intricate  system  (attended  likewise  with  considerable  danger  and 
risk),  of  large  storage-reservoirs  and  of  a  very  costly  network  of 
canals  for  conducting  the  water  from  such  large  storage-reservoirs  to 
the  periphery  of  the  area  which  we  intend  to  iriigate.  It  seems  to 
me  that  such  a  use  of  the  power  in  the  West  is  sure  to  grow  up  and 
that  large  areas  of  our  western  land  will  ultimately  be  irrigated  by 
isolated  pumping-plants  operated  by  electricity,  transmitted  from 
different  sources  where  there  is  either  water-power  or  slack-cual. 

EcKLEY  B.  CoxE,  Drifton,  Pa.:  In  some  of  our  Pennsylvania 
coal-mines  the  electric  locomotive  has  been  successfully  introduced. 
At  the  Lykens  Valley  mine,  belonging  to  the  Pennsylvania  Railroad, 
they  have  had  for  the  last  two  years  a  locomotive  hauling  coal  about 
6000  feet  by  electricity,  and  Mr.   Irving  A.  Stearns,  the  engineer. 
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told  me  a  short  time  ago  that  he  thought  he  would  put  in  a  second 
phuit.  A  year  or  so  ago,  wlien  I  was  considering  the  subject  for 
our  works,  he  said,  "  Don't  do  it  yet,"  but  the  other  day  informed 
me  that  he  thought  he  wouhl  put  in  a  second  plant  for  a  tunnel 
which  he  is  constructing,  some  four  or  five  thousand  feet  long. 

In  connection  witii  the  introduction  of  electricity  into  coal-mines, 
tliere  is  one  point  of  which  those  engaged  in  coai-niining  all  over 
the  world  will  probably  recognize  the  importance,  namely,  the 
danger  of  a  single  fatal  accident  from  its  use,  which  would  be  almost 
certain  to  induce  legislation  absolutely  forbidding  the  employment  of 
electricity.  A  colliery  manager  must  be  a  great  deal  more  careful  in 
making  experiments  than  anybody  else.  In  case  the  electric  spark 
should  ignite,  or  should  be  imagined  to  have  ignited,  the  fire-damp, 
there  would  be  trouble.  In  this  experiment  of  Mr,  Stearns,  he  did 
not  hurt  any  man,  but  he  did  kill  a  mule.  The  electricity  was 
transmitted  by  a  regular  railroad  rail,  which  was  spiked  along  the 
side  of  the  track  ;  and  the  mule,  as  some  gentlemen  who  are  familiar 
with  him  know,  has  a  great  habit  of  gnawing,  and  one  day  the  mule 
stood  in  the  water  and  undertook  to  gnaw  this  rail.  The  mule  found 
out  what  a  current  was.  That  is  the  only  accident  they  have  had. 
The  question  of  safety  is,  however,  a  very  serious  one  ;  and  I  have 
been  deterred  from  making  any  experiment,  not  so  much  because  I 
think  electric  lights  more  dangerous  in  collieries  than  others,  or  do 
not  believe  that  power-currents  could  be  so  installed  as  to  secure  a 
high  degree  of  safety,  so  that  the  list  of  casualties  from  fire-damp 
might  be  not  at  all  increased,  or  even  somewhat  diminished  ;  but 
because  one  accident,  in  anybody's  colliery,  might  precipitate  a  very 
natural  (however  unseasonable)  peremptory  legislative  prohibition, 
rendering  all  our  outlay  useless.  This  consideration  does  not  apply 
to  open  workings,  or  mines  that  contain  no  fire-damp;  but  it  is  not 
certain  that  collieries  now  free  from  this  gas  may  not  develop  it  at 
greater  depths. 

A  Member:  I  wouH  like  to  ask  Mr.  Spaulding  how  many  elec- 
tric hoists  are  in  use? 

Mr.  Spaulding  :  I  am  unable  to  state  with  any  degree  of  accuracy 
the  number  of  electric  hoists.  I  think  the  first  that  I  recollect  were 
erected  in  the  West  by  the  Sprague  Company,  some  two  years  ago. 
That  was  a  small  application  of  their  regular  railway  type  of  motor 
to  a  worm-shaft;  and  the  work  since  that  time  has  been  mainly  in 
the  adaptation  of  different  shapes  and' different  designs  of  motors 
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(series,  shunt  and  compound-wound),  to  tlie  ordinary  hoist-drum. 
The  advance  has  been  in  securing  the  regulation  of  these  hoi-ts  and 
in  getting  them  to  work  satisfactorily  in  the  large  sizes.  In  the 
Castle  Gate  mine,  which  is  shown  in  some  of  the  sketches  in  the  lat- 
ter part  of  my  paper,  there  is  to  be  a  thirty-five  horse-power  hoist, 
to  operate  coal-cars,  which,  so  far  as  I  know,  is  the  largest  electrical 
hoist  in  the  United  States  at  the  present  time.  This  was  to  have 
been  started  up  this  week.  The  question  of  hoisting  comes  down 
really  to  one  of  regulation  and  safety,  and  indeed  does  not  present 
so  difficult  a  problem  as  the  haulage  and  pumping ;  because  the  hoist 
is  not  necessarily  (at  least,  not  in  all  cases),  subjected  to  constant 
dampness.  The  question  of  haulage  seems  to  present  greater  diffi- 
culty ;  and  several  companies,  the  Jeffrey  Company,  the  Sprague, 
the  Thomson  and  Houston,  and  others  are  working  at  it  all  the 
time. 

The  matter  of  voltage  and  of  possible  accidents  in  mines  mentioned 
by  Mr.  Coxe  is  one  of  tremendous  importance.  The  40  horse- 
power locomotive  shown  on  page  263  was  the  first  one  of  that 
size  in  the  United  States,  so  far  as  1  know.  It  was  put  in  at  the 
Hilibide  Colliery  at  Erie,  and  the  voltage  was  220.  AVe  had  a 
very  interesting  and  amusing  experience  with  the  mules  in  that 
mine.  The  current  can  be  taken  off  by  a  man  with  impunity.  You 
feel  it,  but  it  will  not  injure  any  one.  With  a  mule  it  seems  to  have 
the  peculiar  effect  of  loosening  up  the  cords  of  the  legs  so  that  they 
don't  stand  steady,  and  the  animal  immediately  sinks  down  to  the 
ground  as  though  he  had  a  fainting  spell.  One  mule  especially,  in 
the  mine  had  been  in  the  habit  of  amusing  himself  by  kicking  the 
miners;  and  they  purposely  took  the  loose  end  of  the  wire,  and 
brought  it  in  contact  with  his  ears.  Each  time  he  would  drop  to  the 
ground,  and  then  get  up  and  look  at  the  wire,  as  if  to  try  to  under- 
stand what  the  trouble  was ;  and  the  result  was  that  ever  since  that 
time  when  the  mule  goes  through  the  tunnel  where  this  wire  is,  he 
will  have  one  eye  right  on  the  wire  all  the  time,  and  he  has  never 
been  known  to  touch  it  accidentally  since. 
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THE  MAONETIZATION  OF  IBON-OBE. 

BV   CLEMENS   JONES,  HOKENDAUQUA,  PA. 

(New  York  Meeting,  September,  1890.) 

The  peculiar  property  of  tlie  lode-stone  has  been  known  for  many 
centuries.  It  was  very  early  observed  that,  by  contact  with  it,  iron 
is  magnetized ;  and  it  is  needless  to  dwell  here  upon  the  hi.story  allied 
to  this  discovery,  now  con.stituting  the  wonderful  science  of  mag- 
netism. 

Deposits  of  magnetic  ore  are  distributed  all  over  the  world.  The 
ore  is  sometimes  very  rich  and  comparatively  free  from  gangue, 
sometimes  sparsely  disseminated  in  the  native  rock.  These  bodies 
of  lean  ore  often  cover  large  areas.  Modern  ingenuity  has  utilized 
the  principle  of  the  magnet,  originally  derived  from  the  ore  itself, 
and  really  belonging  to  the  time  of  Plato  and  Theophrastus, 
to  separate  the  magnetic  ore-particles  from  the  rock  which 
has  previously  been  crushed.  This  process  recovers  the  ore  in  the 
state  of  a  concentrate  very  rich  in  iron  and,  in  some  cases,  desirable 
for  Bessemer  purposes.  The  magnetic  separator  is  no  longer  a 
novelty.  It  was  only  at  the  last  meeting  of  the  Institute  in  New 
York,  that  jNIessrs.  Birkinbinc  and  Edison  [Trans.,  xvii.,  728)  and 
Mr.  Robert  Cook  (76.,  599)  described  some  of  the  principal  designs 
of  apparatus  in  use. 

E.  S.  Dana  classifies  the  natural  magnetic  minerals  in  the  follow- 
ing order :  magnetite,  pyrrhotite,  franklinite,  almandite  and  minerals 
"containing  considerable  FeO.'"'  Of  these,  ferroso-ferric  oxide,  or 
magnetite,  is  the  type.  The  proportionate  amount  of  ferrous  oxide 
essential  to  magnetize  the  compound,  is  not  established.  Ferrous 
oxide  appears  to  be  the  only  magnetic  oxide  of  iron. 

Tissandier  {Compt.  Rend.,  Ixxiv.,  531)  produced  ferrous  oxide  in 
the  anhydrous  state,  by  the  action  of  carbon  dioxide  on  pure  iron  at 
a  red  heat,  according  to  the  equation  : 

Fe  +  CO.,  =  FeO  +  CO. 

This  is  black,  crystalline  and  magnetic.  Heated  to  redness  in  the 
air,  it  is  converted  into  Fe^jO^. 

Sidot  {Compt  Rend.,  Ixvii.,  175)  has  also  produced  an  oxide  ex- 
hibiting magnetic  polarity,  by  heating  ferric  oxide  to  a  temperature 
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not  sufficient  to  fuse  it,  in  an  earthen  tube  placed  in  tlie  magnetic 
meridian. 

A.  Frenzel  (Neiies  Jalirb.  f.  31111.,  1874,  p.  685)  accidentally  ob- 
tained small  rliombohedra,  slightly  magnetic,  by  igniting  a  precipi- 
tate of  ferric  hydrate. 

The  presence  of  ferrous  oxide  in  magnetite,  whether  as  a  mole- 
cular constituent  of  the  compound,  or  as  an  independent  molecule, 
seems  to  communicate  the  property  of  magnetism. 

Magnetic  oxide  of  iron,  as  an  artificial  product,  is  considered  to 
result  from  the  direct  action  of  carbon  dio'iide.  In  simple  deter- 
minative blow-pipe  work,  the  reducing-flame  alone,  or  with  the  aid 
of  alkaline  carbonate,  produces  magnetic  particles,  or  slag-globules, 
from  nearly  all  iron-minerals. 

Spathic  iron-ores  have  long  been  known  to  exhibit,  after  roasting, 
magnetic  properties — largely  due,  however,  to  the  presence  of  me- 
tallic particles  in  the  roasted  ore.  Carbon  dioxide  in  the  ore  is  also 
here  considered  an  important  factor.  Of  such  ores,  the  ore-dressing 
at  the  zinc-works  at  Pribram,  Bohemia,  described  by  Mr.  Ellis  Clark, 
Jr.  {Trans.,  ix.,  451),  furnishes  an  illustration.  The  principle  is 
here  used  for  the  separation  of  iron  oxide  from  zinc- blende. 

"  These  are  separated  from  other  material  by  the  ordinary  concentration  pro- 
cesses, and  are  then  in  the  form  of  a  powder,  the  grains  being  less  than  1  millimeter 
in  diameter.  This  powder  is  composed  of  spatiiic  iron-ore  and  zinc-blende,  and  is 
roasted  in  a  small  oven,  with  freqnent  stirring,  for  an  hour,  when  the  iron-oi'e  is  ren- 
dered sufficiently  magnetic." 

It  is  then  separated  by  a  magnetic  separator,  and  the  zinc-blende 
is  thus  recovered. 

In  nearly  all  cases  of  the  carbonates  of  iron  similarly  treated, 
minute  globules  of  metallic  iron  are  contained  in  the  roasted  oxide. 
Furthermore,  the  expulsion  of  the  carbon  dioxide  contained  in  the 
ore,  with  contact  of  carbon  at  a  certain  heat,  approximates  to  the 
conditions  of  the  blast-furnace  and  favors  the  reduction  of  part  of 
the  ferrous  oxide  to  the  metallic  state.  The  roasted  carbonate  is 
always  strongly  magnetic.  But,  from  the  fusible  nature  of  the  ore, 
it  is  extremely  difficult  to  prevent  it  from  melting  during  the  pro- 
cess, so  that  nearly  all  the  associated  minerals  assume  the  form  of 
^'clinkers  "  with  the  ore.  This  circumstance,  together  with  the  ex- 
pense of  crushing  the  ore  sufficiently  fine,  makes  the  magnetic  sepa- 
ration of  iron  oxide  from  the  gangue  useless  or  unprofitable  in  such 
•cases.  At  Pribram,  zinc-blende  is  sought,  and  tiie  oxide  of  iron  is  a 
secondary  product. 

Hematite  is  sometimes  magnetic  and,   according  to   Dana,  even 
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magneti-polar — of  course,  as  an  incidental  occurrence,  other  than 
in  crystallized  specimens.  On  account  of  its  rarity,  as  well  as  the 
feebleness  of  the  attraction  it  presents,  magnetic  hematite  is  not 
available  for  practical  purposes.  Martite,  the  isometric  ferric  oxide 
which  is  supposed  to  be  a  pseudoraorph  after  magnetite,  is  attracted 
by  the  magnet.  The  famous  ore  from  Marquette,  in  the  Lake  Su- 
perior region,  abounds  with  crystals  of  martite.  The  ore  from  the 
Juragua  mines,  in  Cuba,  is  in  part  magnetic.  Fayalite,  FeSiO^,  is 
magnetic. 

The  anhydrous  oxides  of  iron  in  general  are  magnetic.  Of  all 
the  hydrous  oxides  of  iron,  not  one  is  magnetic.  Brown  hematite 
or  limonite  (with  which  gothite  and  turgite  are  usually  associated), 
as  well  as  the  sub- varieties  of  hydrous  oxides,  are  non-magnetic, 
and  have  no  effect  upon  the  magnetic  needle.  The  composition  of  these 
oxides  is  : 

Limonite,  ....     2Fe203  +  3H.,0,  or  14.4  parts  water. 

Gothite, Fe203+    H2O,  orlO.l     " 

Turgite, 2FeA  +    H/),  or    5.6      " 

The  importance  of  the  brown  hematites  is  indicated  by  the  amount 
of  such  ores  consumed  in  the  manufacture  of  iron  in  this  country 
and  abroad.  At  one  time  brown  ore  was  considered  indispensable 
for  the  production  of  foundry-iron.  Prior  to  the  development  of  the 
Lake  Superior  hematite-regions,  brown  hematite  was  the  chief  ore 
in  use  in  America.  It  occurs  abundantly  throughout  Germany. 
"  It  supplies  by  far  the  greater  number  of  the  French  iron-works; 
it  also  occurs  in  Spain,  Ru.'^sia,"*  etc.  In  England  the  famed  Forest 
of  Dean  supplied  a  great  abundance  of  it.  There  are  still  vast 
bodies  of  the  brown  varieties  unworked  in  England,  and  in  this 
country  they  occur  in  nearly  every  State  in  the  Union.  Since  the 
advent  of  the  rich  Lake  Superior  hematite-ores,  hundreds  of  pro- 
ductive brown  hematite  ore-mines  have  been  abandoned ;  and  there 
are  still  numerous  undeveloped  beds  too  lean  to  be  handled  profit- 
ably. In  Penn.sylvania  the  mines  of  Lehigh  and  Northampton 
counties  have  furnished  for  quarter  of  a  century  the  raw  material 
of  nearly  half  the  iron  made  in  the  Lehigh  Valley. 

With  the  exception  of  the  oolitic  varieties,  the  localities  named 
may  be  considered  to  represent  all  of  the  varieties  of  brown-hema- 
tite ores.  At  present  only  the  better  grades  are  in  use,  and  of  these 
the  supply  is  limited.  An  investigation  of  the  quality,  product  and 
yield    of    thirty  of    these  mines    for  the  year  1877,    undertaken 

*  Crookes  and  Rohrig,  Treatise  on  Metallurgy,  ii.,  332. 


292  THE    MAGNETIZATION    OF    IRON-ORE. 

by  the  writer,  showed  that  over  100,000  tons  of  this  ore,  rep- 
resented by  fully  500  samples  and  analyses,  averaged  only  37  per 
cent,  of  metallic  iron.  Three-quarters  of  this  was  wash-ore.  The 
bulk  of  this  ore,  which  will  fairly  represent  the  majority  of  this 
class  of  mines  in  the  United  States,  will  carry  about  34  per  cent, 
of  metallic  iron  in  the  wash-ore. 

Examination  of  the  iron  oxide  or  ore  proper,  shows  it  to  contain 
from  45  to  60  per  cent,  metallic  iron,  which,  in  the  wash-ore,  is,  in 
many  instances,  reduced  below  a  marketable  standard  by  the  admix- 
ture of  foreign  material,  chiefly  quartz-gravel,  slate  and  clay. 

Separation  of  the  ore  has  long  been  a  problem  presenting  many- 
sided  difficulties  that  have  never  been  successfully  overcome.  Water- 
jigs  and  specific-gravity  separators  of  innumerable  designs  have 
been  invented  for  the  purpose  all  over  the  world.  But  the  very- 
best  results  with  these  machines  fall  short  of  obtaining  the  ore  en- 
tirely separated  without  loss  in  the  tailings.  A  concentrate  carry- 
ing 42  per  cent,  of  metallic  iron  is  a  fair  economical  result  from 
these  machines,  and,  except  with  unusually  rich  ores,  45  per  cent, 
of  iron  is  seldom  obtained.  The  only  satisfactory  solution  of  the 
problem  lies  in  the  recovery  of  all  of  the  ore  proper,  entirely  free 
from  foreign  material. 

Some  experience  a  few  years  ago  with  a  method  of  water-separa- 
tion acquainted  me  with  the  futility  of  attempting  this  result  by  that 
means  or  any  other  at  that  time  known.  With  the  modern  demand 
for  the  richest  material,  it  is  easy  to  anticipate  that  a  blast-furnace 
cannot  exist  among  abandoned  ore-beds.  And  the  fact  must  not  be 
overlooked  that  in  this  country  nearly  all  of  the  older  blast-furnace 
plants  were  located  within  or  adjacent  to  the  brown-hematite  regions. 
A  perfected  method  of  concentrating  would  mean  a  survival  of  the 
brown-hematite  ore  as  a  source  of  supply. 

On  rapidly  drying  a  small  sample  of  limonite  over  a  powerful 
Bunsen  flame  on  one  occasion,  I  observed  that  the  smaller  particles 
were  magnetized.  Could  the  ore  be  magnetized  ?  A  trial  on  a 
more  practical  scale  convinced  me  that  such  was  the  case.  I  then 
experimented  with  several  different  ores,  and  found  that  all  the  ore- 
particles  were  so  strongly  affected  as  to  permit  their  complete  sepa- 
ration by  means  of  a  magnet. 

Naturally,  a  series  of  experiments  followed,  in  every  instance 
giving  the  same  results.  My  attention  was  then  directed  toward 
finding  out  the  conditions  as  well  as  the  cause  of  the  phenomenon. 
This  led   me  to  the  conclusion  that  the  agency  of  heat  in  the  pre- 


THE    MAGNETIZATION  ?)F   IRON-ORE.  293 

sence  of  carbon  or  carbon  dioxide  magnetizes  the  hydrous  oxides  of 
iron. 

Further  on  I  will  endeavor  to  qualify  tliis  statement;  but  before 
beginning  its  discussion,  it  may  be  interesting  to  allude  to  the  prac- 
tical method  and  the  results,  from  a  commercial  standpoint,  of  some 
of  the  experiments. 

The  ore  is  placed  in  a  convenient  receptacle  and  merely  roasted 
by  the  usual  process,  using  either  solid  or  gaseous  fuel.  It  is  unde- 
sirable to  use  much  heat,  since  at  a  temperature  of  cherry-red  mag- 
netization is  fully  imparted.  The  ore  is  drawn  as  fast  as  it  reaches 
this  temperature,  and  is  at  once  ready  for  magnetic  separation. 

In  the  following  list,  for  obvious  reasons,  the  ores  are  designated 
alphabetically. 

Ore  Recovered 
Iron  in  Crude  Ore.  Iron  in  Concentrate.  Iron  in  Tailings.  as  Concentrate. 

Per  cent.  Per  cent.  Per  cent.  Per  cent. 

A,  40.98  55.88                           

B,  34.32  51.72                           

C,  38.04  45.24                           68 

D,  40.63  50.04                           80 

E,  20.30  46.32  5.21  55 

F,  40.00  53.71                           65 

G,  49  60                                80 

H,  37.06  50                               *  65 

I,    41.31  52.46                            85 

J,  35.35  55.04                           60 

K,  33.55  48.63  2.56  70 

L,  31.31  48.87  5.20  70 

i/,  39.84  51.29  5.00  78 

N,  42.55  55.36  5.76  86 

0,43.84  "55.61     ■                      70 

P,  42.96  54.43                           85 

A,  B,  C,  D  and  E  are  from  Pennsylvania,  A  and  B  being  wash-ore;  C,  washed 
and  jigged  ore ;  D,  a  fine  refnse-sand  ;  and  E,  a  similar  material ;  F,  an  ore  separated 
by  a  Bradford  jig;  O,  ore  from  a  Northampton  county,  Pa.,  mine;  H,  the  tailings 
rejected  by  a  new  jig;  /,  a  Pennsylvania  ore;  J,  a  lot  of  six  cars  of  ore  "con- 
demned" at  the  works;  Kund  L  are  from  the  same  mine  in  Pennsylvania  and  im- 
possible to  separate  by  water-jigging;  M  is  a  mixture  of  fine  ore  from  Pennsyl- 
vania mines;  0,  an  ore  from  Connecticut;  and  P,  the  fine  ore  from  a  large  mine  in 
New  York. 

The  commercial  success  of  treating  ores  in  this  way  depends  on 
the  three  items:  cost  of  wash-ore;  cost  of  roasting;  cost  of  con- 
centration. The  first  may  be  considered  to  range  from  75  cents  to 
$1.50  per  ton,  according  to  locality.  The  second  item  will  be  fully 
covered  by  the  following  statement,  taken  from  the  books  of  a  large 
company  exclusively  engaged  in  roasting  carbonate  ores,  and  at  that 
time  under  the  mo.st  capable  management. 
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Actual  Cost  of  Roasting  and  Handling   Ore. 

PER  TON   OF   ORE. 


Roasting  Ore. 

Handling  and  Wharf  Expenses. 

1886. 

1887. 

1888. 

1886. 

1887. 

1888. 

Labor,    including 

car-  and  top-man.. 

Supplies 

$0.0883 
0.0024 
0.0725 

$0.0673 
0.0032 
0.0750 

$0.0811 
0.0091 
0.0748 

Labor,  inelud'g  en- 
gineer &  teamster 
Supplies  and  coal.... 
Team 

$0.0514 
0.0177 

$0.0439 
0  013' 

$0.0720 

Coal 

0.0040     0.0062 
0.0025     0.0029 

Culm,  per  ton 

Repairs,  etc 

0.0046 

$0.1632 
2.00 

$0.1455  ,$0.1650 
2.10         2.25 

$0.0737 

$0.0636    $0.0980 

Average  cost,  $0.1600. 
About  one  ton  of  culm  used  to  30  tons  of  ore. 

Average $0.0700 

Average  total  cost...  0.2300 
Per  ton  of  ore  treated. 

The  tliird  item  remains  to  be  determined,  namely,  the  cost  of  con- 
centration, inclnding  royalty  on  the  process.  This  would  be  2  cents 
per  ton  for  concentrating  and  25  cents  royalty.  Taking  as  an  ex- 
ample ore  K  in  the  foregoing  list,  the  cost  of  the  concentrated  ore 
would  be  as  follows  : 

Cost  of  1 1  tons  ore, $2.25 

"        roasting,    .        .         .         .        .         .         .         •         .         36 

"         concentration  and  royalty,         .....  27 


At  a  yield  of  48  per  cent,  iron,  this  is  6  cents  a  unit,  or,  in  round 
numbers,  $6.00  to  the  ton  of  iron.  . 

To  determine  the  extent  to  which  the  other  constituents  of  the 
ore  were  affected,  I  tested  several  of  the  ores,  of  which  two  exam- 
ples will  suffice.     They  gave  the  following  results: 


OreE. 

Raw. 

Concentrates. 

Tailings 

Iron, 

.     20.30 

46.32 

5.21 

Phosphorus,     . 

.      0.12 

0.30 

0.09 

OreL. 

Iron, 

.     31.31 

48.87 

5.20 

Silica, 

20.25 

83.20 

Manganese, 

2.20 

1.18 

The  surprisingly  small  amount  of  ferrous  oxide  in  the  magnetized 
ore  leaves  the  question,  whether  magnetization  is  wholly  due  to  its 
presence,  very  uncertain.  In  the  list  of  ores  given,  G,  carrying  60 
per  cent,  of  iron,  which  would  be  presumably  high  in  ferrous  o.xide, 
contains  but  3.07  per  cent,  of  ferrous  oxide.     In  some  cases  the  raw 
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ore  contains  nearly  this  anuuint.  If  the  reduction  caused  by  roast- 
ing were  the  sole  cause,  it  would  be  reasonable  to  expect  the  exterior 
of  the  )>article  to  be  the  magnetized  portion.  But  lumps  of  the 
roasted  ore  havini^  been  broken,  small  pieces,  carefully  selected  from 
the  inside  of  the  lumps,  showed  in  some  cases  even  more  strongly- 
marked  magnetic  properties. 

A  number  of  trials  with  the  anhydrous  oxide,  both  red  and 
specular  hematites,  conducted  in  precisely  the  same  manner,  gave  no 
evidence  whatever  of  resulting  magnetization.  Crystallized  speci- 
mens reinained  likewise  unaffected.  While  the  porous  character  of 
the  browu  hematite  would  permit  permeation  by  reducing  gases,  it 
is  difficult  to  understand  how  such  minute  deoxidation  could  mag- 
netize it  so  strongly.  Moreover,  the  magnetization  ai)pears  to  be 
])ermanent.  Samples  which  I  have  kept  for  over  a  year  in  contact 
with  air,  have  preserved  the  quality  unimpaired.  Cooling  the  red- 
hot  oxide  in  water  affects  it  somewhat,  but  it  is  still  capable  of  re- 
sponding through  that  medium  to  the  attraction  of  a  magnetic  field. 

The  phenomenon  seems  to  be  connected  with  the  expulsion  of  the 
combined  water,  and  I  think  is  largely  dependent  on  its  physical 
separation  from  the  ore.  During  the  ))rocess  some  of  the  oxides 
glow  quite  strongly.  The  raw  oxide,  when  heated  to  redness  in  a 
closed  glass  tube,  gives  off  a  small  amount  of  carbonic  acid  with  its 
water,  but  is  only  feebly  magnetic.  There  is  no  apparent  evidence 
that  ferrous  oxide  is  produced  by  decomposition  of  the  water.  The 
only  statement  now  possible  is,  that  the  hydrated  oxides  of  iron  be- 
come magnetized  at  a  red  heat  in  contact  with  carbon  or  carbon 
dioxide. 

It  may  be  worth  noting  that  the  idea  of  employing  a  magnetic 
separator  in  a  process  for  "  manufacturing  cast  steel  and  malleable 
iron  of  a  superior  and  uniform  quality  directly  from  ores"  was 
announced  some  years  ago.*  The  curious  supposition  on  which  it 
was  based  was,  that  when  "impure  ores"  are  brought  to  a  white 
heat  in  a  furnace  (thereby  producing  metallic  sponge),  they  can  be 
separated  from  "  pure  ores"  by  the  "simple  mechanism  of  revolving 
magnets."  Some  of  the  "noxious  elements"  thus  to  be  eliminated 
were  "titanic  acid,  vanadic  acid,  chromic  acid,  sulphuric  acid,  sul- 
phur, phosi)horus,  phosphoric  acid,  silicic  acid,  silicates."  The  re- 
sulting product  was  to  be  simj)ly  melted. 

It  is  of  course  a  logical  deduction,  that  all  hydrous  ores  of  iron 
become  magnetic  in  the  blast-furnace,  and  that  at  the  proper  zone 

*  In  a  U.  S.  patent  by  E.  L.  Seymour,  1867. 
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even  anTiydrous  hematite  does  so.  Ore  concentrated  as  above  de- 
scribed is  peculiarly  adapted  to  use  in  the  blast-furnace.  Before  the 
ore-particles  reach  a  red  heat  in  the  process  of  roasting,  violent  de- 
crepitation takes  place,  thus  breaking  or  splitting  up  into  small  frag- 
ments all  the  lumps  of  ore.  This  state  is  most  desirable  for  rapid 
reduction  in  the  blast-furnace,  and,  aided  by  the  easy  fusibility  of 
the  ore,  offers  the  most  favorable  conditions  for  "  driving  "  and  regu- 
larity of  work. 

The  subject-matter  outlined  in  this  paper  is  embraced  in  a  pro- 
cess on  which  application  for  letters-patent  has  been  made. 


THE  PBATT  MINES  OF  THE  TENNESSEE  GOAL,  IRON  AND 
BAILBOAD  COMPANY,  ALABAMA. 


BY  ERSKINE   RAMSAY,    PRATT  MINES,    ALA. 
(New  York  Meeting,  September,  1890.) 

The  following  description  of  the  Alabama  coal-fields  is  taken 
(with  .slight  omissions)  from  the  report  "  On  the  Warrior  Coal- 
Field,  by  Henry  McCalley,  A.M.,  C.  and  M.  E.,  Assistant  State 
Geologist :" 

The  coal  lands  of  Alabama  are  of  the  great  coal  basin  of  the  Ohio,  or  of  the 
great  Appalachian  coal-field,  and  are  estimated  at  8660  square  miles.  They  formed 
one  connected  field  prior  to  the  great  Appalachian  revolution,  when  there  was 
pushed  np  through  them  long,  narrow,  anticlinal  ridges  which  have  been  denuded 
into  the  present  well-known  anticlinal  valleys,  and  thus  this  great  field  has  been 
divided  up  into  tiiree  more  or  less  distinct  parts.  These  parts  were  named  by  Prof. 
Tuomey,  in  1849,  the  Warrior,  the  Cahaba  and  the  Coosa  coal-fields,  respectively, 
from  the  names  of  the  rivers  which  drain  them.  They  are  of  very  unequal  size,  the 
Warrior,  with  an  area  of  7810  square  miles,  being  nearly  ten  times  as  large  as  the 
other  two  combined,  and  about  two-thirds  as  large  as  the  coal-area  of  Great  Britain. 
This  Warrior  field  is  the  most  northwestern  of  the  three  coal-fields  of  Alabama, 
and  comprises  all  of  the  coal-measures  in  Alabama,  northwest  of  the  Alabama 
Great  Southern  railroad,  or  all  of  those  drained  by  tlie  Warrior  and  Tennessee 
rivers.  The  greater  part  of  this  field,  almost  all  of  it  away  from  the  present  rail- 
road lines,  has  never  received  more  than  a  surface-examination.  Still,  we  have  in 
the  Warrior  coal-field  one  of  the  richest  coal-basins  of  this  or  any  other  country.  .  .  . 
As  a  whole,  the  Warrior  coal-field  is  a  bi-oad,  shallow,  trayrshaped  depression,  slop- 
ing towards  the  southwest,  and  with  its  southwest  end  covered  by  a  newer  forma- 
tion and  its  southeast  side,  especially,  complicated  by  folds  and  fractures.  As  is 
the  case  with  all  of  our  Coal  Measures,  it  is  composed  of  a  series  of  sandstones,  con- 
glomerates, shales,  slates  and  coal-seams,  with  some  little  limestone  at  several  hori- 
zontal positions,  but  contains  no  thick  bed  of  this  last  rock  like  the  Measures  of 
Pennsylvania  and  other  States.  The  thickest  con2;lonieratos  are  near  the  bottom 
and  top  of  the  series,  and  hence  these  coals  niiglit  be  said  to  belong  mainly  to  the 
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inter-conglomerate  Measures.  Tlie  general  dip  of  the  strata  is  .some  few  degrees  to 
the  southwest  and,  as  this  dip  is  greater  than  that  of  the  inclination  of  the 
surface  of  the  country,  the  measures  thicken  as  you  go  to  the  southwest  until  they 
become  covered  by  the  drift.  In  addition  to  this  small  angle  of  dip,  which  \s  char- 
acteristic of  the  Warrior  coal-field,  when  compared  with  the  other  coal-fields  of 
Alabama,  the  strata  of  the  northwest  side  of  the  field  have  a  general  dip  to  the 
southeast,  and  those  of  the  southeast  side  to  the  northwest,  and  thus  the  basin 
shape  is  given  to  the  area.  The  strata  of  these  two  sides  are  also  in  long,  fiat  waves 
from  northwest  to  southeast,  while  those  near  the  center  of  the  basin  are  in  similar 
waves  from  northeast  to  southwest.  .  .  . 

Provided  all  the  coal-.seams  of  the  Warrior  field  will  average,  throughout  their 
whole  extent,  a  thickness  equivalent  to  that  of  their  most  accurate  and  reliable 
measurements,  they  will  contain,  we  believe,  a  sura  total  of  coal,  of  not  less  than 
113,119,000,000  tons,  of  which  about  108,394,000,000  tons  would  be  avail  ible  coal, 
or  of  the  seams  eighteen  inches  and  over  in  thickness.  These  figures  are  simply 
enormous,  and  tell  us,  in  plain  black  and  white,  that  the  available  coal  of  the 
Warrior  coal-field  is  three  times  that  of  the  estimated  available  bituminous  and 
semi-bituminous  coals  of  the  great  coal-producing  State  of  Pennsylvania,  and  that, 
if  this  coal  was  spread  out  evenly  over  the  surface,  it  would  cover  the  whole  State 
of  Alabama  (52,250  square  miles  in  e.Ktent),  over  two  feet  in  thickness,  and  that, 
at  the  present  rate  of  consumption  of  coals  of  all  kinds,  it  would  last  the  whole 
world  for  over  two  hundred  and  seventy  years. 

The  map  (Plate  IV.),  shows  the  Warrior  and  other  Alabama  coal- 
fields, and  their  relation  to  iron-ore  deposits  and  centers  of"  iron 
manufacture. 

While  coal-mining;  in  Alabama  has  been  carried  on  to  some  ex- 
tent for  a  ctmsiderable  time,  it  is  only  within  the  last  few  years  that 
it  has  taken  long  strides,  and  now  ranks  at  the  head  of  the  South- 
ern States,  having  passed  Tennessee  and  the  Virginias.  The  same 
may  be  said  of  the  manufacture  of  coke,  in  which,  also,  the  devel- 
opment has  been  rapid  and  steady. 

The  following  table  gives  analyses  of  three  representative  coals 
of  this  field,  tosrether  with  that  of  the  Connellsville  coal. 


Pratt. 

New 

Castle. 

Black 
Creek. 

Connells- 
ville. 

1.299 
1.041 
1.025 
32.169 
63.370 
3.342 

1.33 

.64 

.50 

28.24 

59.69 

10.92 

1.36 

.10 

.12 

26.11 

71.64 

2.93 

Sulphur 

1.06 

1.20 

28.50 

63.12 

6.12 

Moistu  re 

Volatile  matter 

Fixed  carbon 

Ash 

To  indicate  the  actual  value  of  the  Pratt  vein,  for  making  steam 
or    for  heating-purposes,    in    comparison    with    other    well-known 
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coals  of  Alabama  and  other  Slates,  the  following  table  \s  given. 
These  te.sts  were  made  by  Prof.  O.  H.  Landretli,  of  Vanderbilt 
University,  Nashville,  Tenn.  Ten  tons  of  each  kind  of  coal  were 
used,  thus  making  the  test  a  measure  of  actual  practice: 


Name  of^Coal. 

Pounds  of  water 

evaporated 
from  and  at  212= 
per  lb.  of  coal. 

Percent,  of  non- 
combustible 

from  eombust'n 
under  boiler. 

Relative   heafg 

or  steaming 
values,  Cumber- 
land being  100. 

Name  of  State. 

Cumberland  

Pratt 

JelHco 

8.21 
8.04 
7.45 
7.63 
7.41 
6.73 
7.73 
7.58 
7.11 
6  20 
6.89 
6.45 
5.74 
7.37 
7.65 
7.37 
7.63 
7.25 
7.16 

11.5 

7.4 

6.3 

7.4 

3.5 

6.9 

4.6 

7.7 

13.2 

10.2 

4.06 

8.05 

14.6 

11.3 

5.0 

5.7 

4.0 

5.2 

11.4 

100.0 
97.9 
90.7 
92.9 
90.3 
8± 
94.2 
92.8 
86.6 
75.5 
83.9 
78.6 
69.9 
89.8 
93.2 
89.8 
92.9 
88.3 
87.2 

Maryland. 
Alabama. 
Tennessee. 
Pennsylvania. 

Kentucky. 

It 

Alabama. 

i( 

Kentucky. 

Illinois. 

Kentucky. 

Tennessee. 
.Alabama. 

'I 

It 

« 
Tennessee. 

Pittsburgh 

Altmont 

St.  Bernard 

WarTior 

Helena 

Watt 

Diamond  

Mud  River 

Memphis 

aifton 

Sewanee 

Cahaba.          

Blocton  

Slack  Creek 

Henry  Ellen 

Daisy 

Among  the  seams  now  opened  and  worked,  the  Pratt  is  the 
most  valuable  and  imj)ortant,  being  mined  most  extensively,  and 
furnishing  the  greater  part  of  the  State's  output  of  coal.  Jefferson 
county,  in  which  this  seam  is  mined,  furnishes  nearly  three-fourths 
of  the  coal-product  of  Alabama.  The  other  coal-producing  coun- 
ties are  Bibb,  St.  Clair  and  Walker,  ranking  in  the  order  named. 

That  part  of  the  Warrior  field  which  is  underlaid  with  the  Pratt 
seam  is  undulating,  yet  sufficiently  level  to  ]>crmit  the  i)uil(lin(i'  of 
railroads  at  moderate  expense.    The  field  now  worked  is  drained  by 
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Village  and  Five  Mile  creeks,  the  former  of  which  has  its  source 
near  Birmingham. 

There  is  plenty  of  timber  on  the  coal-lands  for  mining  opera- 
tions, and  it  is  well  distributed  over  the  entire  field,  thus  making 
it  easy  of  access,  and  consequently  cheap.  The  mine-timber  is  cut 
near  the  various  mines,  and  delivered  by  teams  to  the  pit-mouth. 
Oak  and  pine  are  the  ])rincipal  woods,  although  beach,  walnut,  gum, 
ash  and  other  woods  are  found  also. 

The  Tennessee  Coal,  Iron  and  Railroad  Company,  the  Sloss  Steel 
and  Iron  Company,  the  Woodward  Iron  Company  and  the  Coal 
Creek  Comj^any  operate  in  the  Pratt  seam.  Of  these,  the  Tennessee 
Coal,  Iron  and  Railroad  Company's  mines,  known  as  Pratt  mines, 
are  the  most  extensive.  The  remainder  of  this  paper  will  be  con- 
fined principally  to  Pratt  mines. 

"William  Gould  was  the  first  to  open  the  Pratt  seam,  which,  at 
that  time,  was  called  the  "  Gould  "  seam,  in  honor  of  the  |)ioneer 
of  the  field.  He  began  operations  near  what  is  now  called  Slope 
No.  1,  and  had  planned  to  build  a  pole-road  from  the  mines  to 
Birmingham,  a  distance  of  about  six  miles  ;  but,  after  having  built 
but  a  fraction  of  it,  he  sold  out  to  Mr.  H.  F.  DeBardeleben  and  his 
associates,  who  began  working  the  mines  on  a  more  systematic  and 
extensive  scale;  and  a  standard-gauge  railroad  was  built  from  the 
mines  to  Birmingiiam.  The  first  mine  was  Slope  No.  1,  opened 
about  1879.  It  is  still  in  operation.  The  next  opening  was  Shaft 
No.  1,  after  the  commencement  of  which,  the  property  passed  into 
the  hands  of  Col  Enoch  Ensley  and  Others,  of  Memphis,  Tenn.,  v/ith 
the  title  of  the  Pratt  Coal  and  Coke  Company.  Then  followed  the 
opening  of  Slopes  Nos.  2  and  3,  during  the  execution  of  which  the 
Pratt  company  consolidated  with  the  Alice  Furnace  Company, 
changing  the  name  to  the  Pratt  Coal  and  Iron  Company.  During 
1886  the  Tennessee  C.  I.  and  Railroad  company  absorbed  the  latter 
company,  and  immediately  began  to  develop  the  property  exten- 
sively. The  construction  of  the  Ensley  plant  of  four  blast-furnaces 
was  begun,  about  Ih  miles  from  the  town  of  Pratt  Mines,  and  to 
supply  these  furnaces  with  fuel,  the  coke-plant  at  the  mines  w?is  in- 
creased from  110  to  806  ovens;  and  Slopes  Nos.  4  and  5  and  Shaft 
No.  3  were  opened  to  meet  the  increased  demand  for  coal. 

The  town  of  Pratt  Mines  has  a  considerably  scattered  population 
of  about  5000.  It  is  located  about  six  miles  from  Birmingham, 
with  which  place  it  has  connection  by  the  following  railroads  :  Pratt 
Mines  railroad;  Kansas  City,  Memphis  and  Birmingham  railroad  ; 
the  mineral  branches  of  the  Louisville  and  Nashville  railroad  ;  the 
Alabama  Great  Southern  railroad,  and  the  Georgia  Pacific  railroad. 
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Under  the  head  of  Pratt  mines  are  included  Slope-s  Nos.  1,  2,  3, 
4  and  5,  Shafts  Nos.  1  and  3,  and  the  Drift  mines.  All  these 
mines  are  situated  on  or  near  the  southeastern  outcrop  of  the 
Pratt  seam  of  the  Warrior  coal-field.  The  slopes  are  opened 
usually  beyond  the  outcrop  of  the  coal,  and  begin  with  a 
smaller  angle  of  dip  than  that  of  the  coal,  so  that  the  seam  is  first 
struck  from  the  under  side,  and  when  the  height  of  coal  is  reached, 
the  slope  is  sioiply  continued  on  in  the  coal.  The  dip  of  the  coal 
extends  one  or  two  miles  into  the  field,  although  much  flatter  as  the 
distance  from  the  outcrop  becomes  greater.  At  the  outcrop,  the  dip 
is  in  some  places  as  high  as  20  degrees;  but  this  decreases  rapidly  at 
first,  and  more  gradually  afterwards,  as  the  field  is  penetrated.  These 
favorable  conditions  of  dip  make  it  possible  to  operate  the  slopes  for 
long  distances  as  simple  engine-planes.  At  Slopes  Nos.  2,  4  and  5, 
the  coal  is  taken  from  the  various  lifts,  which  are  usually  300  feet 
apart,  by  the  slope-engine  at  the  surface,  for  a  distance  of  2000  feet, 
beyond  which  point  the  cars  are  brought  forward  to  the  chain  by 
either  mule-  or  engine-power.  The  plan  of  working  the  coal  has  been 
until  within  the  last  two  or  three  years  an  incomplete  system  of 
pillar-and-room.  The  idea  was  to  take  out  all  the  coal  possible,  just 
leaving  sufficient  "  rib"  to  sustain  the  superincumbent  strata.  Very 
naturally  the  tendency  of  this  system  was  to  go  beyond  the  safe 
limit;  and,  as  a  result,  a  crush  or  creep  would  be  brought  on,  with 
a  loss  of  rooms  which  it  had  taken  time  and  money  to  make.  The 
■  small  quantity  of  coal,  left  in  the  shape  of  small  pillars,  which  would 
be  able  to  support,  for  a  time  at  least,  the  surface,  was  really  sur- 
prising to  those  acquainted  with  the  comparatively  narrow  rooms 
and  wide  pillars  left  in  other  regions.  Another  very  serious  objec- 
tion to  this  plan  of  working  was,  that  the  coal  left  in  these  stumps 
or  pillars  was  forever  lost.  Instead  of  being  permanently  safe,  the 
roof  was  a  constant  source  of  danger,  standing,  as  it  were,  on  stilts, 
and  ready  to  fall  in  at  any  time.  Dissatisfaction  with  this  method 
led  to  the  adoption  of  the  plan  shown  in  Fig.  1  (Plate  I.),  which  was 
introduced  gradually  as  opportunity  was  presented.  As  will  be  seen 
from  an  inspection  of  the  sketch,  butt-  or  room-headings,  usually 
running  about  water-level,  are  driven  off  the  slopes  or  main  head- 
ings at  intervals  of  300  feet,  and  the  body  of  coal  intervening  is 
worked  out  by  first  driving  roonis  40  feet  wide  and  60  feet  from 
center  to  center,  for  a  distance  of  about  275  feet.  This  leaves  a 
pillar  of  20  feet  between  rooms,  which  is  drawn  back  to  the  head- 
ing just  as  soon  as  the  rooms  are  finished.     In  this  way  all  the 
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coal  from  the.  fire-clay  bottom  to  tlie  sandstone  top  is  taken  out  be- 
tween the  headings,  leaving  the  entry-stumps  to  protect  the  entries. 
When  the  room-headings  have  been  «driven  to  their  destination, 
which  is  usually  about  3000  feet,  the  entry-stumps  are  drawn  back, 
the  double-entry  system  providing  ventilation  for  the  miners  while 
engaged  at  this  work.  By  this  means  practically  all  the  coal  is 
taken  out.  It  may  fairly  be  said  that  not  more  thsCh  5  per  cent. 
is  lost. 

There  are  two  widths  of  rooms,  20  feet  and  40  feet,  with  pillars 
of  12  and  20  feet  respectively.  They  are  distinguished  as  single 
and  double  rooms,  from  the  fact  that  the  single  rooms  have  one 
loading-track  while  the  double  rooms  have  two.  Tee-iron  rails  are 
used  for  all  tracks  :  those  in  the  rooms  weighing  12  pounds  per  yard  ; 
in  the  room-  or  butt-headings,  16  pounds;  and  in  the  main-headings 
or  slopes,  thirty-five  pounds.  The  use  of  iron  rails  in  the  rooms  is 
made  necessary,  or  at  least  desirable,  by  the  fact  that  the  miners 
could  not  well  handle  the  cars  on  wooden  tracks  uj)on  giades  so 
heavy  as  those  in  some  parts  of  the  mines,  especially  near  the  out- 
crop. From  an  economical  standpoint  they  are  better  in  the  long 
run  than  wooden  rails,  which  will  only  last  during  the  lifetime  of 
one  room,  while  the  iron  will  last  for  an  indefinite  period.  The 
miners  lay  their  own  track  of  iron  rails,  just  as  they  do  in  mines  where 
wooden  ones  are  used.  In  the  regular  working  of  rooms  nothing 
is  taken  out  but  the  coal,  which  is  4  feet  6  inches  thick.  The  roof 
being  usually  a  hard  sandstone,  which  stands  up  well,  requires  very 
little  propping.  No  mules  are  taken  into  the  rooms;  the  miners 
receiving  the  empty  cars  from,  and  delivering  the  loaded  cars  to  the 
driver  on  the  heading  at  the  mouth  of  the  room.  In  the  room- 
headings,  as  well  as  in  all  places  where  mules  are  intended  to  work, 
about  1^  feet  of  top  is  taken  down  or  the  same  amount  of  bottom 
taken  up,  depencling  altogether  on  the  relative  ease  of  excavation. 
A  height  of  5  feet  3  inches  from  the  top  of  the  rail  is  given  to  all 
hauling-roads,  this  height  being  necessary  for  the  mules.  When  it 
is  not  thought  desirable  to  haul  this  rock  to  the  slate-dump  oil  the 
surface,  the  headings  are  driven  12  to  15  feet  wide,  thus  giving 
ample  room  to  "gob"  it  away  on  one  side. 

As  is  no  doubt  the  case  in  most  mining  regions,  the  Pratt  mines 
were  operated  for  years  without  mine-maps  of  any  kind  ;  and  many 
natural  advantages  were  passed  by  unconsciously,  with  the  result 
that  the  coal  was  taken  out  at  greater  cost,  and  a  smaller  number  of 
tons  to  the  acre  was  won,  than  might  have  been  secured.     But  as  the 
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mining  business  grew,  bringing  in  new  competition,  and  requiring 
better  economy,  accurate  and  complete  mine-maps  were  seen  to  be 
important;  and  such  have  been  prepared.  There  are  now  maps  of 
all  the  mines  on  a  scale  of  100  feet  per  inch,  and  showing  all  work- 
ings. The  course  of  the  air-current  through  the  mines  is  shown  by 
arrows,  and  the  tidewater  elevations  are  shown  at  all  the  more  im- 
portant stations,  both  inside  and  outside.  A  corp  of  engineers  is 
constantly  employed,  to  keep  up  the  surveys  and  maps  as  close  to 
date  as  possible.  The  time  of  the  surveys  is  noted  on  the  maps, 
and  the  coloring  is  changed  at  intervals  to  correspond  with  the  sur- 
veys, thus  making  them  chronological  charts  of  the  progress  of  the 
work.  Contour-lines  are  run  in  for  every  5  feet  difference  in  eleva- 
tion of  the  surface.  The  creeks,  railroads,  and  outside  improvements 
are  shown  on  the  maps  in  their  relative  position  to  the  mine-work- 
ings. 

Water  is  not  encountered  in  large  quantites  in  these  mines,  and 
what  there  is  contains  very  little  sulphuric  or  other  free  acid.  Hence 
there  is  here  none  of  the  trouble  incident  to  bad  mine-water,  eating 
out  the  pumps  and  pipes.  Wrought-iron  pipes  and  cast-iron  pump- 
cylinders  are  used,  and  last  for  years.  The  wrought-iron  pipe  put 
in  at  Slope  Xo.  1,  ten  years  ago,  did  duty  until  a  few  months  since, 
when  it  was  abandoned  because  the  water  from  this  mine  had  been 
drained  to  Shaft  No.  1.  Here,  together  with  the  Shaft  No.  1  water, 
it  is  elevated  to  the  surface,  some  225  i'eet,  through  a  12-inch  cast- 
iron  column-pipe,  by  a  "  Yough"  pump,  having  26-inch  steam-cyl- 
inder, 14-inch  water-cylinder  and  48-inch  stroke. 

With  the  exception  of  Slopes  Nos.  4  and  5,  and  (partially)  No.  2, 
the  mines  are  ventilated  by  the  continuous  current  system.  At  Nos.  4 
and  5  the  split-current  system  is  used,  as  shown  in  Fig.  1.  By  refer- 
ence to  this  figure  it  will  be  seen  that  all  the  air  enters  at  the  mouth, 
and,  travelling  down  towards  the  face  of  the  slope,  parts  with  a  por- 
tion of  the  current  at  each  set  of  lifts,  where  it  divides  right  and 
left.  The  remainder  continues  down  the  slope  to  the  next  lift,  where 
the  s'ame  thing  occurs  ;  and  so  on  to  the  face  of  the  slope,  where 
what  air  remains  splits  right  and  left  and  returns  along  the  air- 
course  running  parallel  with  the  slope.  These  currents  on  either 
side  of  tlie  slope  are  augmented  by  receiving  from  the  last 
pair  of  headings,  through  their  respective  air-courses,  what  air 
they  received  from  the  main  current  on  its  way  down.  The 
amount  of  air  received  at  each  of  the  lifts  is  regulated  by  air-regu- 
lators in  the  air-courses  of  the   room-headings,  and  near  the  slope 
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air-course.  At  each  of  the  lifts  the  air  on  its  return  along  the  main 
air-course  crosses  by  moans  of  an  overcast,  as  shown  in  Fig.  1,  and 
proceeds  to  the  next  heading,  and  so  oij,  until  the  fan  is  reached  near 
the  mouth  of  the  slope,  and  the  air  passes  out.  A  fan  of  the  Guibal 
type,  15  feet  diameter  by  6  feet  face,  is  located  on  either  side  of  the 
slope  at  the  air-shafts,  thus  making  the  ventilation  of  each  side  of 
the  mine  independent  of  the  other,  so  that,  in  case  of  a  break-down, 
only  one  side  would  be  affected,  and  this  only  for  a  few  minutes,  or 
until  the  proper  doors  could  be  opened  and  closed  and  the  remaining 
fan  caused  to  furnish  the  ventilating-power  for  both  halves  of  the 
mine.  This  arrangement  is  shown  in  Figs.  2  (Plate  I.),  and  3,  the 
former  being  a  ground-plan  and  the  latter  a  section.  It  will  be  seen 
that,  should  any  accident  occur  to  the  fan  D,  the  simple  closing  of 
door  B  and  the  opening  of  doors  A  and  C,  or,  vice  versa,  should  fan 
E  become  disabled,  the  shutting  of  door  A  and  opening  of  doors  B 
and  C,  wouhl  place  both  sides  of  the  mine  in  communication  with 
fan  E  or  D  respectively.  Against  this  plan  of  ventilation  it  may  be 
urged  that  it  is  too  expensive;  but  the  price  of  these  two  fans  was 
but  very  little  above  that  of  one  fan  of  the  same  aggregate  capacity. 


CROSS  SECTION 

Scale!  in.—  200  ft. 


Pratt  Mines,  Mouth  of  Slope. 


That  the  expense  of  an  overcast  is  not  much  more  than  that  of  a 
simple  trap-door  cannot  be  questioned;  and  to  offset  this  small  ex- 
cess, it  must  be  remembered  that  not  a  single  man  is  required  to 
attend  the  overcast.  At  present,  the  saving  on  trappers  alone 
amounts  to  ten  boys  at  each  mine. 

Aside  from  the  economical  advantage  of  this  system,  it  has  many 
others,  among  which  may  be  mentioned  that,  there  being  no  doors, 
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there  can  be  none  left  open,  tliiis  disarranging  the  entire  ventilation 
beyond;  that  the  drivers  are  not  hindered  in  their  work  by  having 
to  pass  through  trap-doors  or  wait  for  them  to  be  opened,  bnt  have 
a  clear  road  all  the  time;  tiiat  each  heading  receives  its  own  quota 
of  pure,  fresh  air  direct  from  the  slope,  so  that  the  men  working 
therein  are  not  compelled  to  re-breathe  air  already  vitiated  by  man 
and  beast ;  and  that  the  gases  from  blasting  with  powder  or  dynamite 
do  not  affect  any  person  beyond  the  heading  in  which  the  blasting 
occurs,  so  that  the  men  driving  the  headings  can  shoot  whenever 
they  please  without  affecting  in  any  way  those  laboring  elsewhere. 

The  coal-seam  is  remarkably  uniform  in  quality  and  thickness 
(averaging  4  feet  6  inches).  One  of  the  notable  geological  features 
of  the  seam  is  the  persistency  of  a  band  of  slate,  about  8  inches  from 
the  top,  which  ranges  in  thickness  from  1  to  2  inches.  This  is  a 
distinguishing  characteristic  of  the  vein,  and  is  the  point  usually 
looked  for  by  prospectors,  who,  when  they  find  it  at  the  proper  place, 
are  sure  they  have  the  Pratt  coal. 

The  usual  mode  of  mining  is  first  to  undercut  about  3  feet,  and 
shear  along  the  side  or  rib.  Then  holes  are  bored  in  the  coal  (the 
number  depending  on  the  width  of  the  place  and  the  ideas  of  the 
miners),  usually  by  some  hand-drill;  the  holes  are  charged  with 
powder,  and  the  coal  is  shot  down ;  after  which  it  is  cleaned  of  the 
band  of  slate,  and  is  ready  for  loading  into  the  25-cwt.  mine-cars. 

The  greater  portion  of  the  coal  at  Pratt  mines  is  mined  by  hand ; 
but  there  are  at  Shaft  No.  1  some  13  Harrison  mining-machines. 
The  coal  is  admirably  adapted  to  the  use  of  these  machines,  owing 
to  the  comparatively  great  width  of  the  rooms,  which  reduces  to  a 
minimum  the  time  lost  in  shifting  machines  from  one  room  to 
another.  The  machine  is  simple  in  construction  and  has  few  parts 
to  get  out  of  order  and  require  renewal.  It  may  be  described  as  a 
simple  cylinder  mounted  on  two  wheels,  with  the  pick,  which  is 
shaped  somewhat  like  a  fish-tall,  attached  to  the  end  of  the  piston- 
rod.  The  reversing-mechanism  consists  of  a  very  small  rotary 
engine,  which  runs  at  about  200  revolutions  per  minute,  and  operates 
a  common  slide-valve,  admitting  the  air  into  and  out  of  the  main 
cylinders,  as  is  the  case  in  common  slide-valve  engines.  The  small 
size,  great  strength  and  simplicity  of  the  Harrison  mining-machine 
adapts  it  to  this  kind  of  work.  It  can  be  worked  around  and 
between  props,  wherever  a  miner  can  swing  a  pick.  One  skilled 
machine-runner  and  one  ordinary  mine-laborer,  to  shovel  away 
the  cuttings,  are  required  at  each  machine.     It  cuts  an  open  channel 
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under  the  coiil  of  any  desired  vertical  height,  nsually  from  8  to  10 
inches  in  front  and  tapering  to  2  inches  in  the  rear,  making  an  aver- 
age of  5  inches.  Tlie  depth  of  the  undercut  is  made  4  feet  G  inches. 
The  manner  in  wliich  the  machine  attacks  the  coal  is  very  nnich  like 
that  of  a  hand-miner.     The  machine  is  mounted  on  platforms  which 


are  so  pitched  towards  the  coal  that  the  recoil,  when  the  pick  strikes 
the  coal,  is  neutralized  by  gravity.  The  pick  strikes  from  175  to 
200  blows  per  minute;  and  as  it  works  under  the  coal,  the  runner 
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allows  the  niaeliinc  to  run  forward  down  the  platform  and  swings 
the  pick  from  side  to  side  as  it  advances,  while  the  heli)er  throws 
back  the  cuttings.  When  the  machine  has  made  the  cut,  it  is  moved 
alons:  the  face  and  begins  work  on  a  new  cut.  With  this  machine  a 
man  undercuts  along  the  face  for  a  distance  of  90  feet  and  to  a  depth  of 
4  feet  6  inches  per  shift,  making  a  total  area  of  405  square  feet  of  floor- 
surface  cut  over,  and  this  produces  about  60  tons  of  merchantable 
coal.  To  gain  a  better  idea  of  the  construction,  form,  and  working 
of  the  mining-machines,  the  reader  is  referred  to  Figs.  4,  5  and  6, 
which  are  respectively  an  outside  view,  a  longitudinal  sectional  view, 
and  a  view  of  the  machine  at  work. 

In  addition  to  the  power  mining-machines,  there  are  at  this  mine 
several  power  rock-drills  of  the  Sargeant,  Ingersoll  and  Rand  make. 
These  drills  are  used  to  do  such  rock-work  as  the  blasting  of  top  or 
bottom  to  make  height  for  the  mules  in  the  hauling-roads,  or  the 
sinking  of  shafts,  etc.  Two  Allison  duplex  air-compressors,  hav- 
ing 22-inch  steam-cylindres,  24-inch  air-cylinder,  and  42-inch  stroke, 
furnish  the  compressed  air  to  operate  the  mining-machines  and 
rock-drills,  as  well  as  some  of  the  smaller  direct-acting  pumps, 
located  in  remote  parts  of  the  mine.  Either  one  of  these  air-com- 
pressors has  sufficient  capacity  to  do  all  the  work  singly  in  case  of 
accident  to  the  other.  The  use  of  compressed  air  is  of  great  advan- 
tage in  the  mines,  since  it  does  away  with  the  very  objectionable 
heat  from  steam-])ipes  and  the  equally  bad  exhaust,  which  causes 
the  roof  to  cave  in. 

From  the  air-compressors  the  air  is  delivered  directly  into  a 
receiver,  46  inches  in  diameter  by  24  feet  long,  whence  it  is  con- 
veyed to  the  bottom  of  the  shaft  through  8-inch  pipes  and  there 
divides,  travelling  in  6-inch  pipes  to  both  sides  of  the  mines,  along 
the  main  roads.  In  the  room-headings,  2|-inch  pipe  is  found  large 
enough  in  most  cases;  but  this  depends  to  a  great  extent  on  the  dis- 
tance. A  1^-inch  pipe  is  large  enough  in  the  rooms ;  the  connec- 
tion being  made  from  the  pipe  to  the  machines — whether  mining- 
machines  or  rock-drills — by  1-inch  rubber  hose. 

An  example  of  one  of  the  shaft  pit-head  arrangements  is  given  in 
Figs.  7  to  12  (Plate  II.),  inclusive,  which  are  in  the  main  self-ex- 
planatory. The  general  arrangement  is  such  as  to  give  great  rigidity 
to  the  derrick,  a  side  view  of  which  is  shown  in  Fig.  7,  while 
back  and  front  views  are  given  in  Figs.  9  and  11.  Fig.  10  is  a 
plan  of  the  brace  extending  from  the  top  of  the  derrick  to  the  stone 
and  cement  enffine-fouudation.     It  will  be  observed  that  in  the  con- 


308  THE    PRATT    MINES, 

struction  of  the  derrick  and  its  brace,  instead  of  having  the  main 
timbers  of  one  single  j)ieoc,  they  are  comj)Osed  of  two  6-  by  12-inch 
timbers,  put  together  in  such  a  way  as  to  permit  the  structure  to  be 
rebuilt  piece  by  piece,  without  shutting  down  the  plant  for  a  day. 
The  engines  are  direct-acting,  coupled  direct  to  the  drum-shaft, 
and  have  the  crank-pins  set  90  degrees  ajiart.  They  are  pro- 
vided with  cast-iron  conical  grooved  drums,  and  IJ-inch  cast-steel 
wire  roj)e.  The  cages  are  provided  with  safety-attachments  and  are 
wide  enough  to  handle  two  1  J-ton  cars,  side  by  side,  at  each  hoist. 
Fig.  8  is  a  plan  of  the  tipple-arrangements,  showing  the  cast-iron 
plates,  scales  and  tip|)les.  As  will  be  seen,  all  the  coal  is  dumped 
on  one  side,  the  loaded  cars  being  taken  off  the  cages  on  that  side 
and  the  empties  put  on  from  the  opposite  side.  Eight-inch  buntons 
are  set  in  the  shaft  from  top  to  bottom,  4  feet  apart  from  center  to 
center,  to  which  are  attached  8-  by  lOJ-inch  yellow  pine  guides. 

The  arrangement  for  handling  the  coal  at  Slopes  Nos.  4  and  5  is 
shown  in  Figs.  13,  14  and  15.  Both  these  plants  are  constructed 
of  native  j)ine  timber,  the  bents  being  10  by  10  inches,  and  the  deck 
floor  of  3-inch  pine  plank.  The  winters  being  mild  in  this  State, 
the  tipple-house  is  not  closed  on  the  sides ;  and  the  roof  is  of  cor- 
rugated sheet-iron  to  reduce  to  a  minimum  the  danger  from  fire. 
These  slopes,  like  all  the  slopes  at  Pratt  Mines,  have  two  tracks 
running  into  the  mines,  and  at  Slo])es  Nos.  4  and  5,  as  will  be 
observed  in  Fig.  14,  these  tracks  converge  to  a  common  central 
track  extending  from  the  knuckle  to  tiie  dump.  This  track  has  a 
down-grade  of  1  per  cent,  in  favor  of  the  loaded  cars,  which  greatly 
facilitates  their  movement  forward  to  be  dumped.  When  the  cars 
have  been  dumped  they  are  switched  right  or  left  to  the  empty 
tracks,  on  either  side  of  the  loaded  track  and  parallel  with  it.  Both 
empty  tracks  are  also  on  a  down-grade  of  1  per  cent.,  but  in  an  op- 
posite direction  to  that  of  the  loaded  track.  This  permits  the  empty 
trip  to  be  easily  moved  oiF  at  the  knuckle  and  sent  into   the  mines. 

The  hoisting-engines  are  double,  12  by  20  inches,  and  geared  1 
to  4.  The  drums  run  independent  of  each  other,  being  loose  on  the 
drum-shaft,  and,  by  means  of  a  V-clutch,  are  thrown  in  and  out  of 
gear  by  the  engineer  at  will.  By  this  arrangement  the  engineer  is  en- 
abled to  lower  into  the  mines  either  trip  singly,  or  both  at  the  same 
time,  at  ditFerent  speeds  and  to  different  lifts. 

Where  power  is  applied  in  the  haulage  of  coal  underground,  the 
tail-rope  system  is  generally  used,  except  where,  the  grades  being 
heavy  enough   and  in  one  direction,  the  simj)le  engine-plane  takes 
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its  place.  An  exaraj)le  of  a  tail-rope  haulage,  now  under  course  of 
construction  at  Shaft  No.  1,  is  giv^en  in  Figs.  16  to  22  (Plate  III.), 
inclusive.  This  haulage  has  but  one  curve  in  its  entire  length  of 
about  3800  feet.  The  engines  are  located  at  the  curve,  140  feet  back 
from  the  hauling-road,  to  give  sufficient  lead  to  cause  the  rope  to 
coil  regularly  on  the  drums.  From  the  curve,  or  engine-location, 
to  the  point  where  the  coal  is  delivered  is  about  2700  feet,  while  the 
distance  in  the  opposite  direction  to  the  return-shieve  is  about  1100 
feet.  It  will  be  observed,  that  the  track  is  thrown  outside  of  the 
true  center-line  at  the  curve.  This  is  done  in  order  that  the  rope 
may  always  remain  in  the  center  of  the  track  (curve  excepted), 
while  at  the  same  time  it  is  running  in  the  shieves  located  at  one 
side  of  the  track.  Fig.  17  shows  one  of  the  curve-shieves,  which 
is  so  constructed  as  to  make  it  impossible  for  the  rope  to  fail  to  go 
into  the  shieves  automatically,  the  instant  the  trip  has  passed  the 
curve  in  either  direction.  The  tail-rope  is  supported  at  intervals  of 
30  to  50  feet  on  12-inch  cast-iron  shieves,  which  are  set  in  perfect 
line,  both  laterally  and  vertically,  thus  giving  each  shieve  its  own 
part  of  the  rope  to  sustain,  and  doing  away  with  any  side-thrust 
caused  by  the  shieves  being  out  of  line.  Instead  of  having  the 
shieves  supported  in  a  frame,  a  3-  by  12-inch  pine  timber  is  used, 
with  an  opening  cut  through  it  just  large  enough  to  receive  the 
shieve,  which  prevents  the  rope  from  jumping  off.  The  shieves  run 
loose  on  a  f-inch  pipe,  as  a  spindle,  which  is  closed  at  one  end  while 
the  other  is  turned  up  so  as  to  contain  a  quantity  of  oil.  On  the  under 
side  of  the  pipe,  and  centrally  located  with  reference  to  the  shieve- 
wheel,  is  a  small  hole,  immediately  over  which  is  a  wad  of  waste  to 
prevent  the  too  rapid  flow  of  the  oil  from  the  pi{)e  to  the  journal. 
AVith  this  arrangement  the  shieves  are  oiled  once  a  week,  and  it  is 
a  very  rare  thing  for  one  of  them  to  run  dry.  Two  views  of  this 
arrangement  are  given  in  Figs.  18  and  19,  A  cross-section  of  the 
tracks  at  either  terminal  of  the  haulage  is  shown  in  Fig.  20.  The 
difference  in  elevation  of  the  two  tracks  isdue  to  the  grading  in  oppo- 
site directions,  as  already  explained,  of  the  empty  and  loaded  tracks 
so  as  to  facilitate  the  handling  of  the  cars.  To  supply  the  steam  for 
the  haulage-engines,  as  well  as  the  pumps  used  in  the  mines,  there 
are  located  within  a  few  feet  of  either,  and  near  the  bottom  of  an  air- 
shaft  360  feet  deep  and  7  by  10  feet  in  size,  two  2-boiIer  batteries  of 
cylinder  boilers,  46  inches  diameter  by  21  feet,  either  battery  of 
which  is  able  to  sup|)ly  sufficient  steam  to  o})erate  the  engines  and 
pumps.    The  boiler-house  is  neatly  arched  with  a  13-inch  hard-brick 
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wall,  sot  ill  eonient,  tliiis  making  it  firo-]>roof  and  perfectly  safe 
against  the  spawling  or  falling  in  of  the  mine-roof.  The  boilers  are 
supplied  with  coal  from  the  regular  mine  cars,  which  are  run  into 
the  boiler-house  as  shown.  The  waste  heat  from  the  boilers,  which 
would  ordinarily  pass  up  the  smoke-stack,  is  here  utilized  by  being 
led  into  the  air-shaft,  thus  heating  the  returning  air  from  the  mines, 
and  aiding  the  current  of  ventilation.  A  brick  partition  is  built 
in  the  shaft  to  prevent  the  flame  or  heated  gases,  from  the  tires  under 
the  boilers,  from  coming  in  contact  with  the  return-air  from  the 
mines  and  causing  an  exi)losion,  should  there  be  from  any  cause 
sufficient  gas  contained  therein  to  render  it  explosive.  This  is  a 
very  remote  possibility  in  mines  generating  as  little  carburetted  hy- 
drogen as  these  mines  do.  ]iy  placing  the  boilers  in  the  mines,  a 
great  deal  is  saved  in  the  hauling  of  fuel  from  the  mines  to  the 
boilers;  and,  in  addition,  there  are  no  long  steam-lines  to  keep  up 
in  the  shaft,  where  it  is  difficult  to  reach  them.  All  the  water  from 
this  section  of  the  mines  is  brought  to  the  pumps,  which  are  located 
near  the  boilers,  through  a  canal  or  ditch,  10  feet  deep,  which  tapers 
out  to  nothing  about  200  feet  from  the  pumps.  It  is  so  arranged 
that  no  inconvenience  would  be  caused,  should  the  water  rise  to  the 
top  of  the  canal.  This  gives  immense  storage-capacity;  and  should 
anything  go  wrong  with  the  pumps  or  boilers,  plenty  of  time  can  be 
taken  to  make  repairs.  The  canal  connects  the  sump  with  acres  of 
old  worked-out  rooms,  between  which  the  room  ribs  have  been  left 
standing  to  keep  up  the  surface.  Allows  of  the  boilers  and  pum})s 
are  given  in  Figs.  21  and  22. 

The  coke-plant  consists  of  806  ovens  at  Pratt  Mines,  581  of  which 
are  near  Slope  No.  1,  225  at  Shaft  No.  1,  and  250  at  Alice  Fur- 
naces, Birmingham.  They  are  of  the  bee-hive  type,  and,  with  the 
exception  of  a  few,  are  12  feet  in  diameter  by  6  feet  high  in  the  clear. 
All  these  ovens  are  charged  from  "larries"  containing  one  charge 
each,  which  run  upon  tracks  of  5  feet  gauge,  extending  the  full 
length  of  the  lines  of  ovens.  At  Alice  Furnaces  these  larries  receive 
the  coal  from  a  bin,  supplied  from  the  Pratt  Mines  railroad-cars, 
which,  being  placed  on  top  of  the  bin,  are  dumped  by  means  of  the 
drop-bottoms.  The  larries  at  shaft  No.  1  receive  their  coal  from  a 
bin  which  is  supplied  direct  from  the  mine-cars.  The  plant  of  581 
ovens  at  slope  No.  1  is  supplied  from  a  large  new  bin,  having  a 
capacity  of  5000  tons,  and  supplied  like  the  one  at  Alice  Furnaces 
noted  above.  The  bin  is  provided  with  3  larrie-tracks  extending 
its  full  length,  thus  permitting  the  coal  to  be  drawn  from  the  bins 
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into  the  larries  at  any  point  desired.  The  ovens  are  charged  with 
5  tons  of  coal,  which  produce  3  tons  of  coke,  the  yield  of  coke 
being  about  60  per  cent.  After  the  ovens  have  been  carefully 
levelled,  the  doors  are  closed  up  with  brick  and  luted,  space  being 
left  near  the  top  to  furnish  sufficient  air  to  carry  on  combustion. 
The  drawing  of  the  ovens  is  performed  by  men  whose  special  duty 
it  is.  The  coke  produced  from  Pratt  coal  compares  favorably  with 
the  typical  Connellsville  article,  being  but  little  higher  in  ash  and 
other  impurities,  and,  consequently,  about  as  high  in  carbon.  It 
has,  to  a  great  extent,  the  characteristic  metallic  ring,  and  stands 
without  difficulty  the  burden  in  our  highest  furnaces  (if  it  be 
admitted  that  heavy  burden  and  high  furnaces  go  together). 
Washing  the  coal  would,  no  doubt,  improve  the  quality  of  the  coke; 
but  whether  this  would  not  be  offset  by  the  additional  cost  is  a 
question  which  will  not  be  answered  satisfactorily  until  it  has  been 
practically  demonstrated.  That  it  has  been  tried,  although  possibly 
not  thoroughly,  and  abandoned,  because  it  was  thought  the  improve- 
ment in  the  coke  did  not  justify  the  increased  cost,  is  a  well-known 
fact.  The  experiment  of  washing  was  tried  by  the  Woodward  Iron 
Company,  which  put  up  a  substantial  plant  of  about  500  tons  ca- 
pacity per  day ;  but,  after  having  operated  it  for  one  year,  the  com- 
pany decided  to  resume  the  coking  of  its  coal  unwashed.  Washing 
of  Pratt  coal  has  been  tried  also  by  the  Coalburg  Coal  and  Coke 
Company,  which  made  several  unsuccessful  attempts.  In  other 
seams  the  Cahaba  Coal  and  Railroad  Company  has  tried  washing 
and  abandoned  it  because  of  the  increased  cost. 

In  many  cases,  it  may  be  said.  Southern  coke  has  been  condemned 
where  it  was  not  at  fault.  When  a  furnace  gets  to  working  badly, 
the  furnaceman,  to  shield  himself,  will  lay  the  blame  on  bad  coke, 
without  having  any  good  reason  for  so  doing.  Time  and  again  it 
has  occurred  that  at  the  very  time  when  the  furnaces  were  not  doing 
well,  the  coke  was,  notwithstanding,  above  the  average ;  yet  just  then 
the  complaints  would  be  most  prolific,  clearly  indicating  that  the 
signal  for  complaints  was  not  bad  coke  but  bad  furnace-working. 

The  making  of  coke  is  not  by  any  means  an  intricate  problem, 
and  there  is  no  good  reason  why  there  should  be  bad  coke  made  if 
the  coal  is  mined  properly  and  the  coking-operation  receives  the  atten- 
tion it  demands.  When  watering  an  oven,  to  put  on  no  more  water 
than  is  necessary,  and  to  draw  all  of  the  coke  out  of  the  oven  clean, 
having  it  re-charged  as  quickly  as  possible,  thus  keeping  the  oven 
hot,  are  the  main  points  in  making  good  coke. 
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The  coke  made  at  Pratt  Mines  is  mainly  used  at  the  Tennessee 
Company's  Ensley  plant  of  four  20-feet  by  80-feet  blast-furnaces, 
located  about  one  mile  from  the  coke-ovens.  It  is  loaded  into  the 
Company's  own  20-ton  special  coke-cars,  hauled  by  its  own  locomo- 
tives over  its  own  railroad,  and  delivered  direct  into  the  furnace 
stock-house.  The  coal  from  which  the  coke  is  made  is  in  like  manner 
moved  from  the  mines  to  the  coke-ovens  in  the  Company's  own  roll- 
ing stock  over  its  own  system  of  railroads,  making  connection  with 
all  its  mines.  By  a  direct  line  of  its  own  from  Pratt  Mines  to  Bir- 
mingham, tlie  Company  is  enabled  to  ship  coal,  coke  or  iron  by  any 
line  of  railroad  entering  the  city  of  Birmingham. 

In  the  table  below  is  given  the  output  of  Pratt  Mines  from  1883 
to  July  1st,  1890.  The  output  for  1888  would  have  been,  no  doubt, 
some  75,000  tons  greater,  had  the  mines  not  been  shut  down  for  some 
time,  owing  to  a  strike. 


Year. 

Output— Tons. 

JRemarks. 

1883 

487,425 

1884 

511,523 

1885 

511,058 

1886 

588,028 

1887 

693,353 

1888 

832,854 

Strike. 

1889 

1,084,784 

First  half  of  1890 

564,976 

Half-year. 

MACEINEBY  FOR  THE  CHARGING  OF  HEATING-  AND 
MEL  TING-FURNA  CES. 


BY  S.    T.    AVELLJIAN,   THURLOW,  PA. 
(New  York  Meeting,  September,  1890.) 


The  gradual  change  within  the  last  few  years  from  wrought-irou 
to  steel  for  many  purposes,  notably  for  rails,  plates,  beams  and  other 
structural  shapes,  has  brought  the  desirability  and  possibility  of  cast- 
ing and  rolling  the  steel  in  very  large  masses  as  compared  with  the 
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smaller  piles  worked  and  welded  in  the  case  of  wrouglit-iron.  Many- 
advantages  are  gained  in  the  way  of  economy  by  making  steel  ingots 
as  large  as  can  easily  be  handled.  In  casting  the  ingot  it  costs  no 
more  for  labor  to  handle  with  a  hydraulic  or  other  power-crane  an 
ingot  or  mould  weighing  2  to  3  tons  than  if  it  weighed  -500  pounds 
or  less.  The  product  at  the  blooming-  or  plate-mill  is  very  much 
larger  and  the  labor  per  ton  very  much  less ;  and  the  saving  in  scrap 
in  consequence  of  the  long  plates  or  blooms  made  from  the  heavy 
ingots,  and  the  resulting  smaller  numl)er  of  waste  or  crop  ends,  is  a 
very  important  item.  The  improvement  in  quality,  as  a  result  of 
more  work,  is  one  of  the  most  important  effects  of  the  increase  in 
size  and  weight  of  ingots.  Last,  but  not  least,  to  the  manager  of  the 
works,  is  the  ease  with  which  the  product  of  any  plant  can  be  handled 
in  and  out  of  the  pit  in  the  case  of  say  3-ton  ingots,  compared  with 
the  trouble,  delay  and  expense  caused  by  the  casting-i)it  if  the  same 
product  has  to  go  into  800-  or  900-pound  ingots.  This  can  be  fully 
appreciated  only  by  the  steel  works  manager  who  has  been  through 
the  experience. 

To  get  the  full  advantage  of  large  ingots  and  consequent  large 
product  at  the  blooming-  or  plate-mill,  proper  apparatus  should  be 
provided  for  carrying  the  ingot  into  and  taking  it  out  of  the  heating- 
furnace.  This  part  of  modern  rolling-mill  machinery,  it  has  seemed 
to  the  writer,  has  not  kept  pace  with  the  rest,  and  it  is  the  object 
of  this  paper  to  describe  a  machine  which  has  been  designed  to  do 
this  work. 

One  of  the  most  common  methods  of  charging  ingots  into  the 
furnace  is  by  lifting  them  from  the  car  on  which  they  are  brought 
into  the  mill  by  means  of  a  long  "peel,"  which  is  suspended  in  a 
crane,  the  opposite  end  being  balanced  and  guided  by  a  number  of 
men.  The  ingot  is  swung  into  the  furnace,  rolled  oiFof  the  peel  by 
tilting  it,  and  so  on  until  the  furnace  is  full. 

Another  method,  and  the  most  common  one  in  this  country  for 
rail-ingots,  is  to  push  them  from  the  car  (which  is  brouglit  imme- 
diately in  front  of  the  furnace-door)  with  a  peel  placed  under  and 
behind  the  ingot,  a  groove  being  made  in  the  car  immediately  under 
the  ingot  for  this  purpose.  The  peel  is  pushed  into  the  furnace  by 
a  chain  which  is  fastened  to  the  end  of  the  peel,  passing  over  a  pulley 
on  the  car  or  in  front  of  the  furnace  and  back  to  a  special  hydraulic 
apparatus  or  crane  arranged  for  the  purpose.  The  ingot  is  generally 
pulled  out  of  the  furnace,  with  the  same  apparatus,  by  means  of  a 
pair  of  tongs  fastened  to  the  ingot,  or  an  iron  loop  which  is  dropped 
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over  it,  nnd  to  which  the  juillin^-out  chain  is  fastened.  In  either  case, 
the  sand  bottom  of  the  furnace  is  constantly  torn  to  jiieces  l)v  the  heavy 
ingot  pulled  over  and  ploughing  through  it,  and  a  great  deal  of  time 
and  labor  is  taken  nj)  in  keeping  it  in  order. 

The  whole  operation  of  charging  and  drawing,  as  commoidy  prac- 
ticed, is  slow  and  laborious,  and  takes  a  number  of  men  to  handle  the 
tongs,  peels,  chains  and  otiier  apparatus  used. 

The  aim  of  the  machine  here  described  is  to  do  all  the  work  of 
taking  the  ingot  from  the  car  on  which  it  comes  from  the  converting- 
or  melting-house,  lifting  it  up,  carrying  it  into  the  furnace  and  placing 
it  wherever  desired,  dropping  or  lowering  it  in  place,  and,  when  the 
ingot  is  ready  for  rolling,  lifting  it  from  the  bottom,  bringing  it  out 
of  the  furnace,  carrying  it  along  in  front  of  the  furnaces  and  deposit- 
ing it  on  the  table  in  front  of  the  rolling-mill.  All  the  valves  con- 
trolling the  movements  of  the  machine,  as  well  as  operating  to  open 
the  furnace-doors,  are  worked  by  one  operator,  who  rides  on  the 
machine. 

In  the  accompanying  drawings,  Fig.  1  (Plate  I.)  is  the  jdan  of  a 
machine  for  handling  plate-ingots  up  to  5  tons  weight ;  Fig,  2  (Plate 
II.)  is  the  side  elevation  ;  Fig.  3  (Plate  I.)  is  the  longitudinal  verti- 
cal section  and  cro.ss-section  of  a  furnace  and  car;  Fig.  4  is  a  vertical 
cross-section  through  the  tongs,  e  e,  and  front  elevation  ;  Fig.  5  is  a 
vertical  cross-section  on  line,  5  5  (Fig.  1);  Fig.  6  is  the  rear  elevation, 
and  Fig.  13  (Plate  V.)  shows  the  general  arrangement  of  furnaces 
and  machine  in  relation  to  the  mill. 

The  boiler,  pump  and  engine  for  operating  the  machine  are  all 
carried  on  it.  In  Fig.  1,  A  is  the  boiler,  B  the  hydraulic  pump,  C  the 
engine  for  moving  the  machine  along  the  track,  and  D  the  water-tank. 
The  ingot  is  shown  at  E,  and  is  grasped  by  the  tongs.  These  are 
mounted  on  the  end  of  the  moving  frame-work,//,  the  forward  end 
of  which  rests  on  the  wheels,  W  W.  These  wheels  are  lifted,  as 
desired,  by  the  hydraulic  cylinder,  H,  Figs.  3  and  4. 

The  rear  end  of  the  frame  carries  the  wheels,  W  W  (Fig.  3), 
which  can  move  forward  on  the  beams,  6  b  (Fig.  1).  This  frame  is 
moved  in  and  out  of  the  furnace,  as  desired,  by  the  hydraulic  cylin- 
der, G  (Figs.  1  and  3). 

The  machine  is  mounted  on  wheels,  as  shown,  and  runs  on  the 
broad-gauge  track  in  front  of  the  furnaces.  It  is  moved  by  the 
small  rever.'^ing  steam-engine,  C,  which  is  geared  to  the  axle  of  one 
pair  of  wheels,  as  shown  by  the  dotted  lines  in  Fig.  4. 
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The  operator's  seat  is  at  O  (Fig.  1),  aiul  the  operating-handles  for 
all  the  valves  are  within  his  reach. 

The  ingot  is  grasped  by  the  tongs,  which  are  closed  by  moving 
forward  the  piston  of  the  cylinder,  F  (Figs.  2  and  3),  thus  forcing 
forward  the  plates,  P  P,  carrying  the  rollers,  r  r.  As  the  tongs  are 
pivoted  on  the  pins,  p  p  (Fig.  1),  this  closes  and  holds  the  tongs  on 
the  ingot  as  long  as  the  pressure  remains. 

The  ingot  being  lifted  from  the  car  high  enough  to  clear  the  fore- 
plate  of  the  furnace,  the  operator  moves  the  frame  forward  with  the 
hydraulic  cylinder,  G,  until  the  ingot  is  in  the  furnace,  when  it  is 
moved  to  any  desired  place,  and  the  tongs  are  lowered,  opened  and 
removed  from  the  furnace,  and  are  ready  for  another  ingot. 

The  water  is  taken  to  the  tongs-cylinder,  F,  on  the  moving  frame, 
through  the  walking-pipes,  xx,  shown  in  Fig.  3. 

In  removing  the  ingots  from  the  furnace,  the  operation  of  the 
machine  is  much  the  same.  The  ingot,  after  being  removed  from 
the  furnace,  is  carried  along  by  moving  the  machine  on  the  track 
with  the  engine,  C,  and  is  deposited  on  the  rolling-mill  table,  which 
extends  out  between  the  furnaces,  as  shown  in  Fig.  13. 

As  to  the  speed  of  the  machine,  the  writer  has  frequently  seen  one 
ingot  taken  out  of  the  furnace  and  carried  to  the  mill-table,  the 
machine  going  back  to  the  furnace  and  charging  three  more  ingots 
within  one  minute  from  the  time  the  first  door  was  opened. 

The  whole  crew  to  handle  a  product  of  100  to  200  tons  of  ingots 
per  turn,  taking  the  ingots  from  the  cars,  putting  them  through  the 
furnaces  and  on  the  mill-table,  consists  of  a  heater,  a  helper  and  the 
boy  that  runs  the  machine.  Two  Siemens  furnaces  heat  the  above 
product,  the  one  heater  attending  to  both. 

In  heating  cold  ingots,  it  has  been  found  that  the  best  way  to  get 
a  large  product  is  to  heat  the  ingots  to  a  red  heat  in  one  furnace,  and 
then  take  them  out  and  remove  them  to  a  furnace  which  is  kept  up 
to  the  full  heat  required  for  rolling,  both  furnaces  being  kept  nearly 
full  of  ingots  all  the  time. 

This  practice  would  only  be  possible  with  a  machine  capable  of 
handling  the  ingots  very  quickly  and  with  little  labor. 

An  adaptation  of  a  somewhat  similar  machine  is  shown  in  Figs. 
7,  8,  9, 10, 1 1  and  12.  It  is  designed,  however,  for  charging  the  mate- 
rials into  open-hearth  furnaces,  the  idea  being  to  save  not  only  time 
and  labor  in  charging,  but  also  one  handling  of  all  the  materials  that 
go  to  make  up  the  charge. 

Boxes  made  of  plates  are  placed  on  small  cars,  and  filled  with  the 
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iron  and  steel  at  the  stoek-pilc.  The  cars  with  the  loaded  boxes  are 
then  run  into  the  nielting-hoiise  in  front  of  the  furnace  that  is  to  be 
charged.  The  machine  picks  up  the  boxes,  runs  them  into  the  fur- 
nace, dumps  them  and  removes  the  empty  boxes  to  the  car,  and  so 
on  until  the  whole  charge  is  in. 

Very  little  description  of  this  machine  is  necessary,  as  its  general 
features  are  the  same  as  those  of  the  inirot-chartjino;  machine. 

The  machine  carries  its  own  boiler,  pump  and  engine.  The  tilting 
frame  carries  the  T-headed  bar,  Y  (Fig.  8),  the  head  of  which  fits  in 
the  socket  on  the  back  end  of  the  charging-box,  Z,  and  is  locked  in 
])lace  by  thesliding  block,  f.  The  frame  is  lifted  and  moved  forward 
in  a  sin)ilar  manner  to  the  ingot-charging  machine,  but  the  box  is 
dumjjed,  when  desired,  by  the  hydraulic  cylinder,  R,  which  is  con- 
nected to  the  twister,  Q.  The  whole  operation  of  the  machine  is 
exceedingly  simple.  It  is  obvious  that  the  full  benefit  of  such  a 
machine  can  only  be  obtained  where  several  furnaces  are  in  opera- 
tion. As  the  time  taken  in  charging  a  15-ton  furnace  is  only  ten  to 
fifteen  minutes,  one  such  machine  is  ample  for  several  furnaces  if 
they  are  arranged  in  line. 

Discussion. 

H.  M.  Howe,  Boston,  Mass. :  The  author  speaks  of  jnitting  the 
ingots  first  into  a  warm  furnace,  and  then  into  a  very  hot  one.  I 
would  ask  if  he  prefers  that  to  the  German  practice  of  using  a  Roll- 
ofen,  i.e.,  a  rolling-furnace  with  a  strongly  inclined  hearth — charg- 
ing the  ingots  at  the  top  or  coal -end,  and  afterwards  rolling  them 
down  toward  the  hot  end  ? 

S.  T.  AVell.man  :  I  do  not  think  a  BoUofen  is  applicable  to  very 
large  ingots.  It  is  difficult  to  turn  over  an  ingot  weighing  four, 
five  or  six  thousand  pounds,  and  it  requires  too  much  manual  labor. 
For  small  ingots,  however,  or  for  billets  or  blooms,  the  German 
system  of  which  you  speak  is  very  good. 
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BY  OBERLIN  SMITH,  BRIDGPrrOX,    N.    J. 

(New  York  Meeting,  September,  18i)0.) 

The  use  of  cast-iron  tools,  with  chilled  cutting-edges,  for  lathes, 
planers,  boring-mills,  etc.,  is  not,  as  far  as  I  can  learn,  very  exten- 
sive in  the  United  States,  or  perhaps  in  England  and  other  parts  of 
Europe.     I  have,  however,  no  data  to  guide  rae  in  regard  to  foreign 
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practice,  niu]  hope  that  some  information  on  (Ins  j)()int  will  he  elicited 
from  onr  transatlantic  hrethren. 

In  this  conntry.the  Pennsylvania  railroad-siiops  at  Altoona  have, 
to  the  hest  of  my  knowledij^e,  taken  the  lead  in  the  nse  of  such  tools, 
and  have;  very  successfully  employed  them  since  they  were  intro- 
duced, some  twenty  years  ago,  by  Mr.  Peter  Moore,  who  was  then 
with  the  Pennsylvania  Railroad  Comj)any. 

They  are  in  use  to  some  extent  at  various  other  s]k)j)S,  includinti^ 
that  under  my  own  control ;  but  there  are  no  definite  data  at  hand 
regarding  their  increasing  employment. 

INIechanically,  but  little  description  of  these  tools  is  necessary. 
They  are  made  to  the  ordinary  standard  sha|)es  used  for  forged  tool<, 
as  shown  in  the  accompanying  diagrams,  Figs.  1  and  2,  wiiich  are 


Casi-iron  (uitliiiir  tools. 


C'a.sl-iniii  Ciiltinjj;  Tools. 
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copied  from  some  kindly  furnished  to  me  from  tlie  Altoona  shops. 
It  will  he  noticed  that  the  tools  are  numbered.  The  names,  func- 
tions and  dimensions  corresponding  to  these  numbers  are  given  in 
the  followins: : 


Kumber. 

tr. 

ir. 

iir. 

IV. 

V. 

YL 

VII. 

viir. 

IX. 
X. 

XI. 

xni. 

XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

XX. 

XXI. 

XXIII. 

XXIV. 

XXV. 

XXVI. 

XXVII. 

XXVIII. 

XXIX. 

XXX. 

XXXII. 

XXXIII. 

XXXIV. 

XXXV. 

XXXVI. 

xxxvn. 

XXXVIII. 

XL. 

XLI. 

XLII. 

XLIII. 

XLIV. 


Lint  of  Cast-Iron  Tools. 

Name. 
Round  nose  for  iron  and  brass, 
Thread  tool  for  wrought  and  cast-iron,  . 
Diamond  point,  riglit-hand,  for  latlie,    . 

"  side  tool,  right-iiand,  for  latl 

"  "  left-hand, 

Ronnd  nose  for  lathe  or  planer,     '. 

Square  nose  for  i)laner,  . 
"         for  latlie,       . 

Ronnd  nose  for  lathe  or  jdaner. 

Square         "  "... 

Diamond  point  for  lathe  or  planer. 

Square  nose  for  lathe  or  planer,     . 

Diamond  point  for  lathe  or  iilaner. 

Oyster-knife  for  planer, 

Diamond  [loint  for  planer  or  lathe, 
«  <i 

"  for  latlie, 

Ronnd  nose  " 

Boring  tool  " 

Left-hand  sideor  facing  tool  for  latlie, 
Right       " 

Square  nose  for  planer,  . 
Diamond  point  for  lathe, 

"  ''         or  jilaner, 

''  for  planing  and  facing  cyliiu 

"  for  planer  or  facing-mill. 

Square  nose  for  turning  cylinder-flanges, 
Side-tool  for  axle-lathe  or  i)laner, 
Diamond  point  for  axle-lathe  or  planer. 
Side-tool  "  "  " 

Square  nose  •'  "  '' 

Diamond  point  for  planer, 

"  for  axle-lathe, 

Tools  for  boring  cylinders  (Bahlwin),    . 


Square  nose  for  lathe,     . 
Boring  tools  for  driving-boxes, 


Dimension,  inches. 


If 

by  i 

by  81 

li 

by  1 

by  8f 

1A 
•   ^8 

by  f 

by  8J 

.  n 

by  i 

by  8i 

he. 

n 

by  f 

by  9 

u 

by  t 

by  9 

.  n 

by  II 

by  9| 

.  u 

byi^ 

bylO^ 

•  n 

by  i 

by  10 

h\ 

by  1 

by  lOf 

^ 

by  ^- 

by  lU 

n 

byl 

by  111 

2 

by  U 

by  15 

^ 

bv  U 

by  lot 

^ 

byli 

by  15^ 

^ 

bv  U 

by  15i 

n 

by  i 

by  8J 

n 

by  t 

by  7 

1 

by  t 

by  7 

j/s 

by  t 

by  8f 

n 

by  t 

by  8 

n 

bv  1 

by  8 

n 

by  It's 

bylU 

n 

by  ^- 

by  6| 

Ik 

by  i 

by  H 

ders,  . 

11 

byU 

by  9| 

11 

bv  \\ 

by  n 

n 

by  1| 

by  9 

2 

by  1 

by  14J 

2 

by  1 

by  15 

2 

bvl 

by  14t 

2 

by  1 

by  15 

2 

bv  1 

by  \■^ 

n 

i-y  i 

by  14i 

2 

bv  1 

by  15 

u 

byU 

by  5| 

n 

byU 

by  4| 

\i 

by  U 

by  3| 

li 

by  \ 

by  61 

i| 

bv  i4 

bv  6 

*  The  lower  of  the  two  tools  thus  numbered 
t  The  upper  of  (he  two  tools  thus  numbered 
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For  a  given  size  of  cut,  the  shank  of  one  of  these  tools  should  be 
somewhat  larger  than  in  the  case  of  a  forging,  in  order  to  give  the 
required  lateral  strength  where  it  is  fastened  in  the  tool-post.  Other- 
wise the  shapes  and  sizes  may  be  exactly  the  same. 

In  general,  heavier  cuts  and  probably  somewhat  higher  speeds 
can  be  taken  with  these  tools  than  with  forged-steel  ones,  for  the 
reason  that  there  is  no  danger  of  drawing  temper  by  the  heat  due 
to  cutting-friction. 

The  experience  of  the  Pennsylvania  Railroad  Company  shows 
that,  on  the  whole,  these  tools,  cheaply  made  as  they  may  be,  are 
superior  to  steel  tools  for  roughing-cuts,  but  that  they  are  not  desir- 
able for  finishing-cuts.  This  is  because  they  will  not  hold  a  fine 
edge,  on  account  of  tiny  pieces  breaking  off  all  along  the  cutting 
edge — thus  leaving  them  too  rough  for  producing  a  smooth  surface 
upon  the  work.  This  breaking  occurs  to  a  still  greater  extent  when 
the  work  is  serrated,  or  otherwise  broken  into  a  non-continuous  sur- 
face, as  in  the  teeth  of  gearing,  etc.  The  trouble  in  such  cases  is 
caused  by  the  "back-lash,"  giving  frequent  and  violent  blows  to 
the  edge  of  the  tool. 

That,  on  the  whole,  they  are  superior  tools  for  roughing-cuts  upon 
wrought-iron,  mild-steel,  steel- castings,  cast-iron  and  bronze,  is  shown 
conclusively  by  the  circumstance  that  men  working  by  contract 
elect  to  use  them  in  preference  to  steel  tools. 

AVith  the  above  conclusions  my  own  somewhat  limited  experience 
entirely  agrees,  although  we  have  been  using  the  cast-iron  tools  but 
a  comparatively  short  time  at  the  shops  of  the  Ferracute  Machine 
Company. 

The  construction  of  these  tools  is  obviously  of  the  simplest  de- 
scription. An  ordinary  wooden  pattern  of  the  exact  shape  desired 
is  molded  in  the  usual  way,  with  a  small  portion  of  its  cutting-point 
in  a  cast-iron  chill  of  about  the  relative  size  shown  in  Fig.  3.     The 

Fig.  3. 


Cast-iron  tool,  and  Chill  for  its  Cutting-point. 

exact  proportions  are,  however,  of  no  consequence.     These  tools,  of 
course,  cannot  be  repaired  in  the  blacksmith-shop,  but  must  be  melted 
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up,  when  worn  out  by  breakage  or  frequent  grinding.  The  latter 
by  the  way,  is  best  performed  on  emery-wheels  rather  than  grind- 
stones. Such  tools,  however,  can  be  so  cheaply  recast  that  their 
maintenance,  as  well  as  their  original  cost,  is  much  less  than  that  of 
the  ordinary  forgings.  The  best  composition  of  metal,  as  far  as  has 
been  a.scertained,  is  the  same  as  for  car-wheels,  and  no  ))articular 
care  is  necessary  in  regard  to  the  method  of  pouring,  or  the  heat  of 
the  melted  metal.  The  table  o-jven  below  contains  some  data  re- 
garding  the  standard  metal  at  present  used  by  the  Pennsylvania 
Railroad  Company  for  its  car-wheels,  and  also  for  these  tools : 

Mixture  of  Iron  and  Steel-Bail  for  Making  Cast-Iron  Chilled  Car- 
Wheels  and  Cutting-Tools. 


Brand. 

Kind. 

Per  cent. 

used  of 

each 

brand. 

Chemical  Analysis. 

C. 

Mn. 

P. 

Si. 

s. 

Greenwood 

Lime  Rock 

Riclimond 

Shelbv 

Charcoal 

n 
l( 
n 

Anthracite... 
i< 

5 

10 

5 

5 

5 

10 

5 

55 

3.61 
3.60 
3.52 
3.61 
3.89 
3.65 
0.40 
3.50 

0.41 
0.85 
1.09 
0.23 
0.27 
0.41 
0.85 
0.52 
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I  am  indebted  to  my  friend  Mr.  Theo.  N.  Ely,  of  the  Pennsyl- 
vania Railroad  Company,  for  the  greater  part  of  three  trifling  factors 
which  enter  into  the  compo.sition  of  this  paper,  namely,  the  facts, 
figures  and  pictures.  These,  in  answer  to  my  numerous  questions, 
he  has  so  fully  given  me  that  it  is  with  some  hesitation  I  allow  my 
name  to  appear  as  the  author,  instead  of  his.  I  take  pleasure,  also, 
in  acknowledging  the  kindness  shown  me  by  Dr.  C.  B.  Dudley  and 
Mr.  W.  E.  Hall,  of  Altoona,  in  sending  me  specimen-tools,  and 
giving  me  information  regarding  the  use  thereof. 


THE  PAINT-ORE  MINES  AT  LEHIGH  GAP. 

BT  CONRAD  E.  HESSE,  MOUNT  CARMEL,  PA. 

(New  York  Meeting,  September,  1890.) 

To  increase  the  durability  of  paint  exposed  to  the  weather,  it  is 
necessary  to  protect  the  oil  with  a  substance  that  is  itself  unaffected 
by  the  elements.   The  so-called  "  metallic  "  paints,  containing  ochre, 
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possess  this  property,  as  tlie  small  particles  of  ochre  are  unaflfected 
and  penetrate  the  pores  of  the  wood  or  iron,  covering  the  oil  and 
preventing  it  from  evaporating.  For  the  paint  mannfactured  at 
Lehigh  Gap  another  advantage  is  claimed,  namely,  that  no  artifi- 
cial drier  is  needed  in  applying  it,  since  it  contains  about  twenty- 
eight  per  cent,  of  hydraulic  cement,  which  hastens  the  diying  and 
causes  the  paint  to  set,  fitting  it  thereby  for  use  in  all  out-door 
work. 

The  "  paint-bed "  worked  at  Lehigh  Gap  crops  out  along  the 
southern  border  of  Carbon  county,  about  twenty-seven  miles  north 
of  Bethlehem,  in  a  well-defined  ridge  of  Oriskany  sandstone,  known 
as  Stony  Ridge,  north  of  and  parallel  to  the  Blue  Ridge. 

Fig.  1  shows  the  line  of  the  outcrop.  (In  this  illustration  the 
lower  half  is  the  continuation  eastward — to  the  right — of  the  upper 
half.) 

The  bed  is  of  unknown  extent,  as  it  has  been  explored  eastward 
only  as  far  as  Little  Gap,  and  is  but  slightly  developed  west  of  the 
Lehigh  river,  though  it  has  been  traced  to  a  point  a  short  distance 
west  of  Pennsville. 

There  appears  to  be  some  doubt  as  to  the  discoverer  of  the  paint- 
ore  bed.  According  to  the  Second  Geological  Survey  of  Pennsyl- 
vania, Mr.  Robert  Prince  is  credited  with  finding  it  in  1856,  while 
exploring  the  lower  portion  of  the  Marcellus  slate,  in  an  effort  to 
discover  a  good  roofing-slate.  He  found  an  iron-ore,  an  analysis  of 
which  convinced  him  that  it  could  be  used  in  the  manufacture  of 
metallic  paint.  But,  according  to  Mr.  H.  Rutherford  and  his  Super- 
intendent, Mr.  Klein,  Mr.  Henry  Bowman  discovered  the  bed  and 
sent  samples  of  it  to  an  iron-works  in  the  vicinity,  in  order  to  deter- 
mine its  value  for  smelting.  Its  low  melting-point  rendered  it 
worthless  for  metallurgical  purposes,  but  the  properties  of  some  of 
the  calcined  material  indicated  its  value  for  the  manufacture  of 
metallic  paint. 

Mr.  Prince  undertook  to  work  the  deposit,  and  the  good  prices 
which  he  obtained  for  the  paint  led  several  other,  firms  into  the 
business.  Mr.  A.  R.  Bass  succeeded  Mr.  Prince  after  the  latter's 
death,  and  manufactured  '^Prince's  Metallic  Paint."  The  princi- 
pal firms  now  engaged  are  the  Prince  Brothers  and  Rutherford  & 
Barclay,  who  control  the  paint-supply  of  this  region. 

Along  the  outcrop  of  the  paint,  the  beds  are  covered  by  a  cap,  or 
overburden,  of  clay,  and  by  the  decomposed  lower  ])ortion  of  the 
Marcellus  slate,  which  is  fifty  feet  thick  at  the  Rutherford  shaft. 
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This  slate  is  very  hard  and  is  quarried  at  a  few  places,  notably  near 
IMillport. 

Beginning  with  the  Marcel  1  us  slate,  the  measures  occur  in  the  fol- 
lowing' descending  order  : 


a.  Hydraulic  cemeiii  (probably 
and  compact; 


Upper   Plelderberg),  very  hard 
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b.  Blue  clay,  about  six  inches  thick ; 

c.  Paint-ore,  varying;  from  six  inches  to  six  feet  in  thickness; 

d.  Yellow  clay,  six  feet  thick  ; 

e.  Oriskany  sandstone,  forming  the  crest  and  southern  side  of  the 
ridge.  It  is  extremely  friable  and  disintegrates  so  readily  that  it  is 
worked  for  sand  at  many  points. 

East  of  the  Rutherford  shaft  the  sandstone  forms  the  top-rock  of 
the  bed.  This  is  due  to  an  overthrow  occurring  between  the  Ruther- 
ford tunnel  and  shaft. 

The  paint-bed  is  not  continuous  throughout  its  extent.  It  is 
faulted  at  several  places  ;  sometimes  it  is  pinched  out  to  a  few  inches 
and  again  increases  in  width  to  six  feet.  A  short  distance  south  of 
Bowman's  there  is  a  fault  striking  northeast  in  the  Marcellus  slate, 
which  has  produced  a  throw  of  about  two  hundred  feet.  The 
measures  dip  from  ten  to  ninety  degrees.  The  dip  at  the  Ruther- 
ford shaft  is  about  seventy-nine  degrees  south,  whereas  at  the  tunnel 
it  is  forty-five  degrees  north.  The  ore  is  bluish-gray,  resembling 
limestone,  and  is  very  hard  and  compact.  The  bed  is  of  a  lighter 
tint,  however,  in  the  upper  than  in  the  lower  part,  #ndthis  is  pro- 
bably due  to  its  containing  more  hydraulic  cement  in  the  upper  strata. 
The  paint-ore  contains  partings  of  clay  and  slate  at  various  places. 
At  the  Rutherford  shaft  there  are  fine  bands  of  ore,  alternating  with 
clay  and  slate,  as  follows :  sandstone  (hanging-wall) ;  clay ;  ore  ;  slate; 
ore ;  clay  ;  ore ;  clay  ;  ore ;  slate ;  ore ;  cement ;  slate  (foot-wall).  These 
partings,  however,  are  not  continuous,  but  pinch  out,  leaving  the 
ore  without  the  admixture  of  clay  and  slate.  Near  the  outcrop  the 
bed  becomes  brown  hematite,  due  to  the  leaching  out  of  the  lime  and 
to  complete  oxidation.  Occasionally,  streaks  of  hematite  are  inter- 
leaved with  the  paint-ore.  In  driving  up  the  breasts  toward  the 
outcrop,  the  ore  is  found  at  the  top  in  rounded,  partially  oxidized 
and  weathered  masses,  called  "  bombshells,"  covered  with  iron-oxide 
and  surrounded  by  a  bluish  clay.  In  large  pieces  the  ore  shows  a 
decided  cleavage. 

The  method  used  in  mining  is  a  variation  of  panel-work.  Nearly 
the  same  system  of  working  is  emplo3ed  by  all  of  the  com}>anies 
who  have  developed  their  mines  either  by  means  of  tunnels  or  shafts. 
Tunnels  are  preferred  whenever  equally  convenient,  because  they 
involve  no  expenses  for  pumping  and  hoisting  machinery,  fuel^ 
repairs  to  machinery,  etc. 

The  following  description  of  the  operation  of  the  Rutherford  mines 
is  typical  of  all  the  workings  in  the  vicinity. 
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The  Rutlierford  tnmiel  is  6  feet  high  and  600  feet  long.  The 
gangways  are  driven  along  the  foot-wall  on  the  cement  side,  6  feet 
high,  and  are  heavily  timbered  and  lagged  at  the  top  and  ou  the 


Fig.  3. 


■ION  ACROSS  THE  BED,  RUTHERFORD  AND  BARCLAY  MINE. 
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clay  side.  The  sets  of  timbers  are  3|  feet  apart,  and  usually  of  9- 
inch  timber.  The  width  at  the  top  is  3J  feet,  with  a  spread  of  5  feet 
at  the  l)ottom,  the  extra  width  being  cut  from  the  clay.  Where  the 
cement-rock  is  firm,  the  collar  is  hitched  six  inches  into  it  and  sup- 
ported by  a  leg  on  the  clay  side.  The  cost  of  the  timber  is  54  cents 
per  set,  including  the  lagging.  The  monkey-gangway,  which  car- 
ries the  air  along  the  top  of  the  breast  from  the  air-shaft,  is  2|  feet 
high,  Ih  feet  wide  at  the  top,  with  a  spread  of  2J  feet  at  the  bottom. 
Wooden  rails  with  a  gauge  of  18  inches  are  spiked  to  the  cross-ties. 
Fig.  2,  representing  a  section  along  the  bed,  and  Fig.  3,  a  section 
taken  across  the  bed,  show  the  method  of  timbering  the  gangways. 
The  old  shaft  now  used  as  an  air-shaft,  and  the  connecting  gang- 
way to  B,  Fig.  2,  were  driven  some  years  ago;  the  ore  above  this 
gangway  was  taken  out  and  the  mine  was  abandoned.  The  shaft  D 
was  afterwards  sunk  and  thegangway  connecting  with  it  was  driven. 

The  gangway  is  not  driven  continuously,  but  after  being  driv^en 
about  55  feet  on  either  side  of  the  shaft,  the  breasts  are  started  25' 
feet  from  the  shaft,  a  pillar,  E,  being  left  to  protect  it.  The  breast 
is  then  opened  up  to  the  face  of  the  gangway,  and  when  one  ore- 
breast,  F,  is  worked  out,  the  gangway  is  driven  ahead  about  30  feet 
to  G,  and  a  new  breast,  H,  is  opened  and  worked  out  before  com- 
mencing a  third.  The  air-hole  is  first  driven  to  the  surface,  then 
the  breast  is;opened  to  its  full  width  of  6  feet.  The  thickness  of  the 
bed  of  ore  here  varies  from  4  to  6  feet,  depending  upon  the  thick- 
ness of  the  partings  of  clay  and  slate.  The  clay  and  slate  are  left 
on  the  bottom,  which  is  left  sloping  to  allow  the  ore  to  roll  down  to 
the  shute,  which  is  6  feet  wide  and  4  feet  long  and  heavily  timbered. 
Small  props  or  sprags  are  hitched  into  the  cement  and  wedged  with 
a  lid  on  tlie  clay  side  to  prevent  falls  of  rock. 

The  holes  are  drilled  by  hand  in  the  clay-partings.  They  vary 
in  depth  from  1  to  4  feet,  and  the  charge  of  dynamite  is  varied  cor- 
respondingly, according  to  the  amount  of  ore  it  is  desired  to  throw 
down.  The  loose  ore  is  wedged  down  with  crowbars  and  picks,  and 
is  then  freed  from  any  adhering  clay  and  thrown  down  the  shute.  It 
is  there  loaded  into  boxes  holding  about  half  a  ton  each,  which  are 
pushed  to  the  shaft  on  a  truck.  The  ore-boxes  have  four  rings  at 
the  corners,  to  which  are  attached  four  chains,  suspended  from  the 
wire  hoisting- rope.  At  the  top  of  the  shaft  the  boxes  are  detached 
and  placed  on  a  truck,  which  is  run  to  the  dump.  Thirty  cars, 
averaging  15  tons,  are  extracted  in  a  day  of  two  shifts,  the  day-shift 
working  nine  hours  and  the  night-shift  eleven.     The  pay  of  the 
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miners  is  $1.25  per  shift.  The  cost  of  mining  the  ore  averages  $1.75 
per  ton. 

The  single-drum  hoisting-engine  has  a  14  x  8-inch  cylinder, 
taking  steam  from  a  twenty-five  horse-power  boiler,  which  also  sup- 
plies the  pump.  The  average  pressure  is  80  pounds.  The  boiler 
consumes  about  1  ton  of  coal  per  day.  The  boiler  receives  its  supply 
of  water  from  an  iron  tank,  into  which  the  water  from  the  mine  is 
pumped  by  a  Cameron  No.  8  pump.  It  discharges  about  67  gal- 
lons per  minute  through  a  3-inch  column-pipe.  The  water  is 
allowed  to  settle  twenty-four  hours  before  being  used  for  making 
steam. 

Natural  ventilation  is  relied  upon.  The  air-hole  is  timbered,  and 
has  an  area  of  2  by  2J  feet.  In  every  case  the  monkey-gangway, 
a,  b,  c,  Fig.  2,  is  carried  along  the  face  from  the  air-shaft.  The 
manner  in  which  the  third  breast,  k,  would  be  ventilated,  is  shown 
by  means  of  the  lines,  a,  6,  c,  d,  e,  f,  g.  The  stowing  is  packed  so 
closely  that  there  is  little  leakage  after  the  roof  settles.  The  air- 
shaft  is  the  in-take,  and,  after  passing  through  the  breasts  and  gang- 
way, the  air  goes,  as  shown  by  the  arrows,  to  the  hoisting-shaft, 
where  it  is  warmed  by  the  steam-pipes,  and  a  strong  upward  current 
is  caused.  The  east  gangway,  i,  is  ventilated  by  the  old  gangway 
leading  from  B  to  an  abandoned  shaft.  The  amount  of  air  passing 
through  the  mine  varies  with  the  seasons,  but  is  sufficient  to  keep 
the  mine  clear.  When  better  ventilation  is  desired,  a  small  black- 
smith's blower  is  attached  to  the  hoisting-machinery,  and  air  is  blown 
into  the  bottom  of  the  shaft  through  a  pipe.  The  blower  was  also 
used  when  the  air-hole  was  driven. 

The  ore,  as  it  comes  from  the  mines,  is  free  from  refuse,  great  care 
having  been  taken  to  separate  slate  and  clay  from  it  in  the  working 
places.  It  is  hauled  in  two-ton  wagons  to  kilns  which  are  situ- 
ated on  a  hill-side,  for  convenience  in  charging.  The  platform 
upon  which  the  ore  is  dumped  is  built  from  the  top  of  the  kiln  to 
the  side  of  the  hill.  The  ore  is  first  spalled  to  fist-size  and  freed 
from  slate,  and  is  then  carried  in  buggies  to  the  charging-hole  of  the 
kiln. 

The  slate,  when  burned,  has  a  light  yellowish  color,  which  would 
change  the  color  of  the  product.  Fig.  4  represents  a  front  elevation 
of  the  kiln  and  two  sections  at  right  angles  to  each  other.  The  only 
kiln  of  the  Rutherford  and  Barclay  Company  which  I  found  in  oper- 
ation at  the  time  of  my  visit  is  22  feet  high  and  16  feet  square  on  the 
outside.  The  interior  is  cylindrical,  5  feet  in  diameter,  with  a  fire- 
brick lining  of  the  best  quality.     The  interior  lining  slopes  from  the 
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fire-place  to  the  door  by  which  the  charges  are  withdrawn  ;  this  facil- 
itates the  removal  of  the  calcined  ore.  The  casing  is  of  sandstone,  5| 
feet  thick,  and  tied  together  with  the  best  white-oak  timber.  When 
charged,  a  kiln  holds  16  tons  of  ore,  and  the  kiln  is  kept  constantly 
full.  The  heat  passes  from  the  fire-places — of  which  there  are  two 
placed  diametrically  opposite  each  other — through  a  checker-work 
of  brick  into  the  center  of  the  charge.  The  charge  is  withdrawn  by 
a  door  in  the  front  wall  2  feet  long  and  18  inches  high.  The  fire 
is  kept  at  a  cherry-red  heat,  and  about  one  cord  of  wood  is  burned 
every  twenty-four  hours.  The  kiln  works  continuously,  calcined  ore 
being  withdrawn  and  fresh  charges  made  without  interruption.  The 
ore  is  subjected  for  forty-eight  hours  to  the  heat,  which  expels  the 
moisture,  sulphur  and  carbon-dioxide.  About  1^  tons  of  cal- 
cined ore  are  withdrawn  every  three  hours  during  the  day.  The 
outside  of  the  lumps  of  calcined  ore  has  a  light  brown  color,  while 
the  interior  shows  upon  fracture  a  darker  brown.  Great  care  is  neces- 
sary to  regulate  the  heat  so  that  the  ore  is  not  over-burnt.  When 
this  happens,  the  product  has  a  black  scoriaceous  appearance,  and  is 
unfit  for  the  manufacture  of  metallic  paint,  as  it  is  extremely  hard 
to  grind. 

The  calcined  ore  is  carried  from  the  kiln  in  wagons  to  the  mill, 
where  it  is  broken  to  the  size  of  grains  of  corn  in  a  rotating  crusher 
manufactured  by  W.  F.  Mosser,  Allentown,  Pa.  The  broken  ore  is 
carried  by  elevators  to  the  stock-bins  at  the  top  of  the  building,  and 
thence  by  shutes  to  the  hoppers  of  the  mills,  which  grind  it  to  the 
necessary  degree  of  fineness.  Elevators  again  carry  it  to  the  packing- 
machine  by  a  spout,  and  it  is  packed  into  barrels  holding  500,  300 
or  100  pounds  each. 

The  power  to  run  the  machinery  is  derived  from  Aquanchicola 
creek.  A  dam  gives  a  head  of  8  feet  to  the  54-inch  turbine  which 
is  geared  to  the  machinery.  Six  runner-stones  are  used  continually, 
one  always  standing  idle,  to  be  dressed.  From  12  to  14  horse-power 
is  required  for  each  stone.  The  total  cost  of  preparing  the  ore,  in- 
cluding mining,  transportation,  burning  and  grinding,  averages  $5.75 
per  ton.  The  total  waste  is  between  600  and  700  pounds  in  a 
long  ton. 

In  concluding  I  desire  to  acknowledge  my  indebtedness  to  Mr.  H. 
Rutherford,  senior  member  of  the  firm  of  Rutherford  &  Barclay,  for 
his  courtesy  in  affording  me  every  facility  for  observing  the  working 
of  the  mine  and  the  method  of  preparing  the  ore.  My  thanks  are 
also  due  to  Mr,  Wilson  Klein,  the  Superintendent,  and  to  the  other 
employees,  for  the  valuable  information  I  have  received  from  them. 
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THE  PEOGRESS   OF  GERMAN  PRACTICE  JJV  THE  METAL- 
LURGY  OF  IRON  AND  STEEL   SINCE  1870, 
WITH  SPECIAL  REFERENCE   TO 
THE  BASIC  PROCESSES. 

BY  DR.    HERMANN  WEDDING,   BERLIN,   GERMANY. 

{Pittsburgh  International  Session,  October,  1890.) 

Introduction. 

It  is  now  fourteen  years  since  we  German  ironmasters,  in  con- 
siderable number,  visited  the  United  States  on  the  occasion  of  the 
Phihidelphia  Exposition,  and  found  the  iron  metallurgy  of  this 
country,  as  must  be  frankly  confessed,  in  an  advanced  stage  of  de- 
velopment not  previously  suspected  by  us.  At  that  time  the  United 
States  already  occupied,  as  now,  the  second  rank,  with  Germany  in 
the  third,  the  product  of  pig-iron  for  that  year  being,  in  Great 
Britain,  6550,  in  this  country,  2093,  and  in  Germany,  1850  kilo- 
tons.*  This  relative  position  has  not  been  changed.  The  present 
annual  product  of  the  three  countries  is,  in  round  numbers.  Great 
Britain,  8380,  the  United  States,  7790,  and  Germany,  4530  kilo- 
tons.  But  the  proportion  of  the  United  States,  which  was,  in  1876, 
but  15  per  cent,  of  the  world's  product,  has  now  advanced  to  30 
per  cent. 

When  we  left  America  in  1876,  it  was  not  only  with. gratitude 
for  cordial  hospitality  and  for  the  liberality  with  which  our  pro- 
fessional colleagues  here  had  opened  to  our  inspection  whatever  was 
worthy  of  notice  in  our  special  field,  but  also  with  the  conviction  that 
we  had  collected  a  great  treasure  of  new  and  interesting  informa- 
tion which  we  could  utilize  for  the  benefit  of  our  German  Father- 
land. Particularly  the  achievements  of  the  never-to-be-forgotten 
Holley  in  the  field  of  Bessemer  practice,  set  us  an  inspiring  example 
for  imitation  in  our  own  country. 

As  an  expression  of  our  thanks  in  more  practical  fashion,  I  at- 
tempt in  this  paper  to  sketch  what  we  have  done  in  Germany  since 

*  The  kiloton  is  1,000,000  kilogram«,  or  (very  nearly)  1000  tons  avoirdupois,  the 
metric  ton  of  1000  kilos  weighing  2204.6  lbs.  avoirdupois. 
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that  time  in  the  mctcallurgy  of  iron  and  steel,  venturing  to  hope 
that  some  portion  of  what  I  bring  may  prove  useful  to  our  Amer- 
ican brethren. 

Germany  (including  Luxemburg,  which  is  included  in  the  Cus- 
toms-Union with  the  Empire),  produced,  in  187G  and  1889: 

1876.  1889. 

Kilotous.  Kilotons. 

Iron-ore, 4,712  11,001 

Coal  and  lignite,  .         .         .  •      .         .         .        .       49,550  84,892 

Pig-iron, 1,846  4,525 

Castings, 436  940 

Malleable  iron,  I  I"g«'-'^«"'        •        •         •        •  249  2,046 

I  Weld-iron,       ....  943  1,655 

I  use  the  words  ingot-iron  (Flusseisen)  and  weld-iron  {Schwdss- 
eisen)  which  are  employed  by  us  in  official  documents  and  in  the 
custom-house,  and  the  first  of  which  practically  comprises  all  that 
is  called  "  steel."  It  is  not  my  purpose  to  urge  again  the  inter- 
national harmony  of  nomenclature  which  was  planned  in  1876,  but, 
unfortunately,  not  completely  achieved.  I  would  only  remark  that 
we  Germans  get  along  very  comfortably  with  the  names  then  pro- 
posed, which  we  adopted  at  once. 

The  figures  given  above  may  serve  to  prove  that  we  have  taken 
some  pains  to  maintain  our  position  as  the  third  nation  in  the  com- 
petition of  the  iron-producing  world. 

I.  Ores  and  Fuei^. 

Like  the  United  States,  and  unlike  England,  France  and  Bel- 
gium, Germany  is  fortunate  in  possessing  within  its  own  borders  the 
raw  materials  for  its  iron  industry.  There  is  an  importation  of 
ores  from  Spain,  Sweden  and  Hungary,  it  is  true,  but  it  is  not 
strictly  necessary,  and,  in  fact,  is  more  than  offset  by  the  exportation 
of  German  ores.  In  other  words,  we  mine  considerably  more  than 
enough  ore  for  all  the  iron  we  make.  Since  1876,  indeed,  the 
center  of  gravity  of  the  German  iron-ore  production  has  moved. 
It  now  lies  in  Lorraine  and  Luxemburg,  on  the  western  edge  of  the 
Empire,  where  57  per  cent,  of  our  ore-product  is  mined. 

We  possess  very  few  ores  that  are  free  from  phosphorus,  and 
those  which  we  have  are  so  manganiferous  that  they  cannot,  gener- 
ally speaking,  be  used  to  make  pig-iron  for  tiie  acid  Bessemer  pro- 
cess. On  the  other  hand,  we  have  an  abundance  of  phosphoric  ores, 
the  greater  part  being  so  rich  in  ph().«phorus  as  to  be  suitable  for 
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the  manufacture  of  pi^  for  the  basic  Bessemer  or  Thomas  process. 
The  remainder  is  composed  of  ores  of  medium  tenor  in  phosphorus, 
and  suited  only  to  the  manufacture  of  forge  and  foundry  irons. 
So  far  as  the  acid  Bessemer  practice  is  still  maintained  among  us, 


it  requires  foreign   ores;   and  this  need  is   supplied   chiefly  from 
Spain. 

The  proportion  among  the  different  classes  of  ores  in  the  product 
mined  is  about  as  follows  : 
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Ores  which  can  be  used  by  themselves  to  make  Thomas  pig,  64  G 

Ores  suitable  for  forge  and  foundry  irons,       ....  22.2 

"  Acid  Bessemer "  ores, 2  8 

Manganiferous  ores  (used  to  make  white  pig  and  spiegel),     .  10.4 

100.0 

But  if  we  add  the  foreign  ores  imported  and  deduct  the  dome.stic 
ores  exported,  we  have  as  the  proportional  consumption  of  each 
class  in  Germany : 

Ores  for  Thomas  pig, 52. 

"      "   forge-  and  foundry-irons, 22. 

"      "  acid  Bessemer  pig, 15. 

"      "  spiegel,  etc., 11. 

100. 

But  this  statement  does  not  correctly  represent  the  actual  use  of 
the  different  classes  ;  for  it  frequently  happens  that  commercial  con- 
ditions make  it  advisable  to  use,  in  the  production  of  one  kind  of 
pig,  ores  which  would  be,  of  themselves,  better  adapted  to  some 
other  kind,  (For  instance,  high- and  low-phosphorus  ores  are  often 
mixed  to  produce  a  forge-iron.) 

As  to  our  fuels,  the  figures  already  given  show  that  we  have  an 
abundant  supply  for  all  indu.strial  purposes,  including,  of  course,  the 
iron  manufacture,  for  which,  with  rare  exceptions,  only  bituminous 
coal  and  coke  made  from  it  are  employed.  Moreover,  our  coal-fields 
will  not  be  exhausted  in  many  centuries.  Unfortunately,  not  all 
our  coal-basins  furnish  the  material  for  coke  suitable  for  the  blast- 
furnace. Strictly  speaking,  there  is  but  one  basin — the  Westphalian 
or  Ruhr  coal-basin — which  satisfies  this  condition  to  the  satisfaction 
of  the  ironmaster.  In  other  districts,  as,  for  instance,  that  of  the 
Saar,  coke  is  indeed  made,  but  of  greatly  inferior  quality  as  com- 
pared with  the  Westphalian.  In  Upper  Silesia,  the  coke  made  with 
the  greatest  pains  from  domestic  coals  would  seem,  nevertheless,  to 
a  stranger  an  utterly  impracticable  element  in  the  regular  conduct  of 
a  blast-furnace.  This  difficulty  has  caused  in  Germany,  perhaps 
more  than  in  any  other  country,  the  careful  testing  of  all  means  of 
improvement,  and  the  adoption  of  those  which  stood  the  test,  in  order 
that  the  quality  of  the  coke  made  from  poor  coal  might  be  made 
serviceable. 

Dr.  Otto  estimates  the  coke-production  of  Germany  at  26,313 
kilotons,  of  which  13,401  should  be  credited  to  the  Ruhr  basin, 
4168  to  Upper  Silesia  and  2092  to  the  basin  of  the  Saar. 
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The  difficulty  with  German  coking-coals  is  usually  to  be  found, 
not  so  much  in  an  excess  of  ash  as  in  the  lack  of  "coking-quality," 


Quaglio's  Travelling  Stamper  for  Fine  Ckial. 
even  when  the  ash  is  low.     So  far  as  the  ash  is  concerned,  an  adequate 
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remedy  has  been  found  in  careful  washing  after  sizing.  Our  coal- 
washing  apparatus  leaves  little  to  be  desired  now  that  the  principle 
of  a  preliminary  sizing  has  been  fully  recognized. 

But,  as  already  observed,  some  of  our  coals — especially,  for  in- 
stance, those  of  tipper  Silesia — have  already  so  small  a  percentage 
of  ash,  that  washing  will  not  sensibly  reduce  it,  so  that,  although 
the  preliminary  crushing  is  performed  as  an  advantageous  prepara- 
tion for  the  coking-process,  it  is  not  worth  while  to  proceed  to  wash 
the  crushed  coal. 

There  is  a  decided  advantage  of  crushing  the  coal  before  coking 
in  the  more  intimate  contact  of  particles  thus  secured.  Experience 
has  shown  that  the  smaller  the  quantity  of  heavy  hydrocarbons  in 
the  coal  (these  being  the  well-known  determinants  of  its  coking- 
quality)  the  closer  must  the  solid  particles  be  brought  together  in 
order  to  form  a  cohesive  coke.  To  this  end  many  means  have  been 
proposed  and  tried.  The  attempt  has  been  made,  without  practical 
success,  to  press  the  coal  together  in  the  coke-oven.  Again,  the  coal 
has  been  made  into  bricks,  which,  by  reason  of  their  regular  shape, 
could  be  packed  tightly  together  in  the  oven ;  but  this  practice  also 
has  failed  of  general  adoption.  Finally,  resort  has  been  had  to  the 
method  of  stamping  the  coal  in  a  box,  and  charging  into  the  oven 
the  whole  of  the  thick  slab  thus  produced.  This  procedure  has 
given  satisfaction  at  German  works,  and  is  now  in  somewhat  exten- 
sive use.  The  apparatus  shown  in  Figs.  1,  2  and  3,  from  the  German 
patent  of  J.  Quaglio,  No.  36,097,  is  used  especially  by  Upper  Sile- 
sian  coke-makers  (Julieuhiitte  and  Friedlander),  who,  however, 
everywhere  stamp  by  hand  instead  of  using  a  stamping-machine,  as 
shown  in  Fig.  4. 

In  proportion  to  the  amount  of  by-products  obtainable  by  conden- 
sation from  the  gases  of  coking  (which  is  not  always  in  proportion 
to  the  total  amount  of  the  gases  themselves),  is  the  inducement  to 
include  in  plants  and  practice  the  saving  of  such  by-products.  At 
many  works  tar  and  ammonia  (which  latter  is  usually  converted  at 
once  into  sulphate)  are  separated  from  the  coke-oven  gases  by  con- 
densation. But  this  is  not  by  any  means  the  last  word  of  progress 
in  this  direction.  It  has  been  found  that,  as  in  gas-distillations,  so 
in  the  condensation  of  the  coke-oven  gases,  the  proper  regulation  of 
pressure  and  temperature  permits  the  formation  of  a  whole  series  of 
useful  by-products.  This  system  is  now  employed  in  ever-increasing 
extent,  particularly  in  Upper  Silesia. 

The  arrangement  of  such  a  condensing- works  is  shown  in  Figs. 
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5  to  14,  from  a  communication  of  Dr.  Otto,  of  Dahlhausen,  to  the 
Society  of  German  Ironmasters.     The  ovens  here  represented  have 
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each  a  capacity  of  5.75  metric  tons  of  dry  coal,  and  the  coking  re- 


.  XIX,— 22 
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quires  forty-eiglit  hours.  The  gases  wliich  remain  after  the  conden- 
sation consist  essentially  of  light  hydrocarbons,  and  are  approxi- 
mately free  from  oxygen  and  nitrogen,  especially  if  the  ovens  are  so 
well  built  and  maintained  that  the  entrance  of  atmospheric  air  into 
the  coking-spaces  is  completely  prevented.  These  gases  are  further 
utilized  in  heating — primarily  the  coke-ovens  themselves,  under  the 
floors  and  between  the  walls  of  which  they  are  conducted.  But  the 
gases  are,  after  the  condensation  is  over,  so  far  cooled  that  they  will 
scarcely  ignite  spontaneously,  and  once  ignited  do  not  continue  to 
burn  freely.  Hence,  either  the  gases  or  the  air  which  is  to  burn 
them,  or  both,  must  be  pre-heated.  The  practice  had  been  intro- 
duced, at  one  time,  of  providing  regenerators  (see  Figs.  5,  6  and  7) 
to  be  heated  by  the  burned  gases  (after  these,  by  their  combustion, 
had  heated  the  coke-ovens),  and  to  heat  in  turn  the  freshly-entering 
gases  and  the  air  for  their  combustion.  But  it  has  been  demon- 
strated, especially  by  the  experiments  of  the  well-known  constructor 
of  coke-ovens,  Dr.  Otto,  of  Dahlhausen,  that  this  pre-heating  of  the 
gases  may  very  well  be  omitted  if  the  air  is  sufficiently  heated.  The 
resulting  oven-construction  is  shown  in  Figs.  8  and  9,  while  Figs. 
10  to  14  give  the  condensing-works,  and  Fig.  15  the  general  plan. 

If  the  ammonia  from  the  first  condensation  is  too  weak,  it  is 
enriched  on  gas-washers  until  the  ammonia-water  shows  3°  to  3|° 
Beau  me. 

The  gases,  the  temperature  of  which  in  the  floor-flues  of  the 
ovens  is  1200°  to  1400°  C,  and  in  the  side  walls  1100°  to  1200° 
C,  show,  as  a  rule,  at  the  foot  of  the  heating-flues,  over  700° 
C.  still.  When  they  finally  escape,  therefore,  from  the  flues, 
they  carry  so  much  heat  that  they  have  been  further  used  under 
steam-boilers  with  other  fuels.  Often  (and  especially  in  Upper 
Silesia)  the  quantity  of  gases  is  so  great  that  a  small  part  suffices  to 
support  the  coking,  while  the  rest  can  be  otherwise  utilized.  Mr. 
Bremme,  an  engineer  at  Julienhiitte,  has  succeeded  in  finding,  after 
the  separation  of  the  gases,  a  very  advantageous  use  for  the  latter 
portion  in  the  heating  of  blast.  The  gases,  which  are  free  from  dust 
aud  ashes  and  give  a  high  calorific  effect,  are  burned  in  brick  heat- 
ing-stoves (Cowper  stoves).  This  has  furnished  a  remedy  for  the 
difficulty  encountered  in  Upper  Silesia  by  reason  of  the  large  amount 
of  zinc-dust  in  the  blast-furnace  gases  usually  employed  to  heat 
the  hot-blast  stoves. 
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II.  Blast-Furnace  Practice. 
The  conditions  of  the  German  blast-furnace  practice  vary  greatly. 
The  native  ores  are  nowhere  nearly  as  rich  as  the  more  important 


o 


ores  employed  in  America;  for  instance,  the  specular  ores  of  Lake 
Superior  and  the  magnetites  of  the  Northeast.  Perhaps  there  is  no 
other  district  in  the  world  where  the  furnace-charge  carries  so  little 
iron  as  in   Upper  Silesia,  where   it  sometimes  falls  below  30   per 
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cent.  It  is  not  merely  the  low  tenor  of  the  ores  in  iron,  but  also 
its  iisnal  aecompaniraent,  a  high  tenor  in  silica,  which  causes  this 
character  of  charge.  Concentration  of  the  ores  is,  with  a  few  excep- 
tions, impracticable  financially.  The  finely-divided  condition  of  the 
ore  in  the  gangue  prevents  any  separation  by  gravity  without  a 
previous  fine-crushing;  and  this,  again,  would  introduce  new  diffi- 
culties into  the  working  of  the  blast-furnace. 

One  disadvantage  we  have  in  common  with  the  ironmasters  of 
the  United  States — the  necessity,  namely,  as  a  general  rule,  of  rail- 
way-transportation over  considerable  distances  for  ores  or  coke,  or 
both.  But  we  lack  the  magnificent  water-ways,  like  the  great  lakes 
of  the  North ;  and  the  development  of  internal  canals,  as  a  remedy 
for  this  natural  disadvantage,  is  still  delayed  in  Germany. 

To  give  instances  of  our  transportation  of  materials :  most  of  the 
iron-ores  smelted  in  Westphalia  (where,  as  already  observed,  the 
best  coke  is  made),  must  be  brought  from  the  Siegen  district,  from 
the  Lahn  and  from  Lorraine.  On  the  other  hand,  notwithstanding 
the  abundance  of  iron-ore  in  Lorraine,  the  ironmaster  there  must 
import  not  only  Westphalian  coke,  but  also  (by  reason  of  the  sul- 
phury character  of  the  native  ores)  manganiferous  ores  from  the 
Lahn  as  an  admixture.  And  in  all  this  transportation  there  is  no 
water-route  except  a  short  piece  of  the  Rhine. 

The  most  favorably  located  furnaces,  with  reference  to  the  near- 
ness of  the  raw  materials,  are  those  of  Upper  Silesia. 

In  blast-furnace  construction,  practice  inclines  more  and  more  to  the 
entirely  free  stack  without  exterior  masonry  [Mauhgemduer).  Figs.  16 
(Plate  I.),  17, 18, 1 9  and  20  from  the  Friedenshiitte  in  Upper  Silesia, 
and  Figs.  21  and  22  from  Horde  in  Westphalia,  show  the  general  pro- 
portions and  arrangement.  Liirmann's  cinder-notch  is  universally 
used.  Generally  the  furnace  is  closed  in  front,  as  a  crucible-fur- 
nace (Fig.  16).  The  old-fashioned  fore-hearth  {Sumpfofen)  occurs, 
however,  when  (in  the  production  of  Bessemer  or  Thomas  pig)  casts 
are  to  be  made  at  brief  intervals.  But  in  this  case  also  the  cinder- 
notch  is  used,  since  the  interspace  of  the  fire-hearth  is  entirely 
closed  by  tamping  (see  Fig.  23). 

The  removal  from  the  furnace-walls  of  the  weight  of  the  tunnel- 
head,  bell,  etc.,  is  becoming  more  and  more  complete.  The  closed 
top  (for  lump-ores,  usually  the  Parry  cone,  shown  in  Fig.  24,  from 
Lorraine;  for  fine  ores,  the  Langen  bell-charger,  frequently  pro- 
vided also  with  an  interior  suspended  gas-pipe,  contracting  down- 
wards, as  shown  in  Fig.  21),  is  always  iiung  from  the  top  platform 
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and  carried  by  special  supports,  mostly  columns  of  iron  pipe.     The 
closed  top  with  interior  suspended  pipe  at  the  Horde  furnaces  does 


J  ^    ^  K  )i,  si  1^  ' 


y    5 

Sh 
P- 

PC 


not,  indeed,  satisfy  the  theoretical   principle  that  the  gases  should 
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be  collected  either  only  above  or  only  below  the  stock-level ;  but  it 
has  proved  itself  the  best  cAaj'f/ing-apparatus,  probably  because,  by 
means  of  the  suspended  pipe,  the  center  of  the  stock-column  is  most 
effectively  kept  loose.  At  these  furnaces  the  bell  is  operated  by 
steam. 

Liirmann  was  the  first  to  emphasize  the  desirability  of  making 
the  different  parts  of  the  blast-furnace  more  independent  of  one 
another  than  formerly,  and  of  relieving  the  lower  parts  from  the 
weight  of  the  npper.  Fig.  25  shows  such  a  construction.  But 
some  have  gone  still  further  and  separated  the  parts  of  the  furnace- 
walls  above  the  bosh,  connecting  each  by  means  of  a  ring  and 
brackets  with  the  supports  of  the  top-platform. 

The  cooling  of  the  hearth  is  generally  very  complete,  from  the 
bosh  to  the  bottom.  Yet  it  seems  to  have  been  rendered  in  part  or 
wholly  unnecessary  by  an  arrangement  which  has  been  devised  by 
Director  Burgers  at  Gelsenkirchen,  namely,  the  employment  of  car- 
bon bricks  made  of  retort-graphite  or  of  coke-dust  (containing  1  to 
2  per  cent,  of  ash),  moulded  with  tar  and  glow-heated  igegluht). 
These  are  substituted  for  the  ordinary  fire-bricks  of  the  hearth,  and 
seem  to  be  well-adapted  even  for  the  bosh-  and  belly-walls.  They 
are  likely  to  find  increasing  use  wherever  the  blast-furnace  manager 
is  not  troubled  with  lead  and  zinc  in  the  ores.  The  tuyeres  are  always 
cooled;  but  the  form  first  introduced  by  Hilgenstock  at  H5rde  (see 
Fig.  26)  is  frequently  used  instead  of  the  ordinary  closed  form. 

Brick  hot-blast  stoves  are  so  nearly  universal  that  iron  stoves  can 
be  found  at  few  works.  The  former  have  proved  economical  wherever 
the  blast  is  to  have  at  least  600°  C.  of  temperature.  With  well- 
built  iron-pipe  stoves,  500°  to  550°  C.  can  be  maintained  without 
difficulty,  as  is  proved  at  Gleiwitz.  The  opposition  to  brick  stoves 
lasted  longest  in  Upper  Silesia,  where  the  immense  quantity  of  zinc- 
dust  (oxide)  carried  by  the  tunnel-head  gas  rendered  the  economy, 
and  even  the  operation,  of  such  stoves  problematical.  When  they 
were  finally  adopted,  their  employment  required  a  careful  pre-cleans- 
ing  of  the  gas,  which  was  performed  first  in  the  dry  way,  afterwards 
by  means  of  water-spray.  And  it  is  still  necessary,  in  cases  (frequent 
in  Upper  Silesia)  where  the  ores  carry  zinc,  to  blow  out  the  stoves 
by  letting  the  blast  pass  through  them  for  a  brief  period  (often  not 
more  than  a  second)  before  admitting  it  to  the  blast-furnace. 

Iron  stoves  have  been,  and  will  be  with  good  reason,  retained 
where  a  low-silicon  gray  or  mottled  iron  is  made,  especially  for  chill- 
castings,  to  which  end,  it  is  true,  a  cold  blast  is  not,  according  to  the 
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ancieut  prejudice,  necessary,  but  the  blast  should  not  be  hotter  than 
300°  C.  It  is  certainly  an  error  to  employ  brick  stoves  for  low 
temperatures.  They  give  their  best  results  at  a  blast-teraperature 
of  900°  C.  In  form,  these  stoves  have  followed  the  well-known 
line  of  development,  from  the  original  checker-work  to  vertical  cyl- 
indrical or  prismatic  flues. 

For  a  long  time,  difficulty  Avas  encountered  in  so  conducting  the 
burned  gases  as  to  heat  uniformly  the  entire  cross-area  of  the  appa- 
ratus; and  Engineer  Bocker,  at  Friedenshiitte,  near  Morgenroth,  in 
Upper  Silesia,  eflPected  an  important  improvement  when,  instead  of 
giving  a  uniform  cross-area  to  his  gas-flues,  he  made  those  in  the 
center,  where  the  gases  traverse  the  shortest  path,  smaller  than  those 
at  the  sides,  through  which  the  path  is  longer.  Fig.  27  shows  his 
construction.  The  same  end  has  been  sought  of  late  in  Luxemburg 
by  means  of  slide-valves,  apparently  a  less  simple  and  effective  de- 
vice. 

To  prevent  the  gas  from  striking  back  into  the  blast-pipe,  the 
simple  Steffen  "spectacles"  {Brillen),  shown  in  Figs.  28-31,  are 
largely  employed, 

The  blast-furnace  gases  are,  of  course,  primarily  used  for  heating  the 
blast,  but  secondarily,  also,  in  raising  steam,  particularly  for  the  blow- 
ing-engines. A  disaster  at  Friedenshiitte  in  Upper  Silesia,  which 
spread  consternation  through  the  whole  district,  namely,  the  simul- 
taneous explosion  of  a  set  of  22  boilers,  heated  with  blast-furnace  gas, 
gave  rise  to  a  thorough  re-examination  of  the  subject  of  firing  under 
boilers  with  gas.  While  it  was  proved  that  even  a  serious  gas-explo- 
sion under  such  circumstances  could  not  possibly  produce  of  itself  such 
frightful  effects  as  this  instance  presented,  still  it  was  not  quite  dis- 
proved that  the  impulse  to  the  beginning  of  a  steam-explosion  might 
possibly  be  occasioned  by  the  accumulation  and  subsequent  explosion 
of  unburned  gas  in  the  flues  beneath  and  between  the  boilers.  All 
the  witnesses  of  the  Friedenshiitte  catastrophe  became  its  victims, 
and  a  complete  explanation  of  it  can  never  be  given.  But  in  re- 
building the  boiler-department  of  the  works,  great  care  was  exercised 
to  secure,  by  means  of  regenerators  in  front  of  the  gas-jets,  the  spon- 
taneous and  certain  ignition  of  the  gas-current  whenever,  after  any 
brief  intermission,  it  may  be  again  directed  under  the  boilers. 

Fig.  32  shows  this  arrangement  at  Friedenshiitte.  The  following 
statement  shows  the  economic  gain  from  a  similar  arrangement  at 
liayingen,  in  Lorraine  :  Before  the  use  of  regenerator-firing,  in  fif- 
teen boilers,  of  100   square  meters   heating-surface,  there   was   pro- 
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duced,  per  square  meter,  per  hour,  16  kilos  of  steam;  afterwards, 
20  kilos.  At  Friedenshlitte  the  ^ain  is  still  greater,  14  kilos  of 
water,  per  square  meter,  per  hour,  beiug  evaporated,  as  against  8  to 
8.5  kilos  before  the  regenerators  were  used. 

Pig-iron  is  made,  according  to  the  market  demand  for  its  further 
use  in  the  cui)ola,  puddling-furnace,  Bessemer  or  Thomas  converter, 
or  open-heartii  furnace,  or  in  casting  direct,  without  remelting. 
The  distribution  of  the  total  product  among  the  several  classes  is 
given  on  a  succeeding  page.  There  is  a  remainder  of  Brucheisen 
and  Waseheisen  (furnace-scrap  sorted  or  washed  from  sand,  cinder, 
etc.).  That  we  are,  as  a  rule,  far  behind  American  practice  in  the 
amount  of  daily  product,  is  easily  explained  by  the  leanness  of  our 
ores.  If,  upon  such  lean  ores,  we  should  blow  fiister,  the  result  would 
be  an  imperfect  reduction  and  a  scouring  cinder.  Nevertheless,  our 
performance  is  not  contemptible,  as  the  following  examples  may  show : 

At  Gleiwitz,  a  furnace  of  255  cubic  meters  capacity,  with  blast 
heated  to  only  500°  C,  in  iron  stoves,  produces  daily,  and  with 
regularity,  from  a  charge  carrying  37  per  cent,  of  iron,  61  metric 
tons  of  pig,  upon  a  fuel  consumption  of  95  kilos  of  coke  to  100  of 

pig- 

At  other  works  in   Upper  Silesia,  ^\+lere  the  blast  is  heated  in 

brick  stoves  to  700°  or  800°  C,  72  tons,  per  twenty-four  hours,  are 

produced  in   furnaces,  of  300  cubic  meters  capacity,  from  a  charge 

containing  30  per  cent,  of  iron  ;  but  the  consumption  of  coke  per 

100  kilos  of  pig,  amounts  to  120  to  130  kilos. 

At  a  few  works,  the  conditions  are  much  more  favorable.  At 
Friedenshlitte,  the  newest  furnace,  of  278  cubic  meters  capacity, 
charged  with  70  per  cent.  Upper  Silesian  ore,  25  per  cent,  cinder 
and  5  per  cent.  Hungarian  spathic  ore,  produces  80  to  90,  sometimes 
100,  tons  of  Thomas  pig  per  24  hours,  consuming  120  to  130  kilos 
of  coke  (containing  12  per  cent,  of  ash)  per  100  kilos  of  pig.  The 
ore-mixture  contains  33  per  cent,  of  iron,  0.4  of  lead  and  0.4  of  zinc. 
The  dolomitic  limestone  flux  contains  from  1  to  2  per  cent,  of  zinc. 

At  Ilsede,  where  a  very  uniform  mixture  of  phosphoric  brown- 
hematite  kidney-ore  [Bohnerze)  is  used  without  fluxes,  and  yields  35.7 
per  cent,  of  iron,  the  coke-consumption  per  100  kilos  of  pig  is  89.7 
kilos  (sometimes  running  down  to  79.1  kilo.s),  and  the  average  pro- 
duct is  181.4  metric  tons  in  twenty -four  hours,  while  occasionally 
190,  and  even  200,  tons  have  been  reached. 

At  the  Rhenish  steel-works,  where  the  blast- fur  mice  charge  con- 
sists of  one-third  minette  (oolitic  brown  hematite)  and   two-thirds 
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domestic  and  foreign  ores,  the  average  daily  product  from  two  fur- 
naces is  320  metric  tons. 

In  contrast  with  the  relatively  simple  nature  of  the  charge  in  the 
works  above-named,  the  conditions  as  to  ore-mixture  are,  in  West- 
phalia, highly  complicated.  At  Horde,  it  is  necessary  to  mix  from 
twelve  to  fifteen  different  kinds  of  ore;  and  at  Oberhausen,  the 
largest  German  blast-furnace  establishment,  up  to  thirty  kinds  are 
mixed  for  the  charge.  The  following  table  illustrates  the  practice 
at  H5rde : 


Composition  of  a  Bed  prepared  for  Charging,  at  Horde. 

Parts. 

2,50(1 

1,001) 

2,00(1 
."iOO 
50(1 
500 
500 

750 

500 

1,250 

*2,600 

Ores,  etc. 

Fe. 
P'ret. 

Mn. 
P'ret. 

AI2O3 
P'ret. 

CaO. 
P'ret. 

MgO. 
P'ret. 

SiOo. 
P'ret. 

S. 
P'ret. 

P.     -gibb 
P'ret.  g^.S 

Roasted  black-band,  mined 

i'\   RO 

1.78 

1.34 
5.00 

10.00 
4.33 

5.58 
2.74 

2.52 
1.56 

12.54 

8.97 
10.50 
12.37 
16.74 

8.44 

32.61 

24.20 

5.47 

5.79 
0.73 

1.17 
0.23 

0.70 

0.40 
3.10 
3.04 
0.99 
4.89 

P'ret. 

Crade  black-band,  mined  by 

the  Company 29.12 

Westphalian  puddle-cinder..  63.87 
"           hammer-cinder|  60.01 
S^iegerland  manganese-slag..'  45.77 
Puddle-cinder  from  the  Saar  59.56 
Forge-cinder,   produced  by^ 

the  Company '  50.23 

Brown  hematite   from  the 

Lahn                                    '''?  rf, 

40.25 

13.62 
1.07 

1.22 
0.24 
16.89 

4.54 
1.23 
2.29 

1.74 

31.65 

6.27 
51.14 

1.00 

1.11 

3.04 
2.18 

0.53 
0.15 
0.35 

9.13 

25.05 

14.18 
43.54 

Red  hematite  from  Sauer- 

land 

Manganiferous    Iron -ore 

24.15 

32.65 
0.20 

0.02 
0.19 

Limestone  from  the  Lenne.. 

12,600 

The.se  conditions  and,  consequently,  the  proportions  of  the  mixture 
are  constantly  changing,  so  that  anal/ses  of  the  several  ores  must  be 
continually  made. 

The  ores  of  Lorraine  and  Luxemburg  carry  a  proportion  of  phos- 
phorus which  fits  them  for  the  manufacture  of  Thomas  pig,  con- 
taining about  2|  per  cent,  of  phosphorus;  but  they  carry  also  an 
amount  of  sulphur  which  requires,  as  I  have  already  intimated,  the 
addition  of  manganiferous  ores.  In  the  northern  part  of  Lorraine, 
it  is  true,  a  self-fluxing  ore-mixture  can  be  made  out  of  suitable 
proportions  of  the  different  varieties;  in  the  southern  part,  the  addi- 
tion of  limestone  is  necessary.  It  is  the  general  rule  in  Germany, 
that  limestone  is  required;  the  only  exception,  outside  of  Luxem- 
burg and  part  of  Lorraine,  being  the  works  at  Ilsede. 

The  relative  proportion,  in  the  pig-iron  product,  of  the  different 


*  The  proportion  of  limestone  is  26  per  cent,  of  the  total  ore. 
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classes  of  pig,  has  greatly  changed  since   1876,  as   the  following 
statement  will  show  : 

Classes  of  Pig.  Production  in  Kilotons. 

1876.  1889. 

Foundry, 117  610 

Forge  (for  puddling), 1343  1965 

For  ingot-iron  (including  cast-steel),   .         .         .       341  1907 
For    direct    casting    (including   Brucheisen    and 

Waseheisen), 45  43 

Total,  pig-iron, 1846  4525* 

That  is  to  say,  the  production  of  pig  for  ingot-iron,  which  was,  in 
[;;;j\^\^  Fig.  12  ^    .^.^._^ 


End-View  of  Gas- Washers  in  Condensing-Plant  (Figs.  10, 11). 

187G,  only  one-fourth  as  great  as  that  of  pig  for  puddling,  now 
equals  the  latter;  and  the  product  of  direct  castings  from  the  blast- 
furnace without  smelting  has  decreased  not  only  relatively  but  abso- 
lutely. 

Ferromanganese  is  regularly  made  in  Germany  in  the  blast-fur- 
nace, but  exclusively  at  the  Oberhau.sen  works  (the  most  extensive 


*  Of  which  only  25  kilotons  were  made  with  charcoal  as  fuel. 
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of  the  kind  in  the  country),  where  all  other  kinds  of  pig-iron  are 
also  produced. 

The  practice  of  subjecting  the  liquid  iron  direct  from  the  blast- 
furnace to  the  fining  (oxidizing)  process  which  it  is  to  undergo,  is 
continually  extending.  The  liquid  pig  is  sometimes  conveyed  a 
long  distance.  At  H5rde,  for  instance,  it  is  carried  by  railway  2 
kilometres  (say  1^  English  miles)  from  the  blast-furnace  to  the 
Thomas  apparatus.  The  tapping  of  small  casts  at  regular  periods 
makes  no    trouble.     The  workmen  quickly  become  accustomed  to 


Fig.   t3 


Section  and  Elevation 
of  Gas-Cooler. 


Section  and  Elevation  of 
Gas-Washer. 


tap  from  the  furnace  into  the  ladle  (which  usually  stands  on  a  scale) 
the  exact  quantity  required.  Figs.  33-35  (Plate  II.)  show  the  form 
of  ladle-car  at  Horde. 

The  iron-notch  or  tapping-hole  is  kept  during  the  cast  as  small  as 
practicable,  and  when  sufficient  iron  has  run  out  it  is  stopped  with  a 
chamotte  or  clay  plug  on  the  end  of  a  long-  rod.  An  adequate  supply 
of  such  plugs,  previously  prepared  by  the  keeper,  is  always  on  hand. 
When  the  tapping-hole  has  become  gradually  too  short,  it  is  opened 
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and  repaired;  the  space  made  for  packing  in  the  new  material  being 
partly  filled  with  loam,  and  a  conical  wooden  block  being  laid  in  it 
and  tamped  with  a  mixture  of  coke-dust  and  tar,  over  (in  front  of) 
which  loam  is  pounded  in.  The  tar-coke  mass  stands  excellently, 
like  the  bricks  of  similar  composition  already  described. 

The  ladle  for  the  molten  iron  is  run  in  upon  a  depressed  track 
between  two  furnaces. 

Such  use  of  the  liquid  pig  presupposes,  it  is  true,  a  definite  uni- 
formity of  operation  in  the  blast-furnace.  Where  this  cannot  be 
maintained,  the  only  resort  (provided  several  blast-furnaces  are  run- 
ning at  once  on  a  given  class  of  pig)  is  to  collect  the  liquid  iron  in  a 
large  reservoir  or  tank,  in  which  the  different  grades  can  be  mixed. 
These  tanks  are  built  solid — not  tilting  (as  contemplated  in  Jones's 
German  patent,  No.  50,250)— and  usually  hold  at  least  80  metric 
tons  of  pig-iron. 

The  utilization  of  blast-furnace  slags  has  long  been  a  problem  of 
great  practical  difficulty,  but  the  increased  production  of  slags  rich 
in  lime  has  led  at  last  to  a  commercial  application  far  more  ex- 
tensive than  all  others,  namely,  the  manufacture  of  cement — the 
so-called  Schlackenpuzzolani cement.  As  a  general  rule,  the  slags 
designed  for  this  use  must  be  cooled  by  running  them  into  water. 
The  slag  thus  granulated  can  be  easily  ground  with  slacked  lime, 
and  yields  a  cement  of  strength  sufficient  for  most  purposes  and 
generally  possessed  also  of  hydraulic  properties. 

For  some  time  it  was  attempted  (and  with  reported  success)  to 
add  to  Portland  cement,  without  injuring  its  quality,  a  considerable 
proportion  of  ground  blast-furnace  cinder.  To  this  the  manufac- 
turers of  Portland  cement  very  properly  objected.  Xow  the  cement 
made  Ironi  slag  is  frankly  called  by  its  own  name,  and  is  not  less 
esteemed  in  the  building  trade  on  that  account. 

Nothing  new  has  been  added  during  the  period  under  considera- 
tion to  the  German  practice  of  other  methods  of  utilizing  blast-fur- 
nace cinder,  such  as  the  ballasting  of  railways,  road-making,  paving, 
the  manufacture  of  mineral  wool,  etc. 

I  give  below  in  detail  an  example  of  practice  in  the  manufacture 
of  Thomas  pig  and  one  in  the  manufacture  of  ferromanganese. 

3Iawi/aciure  of  Basic  Fig  at  Horde. — As  a  type  of  the  manu- 
facture of  pig-iron  for  the  basic  Bessemer  process,  we  may  take  the 
works  at  Horde,  where,  as  already  observed,  the  liquid  pig  is  di- 
rectly converted  into  ingot-iron.  The  Horde  furnaces  (shown  in 
Figs.  21   and   22)  are  especially  arranged    for   the    production  of 
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Thomas  pig;  and  the  furnace-lines  and  other  features  of  the  four 
stacks  devoted  to  this  manufacture  have  been  determined  with  refer- 
ence to  it..  Each  furnace  produces  in  2-1  hours  from  100  to  130 
metric  tons  of  pig-iron,  using  in  coke  from  85  to  90  per  cent,  of  its 
weight  of  product.  A  fundamental  requirement  of  the  first  import- 
ance is  uniformity  of  quality  in  the  pig.  The  object  is  to  obtain  a 
pig-iron  containing  up  to  3  per  cent,  of  phosphorus,  2  of  manga- 
nese, not  over  0.15  of  sulphur  and  not  over  0.5  of  silicon.     The 
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General  Plan  of  Coking-  and  Condensing-Works  at  the  Pluto  Mine,  Westphalia. 
(Details  in  Figs.  10  to  14.) 


blast-furnace  practice  completely  fulfils  this  requirement,  although, 
as  already  observed,  it  has  to  contend  with  great  obstacles  in  the 
number  and  variety  of  the  ores  used,  necessitating  very  difficult 
mixing.  Derangements  of  the  furnace-working  by  the  leakage  of 
water  into  the  hearth  have  not  occurred  for  years,  that  is  to  say,  not 
since  the  open  tuyeres  were  adopted.  Highly  important,  moreover,- 
is  the  avoidance  of  an  evil  often  very  serious  in  the  manufacture  of 
Thomas  pig,  namely,  the  so-called  lime-trouble  or  e.\ces.sive  basicity 
of  the  cinder.  As  soon  as  the  influence  of  an  excess  of  lime  begins 
to  appear  in  the  slightest  degree,  it  is  counteracted  by  the  timely 
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addition  of  liighly  fusible  silicates.  The  presence  of  manganese  is 
notoriously  advantageous  to  the  running  of  the  furnace,  but  super- 
fluous during  the  heat  in  the  converter.  The  high  proportion  of 
manganese  in  the  furnace-charge  is  carried,  therefore,  partly  to  facili- 
tate the  furnace- work,  but  chiefly  to  counteract  the  sulphur.  Expe- 
rience has  shown  that  2  per  cent,  of  manganese  is  generally  an  ade- 
quate protection  against  an  excess  of  sulphur  in  the  pig.  In  using 
the  liquid  pig  direct  from  the  converter,  the  presence  of  superfluous 
manganese  is  specially  felt,  because  in  that  case  (unlike  the  case  of 
pre-melting  in  the  cupola)  all  the  manganese  has  to  be  oxidized  in 
the  blow.  For  this  reason  the  practice  of  treating  high-sulphur 
Thomas  pig  by  mixing  with  high-manganese  pig  has  been  intro- 
duced, in  order  to  remove  sulphur  from  the  one  and  manganese  from 
the  other.  Manganese,  as  is  well-known,  acts  upon  the  sulphide  of 
iron,  liberating  metallic  iron  and  forming  sulphide  of  manganese, 
which  separates  as  a  slag.  Thus  the  excess  of  manganese  is  removed 
by  means  of  the  sulphur  which  would  otherwise  render  the  pig  un- 
suitable for  the  converter.  In  order  to  facilitate  the  reaction  of 
manganese  and  sulphur,  an  arrang^nent  is  employed  permitting 
considerable  quantities  of  the  two  classes  of  pig  to  be  treated 
together  for  a  sufficient  period.  It  is  found  that  two  parts  of  pig 
containing  0.5  per  cent,  of  sulphur  and  one  part  of  manganiferous 
pig  containing  only  0.02  per  cent,  of  sulphur,  produce  a  pig  with 
only  0.1  per  cent,  of  sulphur,  and  still  containing  1.5  per  cent,  of 
manganese.  The  separated  manganese  sulphides,  which  carry  also 
silicates  from  the  oxidization  of  silicon  in  the  bath  and  from  the 
lining  of  the  vessel,  are  utilized  as  manganiferous  additions  to  the 
blast-furnace  charge.  They  contain  up  to  40  per  cent,  of  mangan- 
ese and  10  to  15  per  cent,  of  sulphur ;  but  the  sulphur  which  enters 
the  blast-furnace  as  manganese  sulphide  has  proved  to  be  entirely 
harmless. 

The  flue-dust  of  the  l)last-furnace  gas-firing  at  Horde  contains  a 
surprising  amount  of  sulphate  of  potash,  which  is  saved  by  leaching 
and  evaporation,  yielding  a  sulphate  containing  about  40  per  cent, 
of  potassa. 

Manufacture  of  Ferromanganese  at  Oberhausen. — As  already  ob- 
served, ferromanganese  is  made  in  the  blast-furnace  at  Oberhausen. 
The  ores  come  chiefly  from  the  Caucasus,  Greece  and  Chili.  They 
are  pyrolusites,  carrying  50  to  55  per  cent,  of  manganese.  The 
variable  ores  of  Weilburg,  on  the  Lahn,  are  used  also  to  some  ex- 
tent.    As  admixture,  brown    hematites  with  20  to  30  per  cent,  of 
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iron  and  14  to  21  per  cent,  of  manganese  are  utilized ;  they  come 
from  the  Lahn  and  Cartagena, 


The  ferromanganese  produced  contains  from  30  to  87  per  cent., 
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averaging  66  per  i»nt.  of  manganese.  When  it  carries  over  82  per 
cent,  it  disintegrAt)d^  Very  soon  into  small  pieces  and  powder,  and 
can,  therefore,  bel  shipped  in  tight  boxes  only.  Of  the  manganese 
in  the  charge,  6®kto  70  per  cent,  goes  into  the  iron.  The  slag  con- 
tains, in  percentiges:  silica,  25;  alumina,  15;  lime  (with  calcium  and 
barium  sulphides),  45;  and  protoxide  of  manganese,  15. 

The  consumption  of  coke  ranges  from  190  to  210  kilos,  per  100 
kilos,  of  ferromanganese — according  to  the  percentage  of  manganese 
in  the  latter — the  high-manganese  ferro  requiring  most  fuel.  The 
average  product  is  40  metric  tons  per  24  hours. 

A  very  interesting  feature  is  the  immense  quantity  of  graphite 
which,  during  the  cast,  separates  from  the  metal  and  fills  the  air — 
evidently  because  the  molten  metal  possesses  at  the  high  tempera- 
ture of  the  furnace-hearth,  the  capacity  to  alloy  itself  with  more 
carbon  than  it  can  retain  as  the  heat  is  lost. 

III. — Malleable  Iron. 
A.  Wrought-Iron. 
Puddling,  which,  after  the  invention  of  the  Bessemer  process,  and 
still  more  after  the  introduction  of  the  Thomas  process,  was  sup- 
posed to  be  rapidly  approaching  its  extinction,  has  been  in  Germany 
not  only  maintained,  but,  in  some  respects,  extended  and  improved. 
True,  puddled-iron  relatively  retreats,  year  by  year,  before  the  ad- 
vance of  ingot-iron,  but  the  change  is  a  slow  one.  The  annual 
product  of  wrought-iron  has  increased  since  1876  from  948  to  1655 
kilotons,  and  the  increase  has  continued  in  the  last  year,  as  the  state- 
ment given  below  will  show;  while  the  product  of  ingot-iron,  which 
has,  indeed,  had  a  more  rapid  development,  has  advanced  from  249 
kilotons  in  1876  to  2046  in  1889,  having  passed  its  elder  rival  in 
1887: 


1886. 

1887. 

1888. 

1889. 

Wrought-iron  (kilotons), 

.     1416 

1625 

1547 

1655 

Ingot-iron,               " 

.     1376 

1738 

1785 

2046 

The  reasons  for  this  striking  persistency  in  puddling  lie  partly 
in  the  obstinate  prejudices  of  consumers,  but  partly  also  in  certain 
real  advantages  possessed  by  wrought-iron — namely,  its  relatively 
great  ductility,  the  facility  with  which  it  may  be  welded,  and  the 
circumstance  that,  under  excessive  strain,  it  breaks  gradually  rather 
than  suddenly,  while  its  strength,  though  inferior  to  that  of  ingot- 
iron,  is  generally  uniform  throughout  to  a  trustworthy  degree. 
AVhile  the  use  of  ingot-iron  for  large  constructions,  such  as  rail- 
ways, buildings,  boilers  and  bridges,  is  constantly  increasing,  the 
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small  operator — blacksmith  or  machinist — does  not  seem  to  be  able, 
as  yet,  to  get  along  without  his  wrought-iron. 


Vertical  Section  of  Closed  Top  and  Charger  of  No.  1  Blast-Furnace  at  Friedenshiitte. 


Ingot-iron,  however,   is   already  used,  not  only  for  all  rolled 
shapes,  such  as  angles,  tees  and  beams,  but  for  all  varieties  of  mer- 
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chant-bar,  which  is  furnished,  when  desired,  in  quality  suitable  for 
welding.  The  ingot-iron  of  Peine  is  so  pure  that  it  can  be  used  instead 
of  Swedish  iron  in  making  horse-shoe  nails. 

On  the  other  hand,  less  valuable  ingot-iron  is  rolled  into  cheap 
beams,  which  still  are  stronger  than  those  of  puddled-iron,  and  have 
completely  beaten  the  latter  in  the  market.  Such  beams  are  rolled 
at  Oberhausen  and  Neunkirchen  in  sizes  up  to  400  mm.  (15f  in.)  in 
height. 

Weld-iron  (wrought-iron)  is  produced  in  Germany  by  puddling 
exclusively,  and  almost  invariably  by  that  variety  of  the  puddling 
process  (Luftfrischen)  which  depends  upon  the  air  for  oxidation. 
The  other  variety  {Erzfrlschen),  in  which  oxidation  is  effected  by 
means  of  a  fettling  of  ore,  and  which  is  so  common  in  America,  finds 
among  us  a  very  subordinate  application  only. 

The  essential  improvements  in  puddling  have  not  been  in  mechani- 
cal rabbling  (though  this  has  been  done  in  the  district  of  Saarbriicken 
and  iu  Lorraine,  without,  however,  changing  the  old  construction), 
nor  in  the  use  of  the  rotary  mechanical  puddler  (which,  apart  from  a 
few  small  experiments,  has  never  obtained  a  footing  iu  Germany), 
but  rather  in  the  more  complete  utilization  of  fuel,  by  means  of  gas- 
firing  and  double  furnaces.  Two  furnace-designs  deserve  special 
mention  in  this  connection:  that  of  Springer,  with  fixed  hearth  and 
reversible  flame ;  and  that  of  Pietzka,  with  constant  direction  of  flame 
and  reversible  hearth.  Springer's  furnace  has  two  hearths,  placed 
end  to  end,  one  of  which  is  charged  with  pig,  as  the  iron  begins  to 
come  to  nature  in  the  other.  The  flame,  brought  to  a  very  high 
temperature  in  the  regenerators,  passes  from  the  puddling-hearth  to 
the  melting-hearth.  The  regenerators  are  in  front  of  or  under  the 
furnace,  as  usual,  and  vertical  or  horizontal.  This  furnace  may  be 
used  with  direct  firing  or  with  gas-firing,  and  is  shown  in  Figs.  36-40 
(Plate  III.),  as  constructed  for  gas-firing.  It  has  done  excellent  work, 
even  with  lignite  as  a  fuel.  It  has  but  a  single  disadvantage,  namely, 
the  dependence  of  the  two  hearths  on  one  another;  and  this  led  to  the 
invention  of  the  Pietzka  furnace.  While  in  operating  the  Springer 
furnace  the  flame  is  reversed  only  when  the  puddling  in  one  hearth 
.and  the  melting  in  the  other  are  finished  (or  in  other  words,  must  go 
in  one  direction  as  long  as  the  puddling  process  lasts,  even  though, 
by  reason  of  any  delay  or  prolongation  of  the  process,  the  regenera- 
tors may  be  more  or  less  cooled),  this  objection  is  obviated  in  the 
Pietzka  furnace,  the  latest  ibrm  of  which,  as  seen  at  Zawadsky,  in 
Upper  Silesia,  is  shown  in  Figs.  41-41.      Hero  the  flame  maintains 
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one  direction,  yet  the  hottest  flame  always  strikes  the  hearth  in  which 
puddling  is  going  on.  The  peculiarity  of  the  construction  is  that 
both  hearths  are  carried  on  a  hydraulic  piston  which  stands  under- 


Plan  of  Closed  Top  and  Cliarger  of  No.  1  Blast-Fiirnace  at  Friedensbiitte. 

neath,  between  them.  The  connections  between  the  side-walls  and 
the  fixed  fire-chamber  or  flue  are  made  with  inclined  conical  surfaces. 
The  hydraulic  piston  lifts  the  hearths  a  little  before  turning  them; 
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and  hence  they  turn  freely  and  without  friction,  until  the  reversed 
position  has  been  reached,  wiien  they  are  lowered  into  place,  and  the 
connection  is  again  complete.  The  results  of  practice  with  the 
Springer  and  Pietzka  furnaces  may  be  judged  from  the  following  ex- 
amples : 

A  Springer  furnace  at  Konigin-Marienhiitte,  Saxony,  turned  out 
in  1889  an  average  product  of  8,815  kilos  per  12-hour  shift,  and  in 
some  weeks  10,000  kilos,  with  a  coal-consumption  of  40  to  50  kilos. 
In  Styria  the  consumption  of  lignite  is  60  to  65  kilos  (per  100  kilos 
muck-bar). 

A  Pietzka  furnace  at  Zawadsky,  Upper  Silesia,  holding  a  charge 
of  500  kilos,  produced,  by  direct  firing,  6280  kilos;  by  gas-firing, 
6674  kilos  of  muck-bar,  as  the  average  per  shift — in  single  weeks, 
however,  an  average  of  10,000  kilos  of  muck-bar,  with  a  coal-con- 
sumption per  100  of  66  kilos,  with  direct  firing,  and  42  kilos  with 
gas-firing.  The  escaping  gases  were  here  utilized  further  in  the 
production  of  steam.  The  latter  record  is  especially  favorable,  since, 
deducting  the  amount  of  coal  practically  burned  for  the  steam-power 
required  in  the  operation  of  the  furnaces,  itshowsonly  28  to  29  kilos 
of  coal  used  in  puddling  proper,  while  if  all  the  gas  were  used  to 
heat  the  regenerators,  this  figure  would  be  further  reduced  to  20  to 

25  kilos. 

B.  Ingot-Iron. 

1 .  Converter-Metal. — The  production  of  ingot-iron  in  the  converter 
has  experienced  in  Germany  twice  since  1876  a  revolutionary  change. 
In  that  year  it  was  the  admirable  example  of  American  works,  far  sur- 
passing ours  in  their  results,  which  led  to  a  transformation  of  German 
establishments.  It  would  be  superfluous  here  to  enumerate  all  the 
arrangements  which  we  adopted  from  the  United  States:  the  con- 
tinuous pre-melting  in  the  cupola,  the  continuous  operation  of  the 
converter,  and,  above  all,  the  HoUey  moval)le  converter-bottom,  may 
be  mentioned  as  the  three  most  important.  With  regard  to  the 
movable  bottom.  Hoi  ley's  original  construction  was  abandoned,  little 
by  little,  in  favor  of  the  draw-bottom,  of  which  Fig.  45  shows  the 
usual  form,  and  which  has  the  great  advantage,  that  without  breaking 
the  blast-connections,  the  wind-box  only  being  removed,  the  bottom 
can  be  drawn  out  and  replaced  with  a  fre^h  one.  With  regard  to  the 
air-passages,  some  have  used  bottoms  with  grouped  tuyere  holes,  and 
others  the  tuyere-bottom  (Dilsenhoden)  of  Lilienstern,  but  neither  has 
shown,  in  the  acid  Bessemer  process,  any  marked  superiority  to  the 
other. 
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Much  more  extensive  was  the  second  transformation  of  practice, 
after  the  discovery  by  Thomas  of  the  dephosphorizing  process.  The 
most  important  discovery  of  this  eminent  man  (whose  too  early  de- 
parture the  German  technical  world  mourned  with  his  fellow-mem- 


Fig.   20 


Plan  of  Frame  for  Top-Platform  of  No.  1  Blast-Furnace  at  Friedenshiitte, 


bars  in  this  Institute)  owes  its  practical  development  to  the  persever- 
ance of  the  two  German  licensees  under  the  patent,  namely,  Horde 
and  the  Rhenish  Steel-works. 

The  great  importance  to  Germany  of  the  basic  process  is  indicated 
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by  the  product,  which  between  1883,  the  first  year  of  its  complete 
success,  aud  1889,  has  iucreased  more  than  fourfold,  and  now  con- 
stitutes more  than  half  the  world's  aggregate  product  of  basic  metal. 
The  chief  reason  is  that  most  of  the  German  ores,  as  has  been 
observed  already,  are  high  in  phosphorus,  and  hence  entirely  un- 
suited  for  the  acid  Bessemer  process. 

The  original  attempts  of  Thomas  to  make  a  basic  lining  from 
dolomite,  with  the  addition  of  water-glass,  small  amounts  of  clay 
and  other  siliceous  substances,  speedily  came  to  an  end,  as  did  the 
numerous  experiments  of  others  who  stood  upon  his  shoulders,  and 
who  tried  to  substitute  various  materials,  such  as  bauxite,  for  dolo- 
mite or  magnesite,  or  to  replace  the  binding-material  with  some- 
thing else,  such  as  gypsum,  starch,  etc.  All  came  back  at  last  to 
the  simple  basic  lining  of  burnt  dolomite,  mixed  with  anhydrous 
tar.  The  German  converters,  as  a  rule,  are  lined  with  this  mixture 
by  stamping,  except  at  the  throat,  where  bricks  of  it  are  used.  All 
repairs  of  lining  are  likewise  made  with  tar-dolomite.  In  single 
instances,  machine-pressed  bricks  have  stood  well. 

The  bottom  of  the  basic  converter  is  almost  universally  the  tuyere- 
bottom,  stamped  of  tar  and  dolomite  and  arranged  as  a  draw- bottom. 
The  use  of  acid  tuyeres  (tuyere-groups)  in  a  basic  lining  has  prac- 
tically disappeared.  Nor  is  the  preparation  of  these  bottoms  diffi- 
cult. It  requires  only  special  care,  upon  which,  rather  than  upon 
small  variations  in  composition,  the  durability  depends.  Suffice  it 
to  say  that  at  present  a  bottom  generally  lasts  through  25  heats, 
though  instances  are  by  no  means  rare  in  which  30  to  50  heats  have 
been  blown  without  removing  the  bottom.  The  lining  itself  lasts 
for  150  to  160  heats. 

It  should  be  added  that  the  attempt  to  make  by  machinery  the 
converter-bottoms,  which  had  always  been  very  carefully  stamped 
by  hand,  has  not  met  with  approval.  At  least  the  arrangement 
devised  for  this  purpose  at  Bochum  has  not  been  extensively  adopted. 

The  converter  is  usually  lined  in  loco,  without  displacing  it.  An 
exception  is  presented  at  Neunkirchen,  where  it  has  been  found 
better,  after  loosening  half  of  the  journal-ring,  to  remove  the  con- 
verter by  means  of  a  car,  and  reline  it  in  a  separate  building. 

The  liquid  pig  from  the  blast-furnace  is  charged  into  the  con- 
verter wherever  this  course  is  at  all  practicable.  Of  course,  not  all 
localities  will  permit  it.  Sometimes,  as,  for  instance,  at  Peine, 
special  reasons  (in  that  case  the  location  of  a  trunk  railway)  seem  to 
render  it  desirable  to  separate  the  converting-dei)artraent  from  the 
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blast-furnace.  On  the  other  hand,  it  has  been  found  (as  already- 
related  of  Horde,  where  the  blast-fnrnaees  and  the  converters  are  2 
kilometers  apart)  that  the  transfer  of  the  liquid  pig  over  considerable 
distances  exerts  no  unfavorable  influence. 

It  has  also  been  found  that  the  most  suitable  pig  is  one  which 
contains  2,  2.5  and   up  to  3  per  cent,  of  phosphorus.     This  has 


Blast-Fumace  at  Horde,  Westphalia. 


necessitated  in  Upper  Silesia,  for  instance,  where  the  ores  carry  too 
little  phosphorus,  the  introduction  of  phosphorus  into  the  blast- 
furnace in  the  form  of  Thomas  slag.  In  other  places,  as  at  Ilsede, 
the  phosphorites  formerly  separated  from  the  ores  are  added,  to 
bring  up  the  percentage  of  phosphorus. 

The  pre-melting  of  the  pig,  when  it  is  not  taken  direct  from  the 
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blast-furnace,  is  never  done  in  reverberatories,  but  always  in  cupolas. 
Even  in  these,  however,  a  heavy  loss  of  manganese  is  unavoidable. 

The  period  of  the  blow  for  all  kinds  of  pig  used  in  the  basic  pro- 
cess is  proportionally  much  shorter  than  in  the  acid  process,  and 
never  exceeds  fourteen  or  fifteen  minutes.  It  is,  therefore,  easy  to 
make  forty -five  or  more  blows  in  twelve  hours.  This  is,  however, 
not  done,  because  there  is  no  necessity  for  such  fast  running  at  any 
of  the  works,  save  perhaps  for  a  short  period,  when  it  is  desired  to 
make  good  the  loss  of  product  through  a  previous  interruption  of 
work. 

The  quantity  of  blast  used  in  the  after-blow,  i.e.,  in  dephosphoriza- 
tion,  is  universally  regulated  by  engine-measurement,  i.e.,  by  revolu- 
tions. It  is  found  that  in  the  basic  process  the  blast-pressure  which 
was  usual  in  the  acid  process  is  too  low,  and  that  it  is  better  at  the 
outset  to  arrange  the  blowing-engines  for  a  pressure  rising,  if  neces- 
sary, to  40  or,  still  better,  up  to  45  pounds  gauge-pressure. 

The  belly  of  the  basic  converter  holds  generally  from  7  to  10 
metric  tons  of  pig. 

The  basic  slag  (except  where  it  is  required,  as  already  described, 
as  a  phosphoric  addition  to  the  blast-furnace  charge)  is  sold  for  ag- 
ricultural use.  The  farmers  demand  more  of  it  than  can  be  produced, 
since  it  has  been  found,  if  only  ground  to  sufficient  fineness,  to  yield 
without  chemical  treatment  an  excellent  fertilizer  for  all  kinds  of 
soil,  though  best  adapted  to  sandy,  siliceous  and  peaty  soils.  In 
most  of  the  works,  the  slag  is  simply  poured  off  from  the  bath  and 
collected  before  the  addition  of  ferromauganese  or  spiegeleisen  for 
deoxidation  or  recarbonization.  In  some  works,  on  the  other  hand, 
as  for  instance  at  Horde,  the  slag  is  divided  according  to  Scheib- 
ler's  method ;  the  slag,  rich  in  phosphorus  and  very  poor  in  iron, 
being  first  decanted,  and  the  blow  being  then  resumed  with  the  pro- 
duction of  a  slag  poorer  in  phosphorus  and  richer  in  iron.  The  latter 
goes  back  to  the  blast-furnace,  while  only  the  former  is  sold  as  a 
fertilizer. 

For  a  long  time,  many  difficulties  were  encountered  in  the  grind- 
ing of  this  slag  to  the  extreme  fineness  required.  The  process  created 
an  enormous  amount  of  dust ;  moreover,  there  was  a  constant  segre- 
gation of  the  particles  of  iron  mechanically  contained  in  the  slag. 
The  slag-mills  proved  highly  injurious  to  the  health  of  the  work- 
men, for  whose  protection  against  the  dust  very  complicated  ar- 
rangements consequently  had  to  be  introduced.  Since  it  was  proved, 
however,  that  properly  constructed  ball-pulverizers  would  remedy 
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completely  the  evil  of  the  formation  of  dust,  there  has  been  no  fur- 
ther difficulty  from  this  source,  and  nothing  now  hinders  the  general 
use  of  this  valuable  product. 

After  deoxidation  and  recarburization  in  the  converter,  the  iron 
is  tapped  into  a  ladle,  which  in  basic  works  is  attached,  as  a  rule, 
to  a  crane  carried  upon  a  locomotive.     The  fluid  metal  is  conveyed  to 


Fore-Hearth,  Cinder-  and  Iron-Notches  of  a 
Blast-Furnace  at  Horde. 


another  room,  where  it  is  poured  into  ingot-moulds.  In  some  cases, 
these  arrangements  are  impracticable,  perhaps  because  old  acid  plants 
have  been  adapted  for  the  basic  process ;  perhaps  for  lack  of  the  neces- 
sary space  in  the  locality  itself.  The  latter  is  the  case  with  the  hand- 
some works  at  Phoenixhiitte,  near  Ruhrort.  Here  it  is  necessary  to 
pass  the  ladle  from  one  crane  to  another,  as  is  shown  in  Figs.  46  and  47 
(Plates  IV.  and  V.).     The  same  crane  here  serves  to  bring  the  ladle 
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containing  liquid  i)ig  from  the  blast-furnace  and  to  receive  the  ladle 
containing  ingot-iron  from  the  converter.  The  latter  ladle  is  de- 
livered to  a  second  crane,  which  stands  in  the  center  of  the  casting- 
pit.  Fig.  48  shows  the  arrangement  here  employed  to  prevent  dis- 
aster occurring  through  a  sudden  failure  of  hydraulic  pressure  in 
the  cylinder.  It  will  be  seen,  that  if  the  crane,  a,  should  suddenly 
sink,  while  in  the  position  indicated  by  the  dotted  lines,  the  ladle 
could  not  strike  the  mould,  c,  because  of  the  leg,  d,  attached  to  the 
lower  side  of  the  crane-arm,  which  would  be  stopped  in  its  descent 
immediately  by  the  masonry  ring,  ^  To  lower  the  converter  further, 
the  foot,  d,  must  be  brought  round  to  the  recess,  i.  This  is  the  posi- 
tion shown  by  full  lines  in  the  figure. 

It  may  be  remarked  here,  that  there  are  many  other  devices  for 
the  protection  of  the  workmen  in  this  department,  particularly  at 
Neunkirchen,  where  there  is  a  gutter  beneath  the  floor,  which  serves 
in  case  of  a  breakdown  to  direct  the  flow  of  molten  metal  to  a  pot; 
here,  also,  use  is  made  of  a  blocking-tooth,  which  can  be  shoved 
into  the  rotating-gear  on  the  axis  of  the  converter  so  as  to  stop  its 
turning,  if,  by  any  chance,  the  ram  and  rack  of  the  hydraulic  tilt- 
ing device  should  fail  to  act.  The  vessel  is  generally  so  designed, 
however,  that  in  every  position  its  center  of  gravity  lies  below  its 
axis  of  suspension ;  in  case  of  mishap  it  will,  therefore,  naturally 
return  to  its  upright  position. 

Fruitless  efforts  have  been  made  to  overcome  the  imperfect  desul- 
phurizatiou  in  the  basic,  as  contrasted  with  the  acid  converter. 
Rollet's  proposals  have  been  carefully  tested  without  being  found 
practicable — at  least  from  an  economic  standpoint.  Endeavors 
have,  therefore,  been  directed  to  the  elimination  of  the  sulphur  in 
the  blast-furnace.  The  method  which  has  been  operated  success- 
fully at  Horde  reduces  the  proportion  of  sulphur  by  utilizing  the 
manganese,  which  eases  the  running  of  the  blast-furnace  while  it  is 
unnecessary  for  the  basic  process.  This  practice  has  already  been 
described.  In  order  to  illustrate  converter-practice  under  given 
special  conditions,  the  following  details  of  work  are  set  forth. 

Horde. — Basic-converter  practice  at  Horde  is  carried  on  in  the  follow- 
ing manner:  The  pig-metal,  weighed  off  in  10-ton  charges,  is  brought 
to  the  converter  in  a  tipping-ladle,  of  the  form  shown  in  Figs.  33  to  35 
(Plate  II.).  Three  converters  are  used  in  alternation.  Tiie  lining 
consists  of  burnt  dolomite  brick  for  the  throat,  and  rammed  dolomite 
for  the  rest  of  the  vessel.  Formerly,  the  whole  vessel  was  walled 
up  with  burnt  tar-dolomite  brick  ;  but  the  ramming  of  the  sides  has 
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proved  preferable,  and  better  also  than  laying  up  with  unbunit  tar- 
dolomite  brick.  The  bottoms  have  seventy-two  cylindrical  holes, 
17  to  18  mm.  in  diameter.  With  a  blast-pressure  of  30  pounds,  the 
duration  of  a  blow  is  nine  minutes  before  decarbonization,  and  five 
minutes  after  it.     The  phenomena,  during  the  blow,  do  not  differ 


Parry  Cone  and  Gas  Pipe  of  Metz  &,  Co.'s  Blast-Furnace  No.  3,  at  Esch 


essentially  from  those  exhibited  in  blowing  cupola-metal ;  at  most 
the  flame  may  be  slightly  delayed.  Generally  speaking,  direct- 
metal  works  hotter  than  cupola-metal. 

The  necessary  lime-addition  amounts  to  14  per  cent,  of  the  pig- 
metal   charged.     At  Horde,  two-thirds   of  it  are  introduced  at  the 
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start;  three  minutes  after  depliosphorization  has  set  in,  the  metal- 
bath  contains  only  0.3  per  cent,  of  phosphorus,  while  the  slag,  which 
is  quite  fluid,  runs  as  high  as  20  to  30  per  cent,  phosphorus  and 
carries  but  little  iron.  This  slag  is  separately  poured  off  by  Scheib- 
ler's  method,  and  the  balance  of  the  lime  is  then  charged.  The  iron 
that  is  unavoidably  oxidized  in  the  elimination  of  the  residual  phos- 
phorus, is  taken  up  by  the  new  slag  which,  therefore,  becomes  excel- 
lent material  for  the  blast-furnace,  while  the  first  slag  is  applied  in 
agriculture.  The  operation  of  the  Thomas  process  is  shown  in  the 
accompanying  tabulation  of  analytical  results  obtained  from  a  series 
of  gas-,  metal-  and  slag-tests,  which  were  taken  at  equal  intervals 
throughout  a  complete  blow. 

Thomas  Heat     No.  882. 


Si. 
Per  cent. 


Pig  metal I  0.58 

Sample  t* ;  0.28 

2 0.07 

3 ;  0.07 

4 ,  0.06 

5 i  0.02 

Steel 0.02 


P. 

Per  cent. 


2.75 
2.57 

2.08 
2.25 
1.55 
0.061 
0.084 


Mn. 
Per  cent. 


1.57 
2.. 50 
0.30 
0.34 
0.26 
0.21 
0.55 


C. 
Per  cent. 


3.60 

2.81 

2.02 

1.33 

0.71 

0.105 

0.136 


Per  cent. 


0.079 
0.079 
0.073 
0.074 
0.O70 
0.054 
0.046 


Slag  sample  1* 

3'! 
4.. 
5.. 
6.. 


Si02. 

FeO. 

MnO. 

CaO. 

MgO. 

P2O5. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

Percent. 

Per  cent. 

9.20 

0.55 

8.87 

76.10 

4.86 

2.94 

9.50 

0.73 

9.70 

71.40 

5.33 

6.90 

9.30 

2.30 

8.42 

66.17 

6.47 

7.32 

10.28 

7.13 

9.45 

50.71 

6.90 

15.87 

6.99 

11 .98 

5.40 

46.84 

4.09 

24.73 

4.79 

26.03 

4.62 

42.05 

6.83 

16.33 

CaS. 
Per  cent. 


0.63 
0.84 
0.31 
0.27 
0..52 
0.65 


Gas  sample  1 
..         .1       .> 

3 
4 

5 


COo. 
Per  cent. 


3.5 
3.0 
3.0 

1.8 
1.2 


O. 

Per  cent. 


8.1 
3.0 
0.3 

0.2 
0.8 


CO. 
Per  cent. 


2.0 
10.6 
28.3 
2i).8 

1.6 


CH4. 
Per  cent. 


0.9 
1.0 
1.6 
1.8 
0.9 


N. 

Per  cent. 


S5.0 
81.4 
66.6 
6.'>.0 
95.6 


Important  reactions  occurring  between  sample-periods  (4)  and  (5) 
are  not  siiown  in  this  table;  but  many  special  investigations  have 
proved   that,  during  depliosphorization,  manganese  returns  to  the 


*  Samples  of  metal  and  slag  were  taken  ajter  the  corresponding  gas  samples. 
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metal-bath,  where  it  effects  an  elimination  of  sulphur.  In  proof  of 
such  behavior,  the  following  analyses  of  samples  from  the  bath, 
taken  March  16th,  1887,  may  serve: 


Heat  No.  184.— Upon  disappearance  of  spectrum  line.. 

At  second  lime-addition 

Upon  addition  of  FeMn.    Steel-test 

Heat  No.  185.— Upon  disappearance  of  spectrum  line 

At  second  lime-addition 

Steel- test 

Heat  No.  186.— Upon  disappearance  of  spectrum  line 

At  second  lime-addition 

Steel-test 


Mn. 
Per  cent. 


0.19 
0.62 


Undeter- 
mined. 


P. 

Per  cent. 


2.070 
0.463 
0.110 


S. 
Per  cent. 


0.133 
0.007 
0.052 


0.24 
0.81 


Undeter- 
mined. 


0.24 
0.79 


Undeter- 
mined. 


2.180 
0.718 
0.075 


2.390 
0.483 
0.082 


0.072 
0.042 
0.026 


0.081 
0.047 
0.056 


This  reaction  cannot  create  surprise,  since  it  is  well  known  that 
the  manganese  of  the  ferro manganese,  added  for  deoxidizing  and  re- 
carbonizing,  likewise  induces  a  removal  of  sulphur.  That  sulphur 
actually  volatilizes  from  the  vessel,  is  indicated  by  the  fact  that  the 
slag  from  highly  sulphurous  charges  contains  no  proportional  in- 
crease of  calcium  sulphide,  so  that  the  elimination  of  sulphur  from 
the  metal  exceeds  what  is  thus  accounted  for  in  the  slag.  More 
striking  than  the  volatilization  of  sulphur  is  that  of  phosphorus. 
It  depends  on  temperature,  and  at  times,  with  hot  heats,  reaches  30 
to  40  per  cent,  of  the  total  phosphorus ;  but  with  cold  heats  this 
elimination  ceases  almost  entirely.  Tests  have  determined  that, 
with  like  percentages  of  phosphorus  and  like  quantities  of  lime, 
the  resulting  slag  has  shown  at  one  time  twenty  parts  of  phosphoric 
acid  to  fifty  of  lime,  and  at  another  time  thirty  of  phosphoric  acid 
to  fifty  of  lime,  according  as  the  heat  ran  hot  or  cold. 

All  attempts  at  a  regular  production  of  high-carbon  basic  ingot- 
iron  have  failed  here  as  elsewhere.  Probably,  the  method  of  car- 
bonizing the  metal  by  means  of  carbon,  as  introduced  at  the  Phoenix 
works,  and  previously  alluded  to,  may  be  a  step  in  the  right  direc- 
tion. The  ingot-iron  of  Horde  generally  carries  0.5  per  cent,  man- 
ganese and  is  put  on  the  market  with  a  wide  range  of  carbon,  and 
also  with  welding-properties,  if  demanded.  For  the  material  used 
in   the  current  manufacture  of  rails,   ties,  etc.,  a  large  number  of 
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analyses  has  shown  [that,  with    0.5  per  cent,  manganese,  0.07  per 
cent,  sulphur  is  harmless,  while  0.07  to  0.10  per  cent,  sulphur  will 


Liirmann's  Construction  of  Blast-Furnace  Bosh  and  Hearth, 
betray  its  presence  in  the  number  of  rejections  in  the  rolling-mill, 


PROGRESS  OF   GERMAN  PRACTICE   IN   METALLURGY. 


369 


and  anything  over  0.10  per  cent,  renders  the  product  useless.  These 
limits  have  been  sharply  defined  in  the  course  of  years  by  subject- 
ing to  accurate  chemical  analysis  every  defective  or  worthless  pro- 
duct of  the  mill. 

Phoenix. — The  basic  Bessemer  works  at  Phoenix,  near  Ruhrort, 
were  built  in  1884,  and  put  in  operation  toward  the  end  of  the  same 
year.  The  necessity  for  filling  in  the  ground  of  the  whole  plant  to 
a  depth  of  8  meters  increased  considerably  the  difficulty  of  providing 


proper  foundations,  and  led  to  the  design  of  the  lightest  possible  iron 
construction  for  all  the  buildings.  Between  the  iron  beams  the  walls 
are  panelled  with  half-brick.  Space  is  limited,  and  hence  the  general 
arrangement  which  is  shown  in  Fig.  49  (Plate  VI.).  Direct  metal  from 
two  blast-furnaces,  producing  6000  metric  tons  a  month,  can  be  run 
to  the  converter-house  by  a  locomotive.  The  same  track  also  serves 
to  bring  in  the  remainder  of  the  pig,  which  is  melted  in  three  cupola- 
furnaces.  At  Phoenix,  the  Thomas  pig  carries  2  to  2.4  per  cent. 
VOL.  XIX. — 24 
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phosphorus,  1.8  to  2.3  manganese,  0.2  silicon,  2.8  carbon  and  0.02 
to  0.07  sulphur. 

The  three  converters  are  served  by  one  central  charging-  and 
transfer-crane  and  by  an  independent  casting-pit.  The  central  crane 
takes  the  charging-ladle  from  its  truck  and  raises  and  swings  it ;  two 
men  on  the  upper  platform  of  the  crane  empty  the  ladle  into  the 
converter ;  the  crane  is  then  lowered,  and  the  blow  begins  as  the 
vessel  is  righted.  The  second  arm  of  the  same  crane  is  ready  to 
receive  the  casting-ladle.  Ferro-manganese  is  thrown  into  the  con- 
verter from  the  platform  of  the  transfer-crane.  After  a  completed 
blow,  when  the  casting-ladle  has  been  picked  up  by  the  transfer- 
crane,  the  latter  swings  into  line  with  a  casting-crane,  which,  in  turn, 
takes  the  ladle  and  does  the  pouring,  while  the  transfer-crane  is  pre- 


Arrangement  of  Checkerwork  for  Hot-Blast  Stoves 
at  Friedenshiitte,  Upper  vSilesia. 

pared  to  handle  a  new  heat.  The  1200-kilo  ingots  taken  out  of  the 
moulds  are  charged  into  soaking-pits  which  are  not  specially  fired. 
Thence  they  pass  to  the  blooming-train,  and,  after  that,  are  cut  up 
with  heavy  shears.  The  blooms  are  either  sent  to  the  billet  or  plate- 
mill,  or  go  to  other  rolls  for  working  up  into  a  great  variety  of 
shapes. 

The  height  of  the  three  cupolas  to  the  charging-door  is  5.4  meters, 
the  diameter  at  tuyeres  is  1.4  meter,  and  that  of  the  shaft  1.8  meter. 
The  level  of  the  hearth  is  2.4  meters  above  the  floor.  Each  cupola 
melts  35  metric  tons  per  hour,  with  700  to  800  millimeters  of  water- 
gauge  blast-pressure.  The  two  blast-furnaces  deliver,  in  twelve 
hours,  80  to  90  metric  tons  of  molten  pig,  which  is  blown  without 
admixture  of  cupola-metal.  The  converter-charge  is  11  tons,  and 
the  greatest  record  for  twelve  hours  is  thirty-three  heats,  or  315  tons. 
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The  monthly  output  amounts  to  12,800  tons.  The  duplex  blowing- 
engine  has  air-cylinders  of  1450  mm.  diameter  and  1700  mm.  stroke ; 
it  is  fitted  with  expansion  valve-gear,  takes  steam  at  90  pounds,  and 
delivers  blast  at  27  pounds;  its  speed  is  thirty-six  revolutions  per 
minute. 

For  the  hydraulic  machinery  there  are  ten  air-accumulators. 

Fig.  28. 


Front-View  of  Gas  Cut-off  for  Blast-Furnace. 

Thirty-six  non-fired  Gjers  soaking-pits  receive  the  ingots,  which 
usually  measure  410  mm.  square.  The  aggregate  yield  of  the  pits 
has  reached  395,000  tons.  The  rolls  of  the  reversing  bloom-train 
are  made  of  ingot-steel  900  mm.  in  diameter  and  2500  mm.  long. 
The  driving-engine  has  cylinders  of  950  mm.  diameter  and  1250 
mm.  stroke,  and  works  with  90  pounds  of  steam.     The  capacity  of 
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the  mill  amounts  to  325  metric  tons  in  twelve  hours;  12,G00  tons 
of  blooms  per  month  are  rolled,  ranging  from  200  by  180  mm.  to  130 
mm.  square  in  cross-section. 

The  transfer-  and  the  casting-crane  have  each  a  central  support- 
ing column  and  two  cylinders,  one  for  the  live  and  the  other  for  the 
dead  load.  All  motions,  including  the  swing,  are  produced  by 
hydraulic  power,  controlled  by  an  operator  ou  the  crane.  The  same 
is  true  for  all  the  soaking-pit  and  shear-cranes,  an  operator  being 
stationed  on  each.  Piston  valve-gear  is  used  for  all  hydraulic 
valve-motions. 

The  interval  between  tapping  the  pig-metal  and  filling  the  con- 
verter lasts  three  minutes  for  cupolas,  and  about  twelve  to  fifteen 
minutes  for  the  blast-furnace,  though  exceptional  delays  of  two  and 
a  half  hours  may  occur  without  creating  difficulties  in  the  blow. 
From  the  time  of  charging  the  converter  till  the  cast  is  completed, 
sixteen  to  eighteen  minutes  elapse;  of  this  five  to  ten  minutes  is  re- 
quired for  casting,  stripping  and  picking  up  the  ingots.  The  ingots 
remain  in  the  soaking-pits  for  thirty  to  ninety  minutes.  The  in- 
terval between  lifting  them  out  and  cutting  them  into  blooms  may 
cover  five  to  twelve  minutes,  according  to  their  size. 

Peine. — The  bflsic  converter-plant  at  Peine,  shown  in  plan.  Fig.  50 
(Plate  VII.),  is  served  by  four  cupolas  that  run  with  fan-blast.  Four 
ten-ton  converters  make  as  high  as  twenty-eight  blows  in  a  twelve- 
hour  turn.  The  pig  carries  3.6  per  cent,  carbon,  2.7  phosphorus,  2  to 
2.5  manganese,  0.06  silicon  and  0.04  to  0.06  sulphur.  The  cupola- 
coke  amounts  to  6  to  6.5  per  cent,  of  the  weight  of  pig  melted.  More 
skilful  mixing  of  the  pig  for  the  converter  has  permitted  a  reduc- 
tion of  the  lime-addition  since  1883  from  19.5  per  cent,  down  to  15.2 
per  cent,  of  the  weight  of  ingot-metal.  The  consumption  of  chills 
amounts  to  17  kg.  per  metric  ton  of  ingot-metal,  the  products  being 
billets  measuring  100  to  200  mm.  on  a  side,  and  slabs  150  to  350 
mm.  thick,  200  to  800  mm.  wide  and  700  to  1400  ram.  long.  The 
loss  by  oxidation  in  the  converter  has  also  been  reduced  from  15.22 
per  cent,  to  13.35  per  cent.  On  the  other  hand,  the  output,  which 
was  13,520  metric  tons  in  1882,  rose  to  66,450  tons  in  1885  and 
101,893  tons  in  1889,  while  this  year  it  promises  to  reach  116,000 
ton.s.     The  only  iron  used  is  Ilsede  pig. 

As  regards  the  durability  of  the  vessels,  the  lining  which  used  to 

be  worn  out  by  56  heats  in  1882  now  stands  162  heats,  and  the  life  of 

the  bottoms  has  increased  from  11  heats  in  1882  to  28  heats  at  present. 

The  duration  of  the  blow  now  averasres  10.68  minutes  and  the 
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dephosphorizing  period  (after-blow)  3.55  minutes.  In  the  past  year 
the  works  produced  12,000  tons  of  crude  ingots.  The  rest  of  its 
jiroduct  supplied  one  640  mm.  tiiree-high  billet  train  ;  one  860  mm. 
reversing  plate-mill,  and  one  rod-  and  merchant-mill  having  a  525 
mm.  rough ing-train,  a  420  mm.  middle-train,  a  350  mm.  fast  train, 
and  a  260  mm.  finishing-train.  One  large  rail-  and  beam-mill  de- 
signed to  have  two  three- high  trains  with  roll-diameters  of  750  and 
850  mm.  respectively  is  nearing  completion. 

In  a  twelve-hour  turn  the  billet-train,  served  by  a  single  heating- 


Side-View  of  Gas  Cut-off  for  Blast-Furnaoe. 


furnace,  makes  100  tons  of  billets  from  200  mm.  blooms  that  weigh 
350  kilograms ;  the  ingots  are  brought  to  the  furnace  hot  by  a  loco- 
motive-transfer from  the  converter-house.  The  coal  consumed  for 
reheating  amounts  to  45  per  cent.  Last  year's  production  was 
47,000  tons  of  billets,  with  a  waste  of  2.7  per  cent.  The  plate-mill 
turned  out  last  year  6390  metric  tons  of  plate  varying  from  5  to  30 
mm.  in  thickness.  The  monthly  record  for  March  was  1050  tons. 
The  product  is  principally  used  for  boiler-plate.  The  work  of  the 
ingot-metal  rod-  and  bar-mill  last  year  amounted  to  14,441  tons  of 
rods,  1315  tons  of  flats,  1242  tons  of  shafting  ranging  from  90  to 
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160  mm.  in  diameter,  5128  tons  of  mine-rails,  and  1514  tons  of 
merchant  bar.  Altogether  77,788  tons  of  pig-iron  were  used  last 
year  for  the  manufacture  of  ingot-metal.  The  ingot-shipments 
covered  5707  tons ;  the  product  amounted  to  70,639  tons  of  ingots, 
and  besides  34,268  tons  of  billets,  4015  tons  of  plates  and  13,101 
tons  in  the  rod-  and  merchant-mill. 

2.  Open- Hearth  3Ietal. — The  manufacture  of  ingot-iron  in  the 
open-hearth  furnace  is  generally  conducted  in  Germany  by  the 
Martin  process,  according  to  which  pig-iron  is  decarbonized  by  malle- 
able scrap — commonly  the  crop-ends  and  rejections  of  the  mill's 
own  production.  Ore  or  hammer-scale  is  employed  only  in  small 
measure,  usually  as  auxiliary  to  complete  the  decarbonization.  The 
regular  pig-and-ore  or  Siemens  process,  if  used  at  all,  finds  ap- 
plication only  in  isolated  cases  and  to  a  very  small  extent.  Equally 
limited  in  its  introduction  has  been  the  practice  of  blowing  air  into 
the  metal ;  the  special,  and,  as  it  proved,  perfectly  practicable  appa- 
ratus shown  in  Figs.  51  to  53,  which  was  used  for  some  time  in 
the  Phoenix  works  at  Ruhrort,  has  since  been  abandoned  be- 
cause economic  advantages  for  it  could  not  be  demonstrated.  The 
process  is  as  frequently  acid  as  basic  ;  the  latter  method,  however, 
is  continually  gaining  ground,  and  it  is  especially  interesting  to  ob- 
serve that  such  works  in  particular  as  aim  only  at  small  output,  or 
have  but  small  quantities  of  scrap  to  work  up,  prefer  the  basic  pro- 
cess. To  such  extent,  indeed,  is  this  true  that  even  in  ordinary 
machine-shops  and  foundries  1.5  to  2  ton  open-hearths  are  found  in 
successful  operation. 

At  the  present  day  all  furnaces  for  acid  as  well  as  basic  working 
are  designed  with  a  high  roof — a  silent  recognition  of  Frederic  Sie- 
mens's  principle  of  free-flame  development.  The  regenerators  are 
set  below  the  general  floor-level,  but  with  free  space  between  them 
and  the  bottom-plates  of  the  hearth  ;  less  frequently  they  are  placed 
horizontally  in  front  of  the  furnace,  and,  in  a  few  cases,  as  at 
Phoenix,  they  are  of  cylindrical  design,  standing  independently. 
The  substitution  for  checker-work  of  flues  as  used  in  blast-furnace 
stoves,  is  steadily  gaining  favor. 

The  hearth- bottom  is  commonly  prepared  with  tar-dolomite, 
though  in  recent  practice  calcined  magnesite,  dolomite  or  limestone, 
with  milk  of  lime  or  of  dolomite  as  binding-material  has  also  been 
employed.  Repairs  are  made  with  a  paste  of  tar-doloraite.  As  a 
rule,  both  bridge- walls  are  air-cooled  ;  water-cooling  is  exceptional. 
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Attempts  have  been  made,  and  not  without  encouraging  success,  to 
water-cool  the  zone  most  subject  to  wear  around  the  furnace  at  the 
level  where  slag  comes  in  contact  with  the  walls.  The  roof  is  still 
made  in  all  cases  of  silica-brick,  and  a  mixture  of  chrome-iron  ore 
and  tar  generally  serves  to  separate  it  from  the  basic  hearth.  Pure 
magne.'^ite  brick  or  a  layer  of  rammed  magnesia  is  used  more  or  less 


Fig.  30. 


Section  of  Gas  Cut-off  for  Blast-Furnace 


for  the  same  purpose.  Entire  hearths  of  magnesia,  on  the  other 
hand,  are  uncommon.  The  light  advantages  which  they  may  pos- 
sibly possess  over  dolomite  hearths  do  not  compensate  for  their  high 
cost  in  Germany.  The  roof  as  well  as  the  ordinary  fire-brick  walls 
which  carry  it  are  always  specially  supported  so  that  no  load  from 
the  roof  is   brought   upon  the  hearth  or  upon  the  separating  layer. 
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The  size  of  the  furnaces  has  steadily  grown,  though  in   Germany 
fifteen  tons  capacity  has  rarely  been  exceeded. 

As  a  rule,  uncalcined  limestone  serves  for  the  basic  addition  ;  it  is 
charged  at  the  same  time  with  the  whole  quantity  of  pig  and  scrap, 
the  latter  being  commonly  introduced  between  the  two  halves  of  the 
pig-charge.  The  earlier  practice  of  charging  the  scrap  in  several 
lots  is  dropping  more  and  more  into  disuse  ;  indeed,  not  the  slightest 
disadvantage  can  be  traced  to  the  newer  method.  Every  effort  is  made 
to  shorten  the  charging-period  which,  in  the  case  of  large  charges, 
occupies  much  valuable  time ;  at  Phoenix,  near  Ruhrort,  for  ex- 
ample, the  charging  consumes  2  to  3  hours,  during  which  the  first 
part  of  the  charge  already  melts.  The  remedy  has  been  sought 
either  in  a  greater  number  of  charging-doors,  with  a  correspondingly 

Fig.  31. 


Spectacles  in  Gas  Cut  off  for  Blast- Furnace. 

larger  force  of  men,  or  in  the  adoption  of  hydraulic  charging- 
raachinery. 

Before  the  addition  of  ferro-raanganese,  the  slag  is  drawn  only  when 
it  carries  much  phosphorus.  If  low  in  phosphorus,  the  relatively 
thin  and  diffused  cover  of  slag  is  not  a  disadvantage. 

Basic  open-hearth  metal  is  generally  regarded  as  an  excellent  ma- 
terial, for  the  reason  that  it  is  practicable  to  make  accurate  tests  dur- 
ing its  manufacture,  and,  since  ordinarily  not  more  than  3  or  4  heats 
can  be  run  in  twenty-four  hours,  there  is  sufficient  time  for  both 
chemical  and  mechanical  examinations.  A  by  no  means  unessential 
cause  of  the  common  preference  for  open-hearth  iron  over  converter- 
metal  lies  in  the  better  opportunity  offered  by  the  open-hearth  for  a 
uniform  distribution  of  the  manganese  introduced  as  ferroor  spiegel. 
For  the  lack  of  such  opportunity  much  difficulty  has  heretofore  been 
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encountered  in  prorlucing  high-carbon  metal  in  the  basic  converter. 
We  may  therefore  welcome  here  also  as  progress  the  practice  intro- 
duced and  developed  at  the  Phoenix  works,  in  which  the  bath  is 
deoxidized  with  a  small  addition  of  ferro-manganese,  and  then  further 
carbonized  by  introducing  a  stream  of  pulverized  coal.  Not  only  is 
economy  thus  effected  in  the  use  of  expensive  ferro,  but  at  the  same 
time  the  product  runs  lower  in  manganese,  and  is  consequently  more 
homogeneous.  Concerning  the  details  of  this  practice  I  refer  to  Mr. 
Thielen's  paper,  to  be  read  at  this  meeting. 

The  following  are  illustrations  of  general  practice: 
Horde. — The  Horde  works  have  nine  regenerative  open-heirths 
for  the  manufacture  of  ingot-iron ;  six  are  in  constant  operation  and 
three  are  undergoing  repairs,  warming  up,  etc.  The  fuel  is  water- 
gas.  The  newer  furnaces  measure  8  by  3  meters,  and  have  a  capa- 
city of  fifteen  metric  tons,  though  the  charge  does  not  commonly 
exceed  ten  tons.  The  capacity  of  the  older  furnaces  is  seven  tons. 
The  hearth  is  made  of  dolomite,  and  the  sides  and  roof  of  silica- 
brick  manufactured  at  the  works.  The  newer  furnaces  stand  300 
to  350,  and  the  older  ones  180  to  250  heats.  They  are  run  with 
scrap  and  about  twenty  to  twenty-five  per  cent,  of  pig.  Ore  is 
used  (Siemens  process)  only  in  small  quantities,  so  far  as  it  may 
serve  to  correct  the  carbon-contents  of  the  bath.  If  the  scrap  is  in 
convenient  form,  six  heats  in  twenty-four  hours  can  be  made  in 
the  newer  furnaces.  These  furnaces  are  also  fitted  to  combine 
the  Thomas  and  the  Martin  processes.  For  this  practice  Thomas 
metal  is  blown  down  to  0.3  per  cent,  phosphorus  in  the  converter, 
to  the  limit,  that  is,  at  which  the  second  lime-addition  would  have 
to  be  made,  and  no  considerable  oxidation  of  iron  has  yet  occurred. 
The  Thomas  metal  is  then  conveyed  in  a  ladle  to  the  open-hearth 
and  there  finished.  One  furnace  can  easily  make  eight  to  nine  such 
heats  in  twenty-four  hours,  and  the  Thomas  metal  is  thereby  con- 
verted into  excellent  open-hearth  iron.  The  choice  of  this  practice 
depends  on  the  supplies  of  scrap  and  on  the  excess  of  converter- 
output  over  rolling-mill  capacity.  The  Horde  basic  open-hearth 
iron  is  always,  apparently,  of  better  grade  than  the  converter-metal, 
even  when  no  analytical  difference  can  be  detected.  The  following 
comparison  is  to  the  point : 

Thomas  iron  (Converter-metal).  Open-hearth  Ingot-iron. 
Heat  '2f)5  contained  :  lleat  i;i)2  contained  : 

Phosphorus,  0  042  Phosphorus,  0.046 

Manganese,   0.595  Manganese,  0.580 

Carbon,  0.135  Carbon,  0.137 

Sulphur,         0.037  Sniuhur.        0.046 
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It  is  to  be  noted  that  the  basic  open-hearth  .process  removes  little 
or  no  sulphur,  so  that  its  product  averages  relatively  more  sulphur 
than  does  converter-metal,  as  the  following  figures  taken  at  random 
from  open-hearth  heats  will  show : 

Heat  No.  48. 

Sulphur,  per  cent.,    0.078 

Phosphorus,  "  0.049 

This  as  yet  unexplained  action  is  further  illustrated  by  the  follow- 
ing samples  taken  from  one  heat: 

Heat  No.  954,  August  25th,  1888. 


51. 

75. 

84. 

88. 

0.062 

0  066 

0.044 

0.049 

0.047 

0.051 

0.045 

0.031 

Phosphorus, 

Carbon, 

Manganese, 

Sulphur 

Sample. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent 

1, 

0.084 

0.242 

0.62 

0.067 

2, 

0.080 

0.246 

0.72 

0.066 

3. 

0.062 

0.227 

0.59 

0.067 

4, 

0.079 

0.215 

0.66 

0.072 

5, 

0.064 

0.167 

0.39 

0.079 

6, 

0.067 

0.137 

0.39 

0.069 

7, 

0.056 

0.135 

0.47 

0.070 

8, 

0.050 

0.132 

0.41 

0.076 

Steel  sample,   . 

.        0.078 

0.154 

0.36 

0.087 

Apparently,  open-hearth  ingot-iron  is  less  affected  by  sulphur  in 
its  physical  qualities  than  converter-metal.  The  effort  to  explain 
the  difference  of  the  two  metals  in  behavior  by  a  difference  in  specific 
gravity  has  failed,  the  two  kinds  of  ingot-iron  having  been  found  to 
possess  exactly  the  same  specific  gravity. 

Phoenix. — The  open-hearth  works  for  ingot-iron  manufacture  at 
Phoenix  consist  of  an  old  plant  of  four  10-ton  furnaces  and  a  new 
one  of  two  20-ton  furnaces.  All  the  furnaces  are  basic-lined,  and 
work  up  all  the  scrap  made  in  the  works  as  well  as  malleable  scrap 
of  all  kinds.  The  output  amounts  to  3200  tons  per  month.  All 
grades  of  metal,  ranging  from  0.6  to  0.9  })er  cent,  carbon,  are  pro- 
duced and  principally  turned  into  tires,  axles  and  high-grade  plate- 
and  merchant-iron.  Recently,  the  furnaces  have  been  supplied  with 
gas  from  ten  fan-blown  cupola-producers  measuring  1650  millimeters 
in  inside  diameter  and  2800  millimeters  above  the  grate. 

IV.  Rolling. 

As  the  description  of  the  improvements  in  mechanical  arrange- 
ments has  been  treated  in  Mr.  Daelen's  paper,  read  at  the  recent 
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New  York  meeting  of  the  Institute,  attention  will  here  be  called  only 
to  a  few  points. 


Ingot-iron  is  now  used  in  Germany  for  the  greatest  variety  of  pur- 
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poses.  It  need  not  be  said  that  rails  are  made  of  it  exclusively.  For 
this  purpose,  however,  it  is  usual  to  employ  only  the  metal  from  the 
converter.  Railway-ties  are  made  of  ingot-metal,  as  is  also  the  greater 
part  of  the  wire  manufactured  in  the  country. 

For  structural  shapes,  particularly  angle-  and  channel-bars,  and 
U-,  T-  and  I-beams,  ingot-iron  is  more  and  more  used,  while  for 
boiler-plate  it  has  long  been  recognized  as  superior  to  wrought-iron. 
The  former  prejudice  against  the  basic  and  in  favor  of  the  acid  metal 
has  entirely  disappeared.  No  distinction  is  now  made  between  them, 
and  it  is  presumed  of  a  low-carbon  ingot-iron  that  it  was  made  by 
the  basic  process. 

Whether  the  open-hearth  or  the  converter  metal  is  the  better, 
depends  essentially  upon  the  original  material.  When  this  is  so 
uniform  in  composition  that  it  can  be  blown  with  great  certainty  as 
to  the  result, — as,  for  instance,  at  Peine, — the  best  commercial  irons 
can  be  produced  from  the  converter,  and  even  iron  for  horseshoe-nails 
not  inferior  to  the  Swedish.  If  the  open-hearth  furnace  is  generally 
preferred  for  special  high  grades  of  product,  this  is  only  because  it 
is  easier,  in  the  open-hearth  furnace,  to  produce  a  uniform  product 
from  heterogeneous  materials,  and  particularly  to  avoid  in  high- 
carbon  metal  an  irregular  distribution  of  the  manganese. 

In  the  casting  of  ingot-iron  there  has  been  no  noteworthy  change 
of  the  old  methods.  Funnels  or  sprues  are  often  used,  which  deliver 
right  and  left,  etc. ;  ingots  are  cast  from  the  bottom  or  the  top,  with 
or  without  covering,  in  all  of  which,  so  far  as  I  know,  there  is 
nothing  new. 

Attempts  to  compress  the  ingot-metal,  i.e.,  to  cause  a  better  distri- 
bution of  blow-holes,  whether  by  mechanical  pressure  or,  according 
to  Ivrupp's  method,  by  means  of  carbonic  acid,  have  proved  less 
effective  in  improving  the  product  than  has  the  increased  care  which 
has  been  taken  to  secure  a  uniform  chemical  composition,  and,  above 
all,  a  precisely  adjusted  temperature,  determined  by  experience  for 
each  class  of  metal,  so  that  it  shall  be  poured  neither  too  hot  nor  too 
cold. 

Among  the  many  mechanical  devices  for  giving  the  desired  form 
to  the  metal,  allusion  will  here  be  made  to  a  few  machines  specially 
connected  with  the  treatment  of  ingot-metal. 

In  the  arrangement  of  rolling-mills,  it  has  been  earnestly  sought 
to  develop  the  old-fashioned  crude  trains  into  carefully-constructed 
machines,  the  gearing  of  which  should  not  rattle  loosely,  but  trans- 
mit power  without  loss,  while  the  rolls  should  be  placed  with  fine  ac- 
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curacy,  and  the  pieces  to  be  rolkil  should  be  automatically  moved  back 
and  forward  in  the  precise  pre-deterrained  position.  In  the  latter 
respect,  the  rolling-mill  of  the  Phoenixhiitte,  shown  in  Fig.  49  (Plate 


VI.),  may  be  adduced  as  a  good  model.  Here,  the  liquid  pig  from  the 
blast-furnace  is  transformed  into  ingot-iron  in  the  converter,  reoarbon- 
ized  and  cast  into  ingots.  Those  are  annealed  in  Gjers  soaking-j)its, 
then  removed  by  an  automatic  lever  and  delivered  to  a  train  of  live 
rollers,  which  carries  them  to  the  blooming-n)ill,  from  which  they 
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pass  to  the  bloom-shears  and  to  the  rolls  without  having  required, 
since  the  metal  left  the  furnace,  a  single  kilogram  of  coal  to  be 
used  upon  them. 

Where  room  is  lacking  in  the  rolling-mill, — which  is  very  often 
the  case  in  the  older  establishments,  since  the  requirements  as  to  length 
of  rolled  pieces  have  been  steadily  advancing, — feed-roller  trains  are 
used,  which  incline  upwards  and  often  extend  far  above  the  roof  (as 


Draw-Bottom  tor  Converter. 


at  Oberhausen  and  Phoenixhiitte).  The  space  below  is  thus  saved 
for  other  uses. 

Street-railways  have  been  very  widely  introduced  in  Germany. 
The  ingot-metal  rails  are  often  rolled  solid,  receiving  only  in  the 
last  pass  the  necessary  groove,  as  shown  in  Figs.  54,  55. 

In  the  manufacture  of  wire,  the  most  important  improvement, 
doubtless,  has  been  the  automatic  guides  (  Umfiihrungeii)  which  have 


Safety  Slop  on  Steel-Casting  Crane. 

increased   not  only  the   product  of  the  works  but  also  the  safety  of 
the  workmen. 

Mannesmann  Tube-Rolling. — With  good  reason  may  the  inven- 
tion of  the  brothers  Mannesmann,  in  the  manufacture  of  pipes,  be 
regarded  as  an  important  improvement.     For  pipes  destined  to  meet 
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calculated   to  revolutionize  previous  practice.     I  shall  therefore  at- 
tempt to  describe  it. 

The  process  consists  in  feeding  a  solid,  highly-heated  round  bar 
of  ingot-metal  between  rolls  which,  while  their  axes  are  oblique 
to  the  axis  of  revolution,  revolve  both  in  the  same  direction.  .The* 
metal  of  the  surface  of  the  bar  thus  acquires  an  increased  motion  in 
a  spiral  direction,  and  is  drawn  over  its  core,  receiving  consequently 
the  form  of  a  pipe.  It  is,  indeed,  not  practicable,  without  an  exces- 
sive expenditure  of  power,  to  make  the  interior  diameter  of  such  a 
pipe  very  large.  But  it  is  sufficient  that  an  interior  space  is  created, 
for  there  is  no  difficulty  in  widening  it  over  a  mandril  by  further 
operations  between  rolls  in  the  form  of  conical  disks,  revolving  in 
opposite  directions.  Since,  in  this  operation  also,  the  pipe  moves 
spirally  forward  and  all  its  parts  are  spirally  pushed  and  pressed, 
the  metal  becomes  still  denser.  It  is  this  spiral  arrangement  of 
material  which  makes  the  Mannesmann  pipes  so  remarkable,  quite 
apart  from  the  advantage  they  possess  in  presenting  no  lines  of 
welding  whatever.  Moreover,  blow-holes  (which  are  invariably 
present  in  ingot-iron)  are  so  squeezed  out  spirally  as  to  make  the 
walls  of  the  pipe  completely  impermeable.  A  proof  of  this  is  the 
retention  of  hydrogen  for  weeks  in  a  piece  of  Mannesmann  pipe, 
closed  at  both  ends.  Pipes  thus  made  and  enlarged  have  been  suc- 
cessfully produced  of  all  diameters  up  to  400  mm. 

The  Mannesmann  rolls  have  to  be  driven  at  a  speed  of  300  revo- 
lutions and  upward,  and  their  relative  positions  to  each  other  and  to 
the  driving-shaft  must  be  made  adjustable  with  nicest  precision 
through  a  wide  angle.  These  severe  requirements  in  coupling  the 
rolls  to  the  driving-shaft  were  met  by  a  special  design  indicated  in 
Fig.  56.  Two  shafts,  a  and  6,  are  each  provided,  at  points  equally 
distant  from  the  center  S,  with  two  arras  that  form  equal  angles 
with  rt»Sand  6*9,  and  constitute  couples  which  will  remain  in  constant 
contact.  The  touching  points  s^  and  s.^  slide  toward  and  away  from 
the  center  S,  each  describing  an  ellipse  during  a  complete  revolu- 
tion. In  practice  this  movement  is  accomplished  by  setting  a  bronze 
semi-cylinder  a'  into  a  rounded  groove  on  each  driving-arm  and 
making  it  bear  with  its  flat  surface  upon  a  similar  semi-cylinder,  h' , 
which  is  fitted  into  the  corresponding  driven-arm.  The  device  is 
ingenious  and  works  well. 

Another  serious  obstacle  which  had  to  be  overcome  by  special 
design  lay  in  the  excessive  unit-stresses  in  the  teeth  of  common 
gearing  when  transmitting  very  high  powers  at  high  rates  of  speed. 
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The  form  of  the  new  Mannesraann  gearing  is  indicated  in  Fig.  57. 
The  teeth  or  pins  are  shown  at  a'  b' ;  they  are  so  shaped  that  one 
seizes  the  other  like  a  fork.  It  is  evident  that  when  both  wheels 
have  the  same  number  of  teeth,  and  when  their  axes  are  parallel  to 


each  other,  the  forks  and  the  blades  must  meet  accurately,  provided 
the  teeth  be  always  kept  in  a  parallel  position.  In  both  wheels  this 
parallelism  of  the  teeth  throughout  their  movement  is  maintained 
by  special  ai)pliances  not  shown.  But  the  position  of  the  axes  of 
the  two  wheels  may  be  swung  at  any  angle,  provided  the  line  A  A^ 
Fig.  57,  remains  vertical.     In  that  manner  a  right-angle  trausmis- 
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sion,  sketched  on  the  right  in  Fig.  57,  may  be  obtained  and  a  large 
contact-surface  still  be  preserved  for  the  transmission  of  pressure. 
The  storage  of  power  required  for  this  process,  for  which  a  fly- 
wheel of  ordinary  construction  was  not  sufficient,  was  attained  by 
making  fly-wheels  with  a  rim  of  wire  to  run  very  rapidly. 


Fig.  56. 


Diagram  of  Mannesmann's  Universal  Joint. 

The  formation  of  pipes  by  the  Mannesmann  rolls  is  indicated  by 
Figs.  58  to  68.  Figs.  58  and  59  show  the  ordinary  rolling  process 
with  parallel  roll-axes  and  opposite  directions  of  revolution  ;  Figs. 
60  and  61,  the  same,  when  the  rolls  revolve  in  the  same  direction. 
Figs.  62  and  63  show  the  effect  of  obliquely-set  rolls,  operating  by 


Diagram  of  Mannesmann's  Universal  Gearing  for  Heavy  Power-Transmission. 

simple  friction.  Figs.  64  and  65  show  the  formation  of  pipes,  under 
similar  circumstances,  but  with  the  added  effect  of  pressure,  i.e.,  the 
squeezing  forward  of  the  several  particles  of  metal.  Figs.  66  to  68 
illustrate  the  enlargement  over  a  mandril  by  means  of  conical  ob- 
liquely-set rolls.  Figs.  69,  70  and  71  show  the  latest  arrangement 
in  actual  practice.  The  circular  cross-section  of  the  Mannesmann 
tubes  is  easily  changed  in  rolling  to  an  I-section,  a  square,  a  rail- 
section  or  almost  any  desired  form. 

V. — Chemical,  Mechanical  and  Microscopic  Investigations 

OF  Iron. 
The  progress  of  the  metallurgy  of  iron  in  Germany  has  only  been 
practicable  with  the  help  of  science.     Chemistry,  physics  and  me- 
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chanics  have  furnished  the  foundations  for  its  successive  improve- 
ments. Sometimes  new  processes  or  devices  have  been  directly  de- 
duced from  the  results  of  scientific  inquiry  ;  sometimes  it  has  been 
the  function  of  science  to  seek  the  principles  underlying  practical 
improvements,  and  thus  to  render  their  further  development  pos- 


Fig.  58 


Fig.   60 


Fig.  59 


Fig-  61 


Diagrams  Showing  the  Action  of  Parallel  Rolls. 


sible.  There  are  consequently  many  novelties  worthy  of  mention 
in  the  mechanical  as  well  as  the  chemical  investigation  of  iron, 
AVith  regard  to  testing-machines,  more  perfect  apparatus  for  meas- 
uring strains  has  been  a  desideratum.  To  the  perfection  of  such 
mechanism  American  example  has  contributed  not  a  little  ;  and  the 
principles  of  Mr.  Emery's  machine,  in  the  Watertown  arsenal,  have 
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received  full  recognition.  Above  all,  the  earnest  tendency,  depart- 
ino-  from  former  rules,  is  not  to  draw  conclusions  from  single  results, 
perhaps  of  a  purely  accidental  character,  but  to  make  observations 
systematically,  in  series,  and  upon  as  many  samples  as  possible,  for 
the  elimination  of  accidental  errors ;  and  also,  to  establish  the  most 
suitable  method  of  testing,  so  that,  even  if  errors  be  involved,  they 
need  not  vitiate  comparisons  where  the  same  methods  have  been 
employed. 


Fig.    62 


Fig.  63' 


Diaoraius  Illustrating  Mannesmann's  Process  for  Rolling  Tubes. 


The  latter  tendency  may  be  asserted  likewise  for  the  special  branch 
of  analytical  chemistry,  which  deals  with  the  ores  and  products  of  iron. 
Here,  also,  we  have  to  report  not  so  much  the  inventions  of  wholly 
new  methods,  as  the  determination  of  the  sources  and  limits  of  error, 
which  are  and  always  will  be  involved  in  the  different  methods  em- 
ployed. It  is,  undoubtedly,  more  profitable  to  have  steady  results 
obtained  by  a  known  method  with  a  known  probable  error,  than  to 
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deal  with  data  insusceptible  of  comparison,  furnished  by  unknown 
methods,  with  unknown  and  variable  limits  of  error. 

Immense  numbers  of  tests  and  analyses  are  now  made  at  our 
metallurgical  works.  To  take  an  example:  In  the  laboratory  of 
the  Rothe  Erde  works,  near  Aachen,  there  are  made  in  a  year,  ac- 
cording to  the  statement  of  Kintzle,  by  two  to  three  chemists  and 
six  to  seven  assistants,  26,500  chemical  determinations,  and  62,000 
bending  and  tensile  tests  ;  so  that  about  90  chemical  determinations 


Fig.  64 


Fig.  65 


Diagrams  Illustrating  Mannesmann's  Process  for  Rolling  Tubes. 


must  be  made  daily.  The  time  required  for  chemical  operations  has 
been  proportionally  shortened.  The  different  elements  can  now  be 
determined  in  the  following  periods,  expressed  in  minutes :  Phos- 
phorus, 30;  carbon,  30;  manganese,  100;  silicon,  60;  sulphur 
(cadmium  method),  30.  Thus  it  has  been  made  practicable  to 
maintain  a  continuous  control  of  the  running  of  works,  and  even, 
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for  instance,  to  wait  before  tapping  a  heat  in  the  open-hearth  fur- 
nace, until  its  sufficiently  complete  dephosphorization  has  been  chemi- 
cally ascertained. 

The  microscopy  of  iron  is  constantly  widening  its  field.  The 
method  discovered  by  Sorby  nearly  thirty  years  ago,  namely,  the 
examination  of  carefully-ground  sections,  instead  of  the  surfaces  of 


fracture,  has  been  increasingly  employed.  Samples  of  metal  are 
ground  upon  metallic  disks,  carefully  polished,  cleaned  and  etched 
lightly  with  very  dilute  hydrochloric  acid,  in  order  to  bring  out  the 
variations  of  texture  which  are  always  present,  even  in  the  finest 
crucible  cast-steel,  and  which  are  made  distinguishable  by  the  vary- 
ing depth  to  which  they  are  attacked.  The  surface  thus  prepared 
is  treated  to  210°  C.  (provided  this  will  not,  as  in  the  case  of  iiard- 
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ened  steel,  affect  its  texture),  and  acquires  thereby  a  variety  of  color- 
ing which  still  further  emphasizes  the  various  elements  in  its  com- 
position. 

How  successfully  in  this  way  characteristic  features  of  grades  of 
iron  can  he  discovered,  comparisons  can  be  made,  physical  differ- 
ences coexisting  with  identity  of  chemical  constitution  can  be  ex- 
plained, and  the  true  grounds  of  many  disasters  can  be  demonstrated, 


Fig.  72. 


kAv/\/N7^ 


ji^/x^W 


Apparatus  for  Perpendicular  Illumination  in  Micro-Photography. 

whether  in  the  fault  of  the  material  or  in  the  excessive  strain  to 
which  it  was  subjected,  many  series  of  experiments  have  already 
proved. 

The  aid  of  photography  has  been  invoked  to  make  the  results 
obtained  by  single  observers  the  property  of  all.  In  photographing 
sections  prepared  as  above  describedj  only  ortho-chromatic  plates  can 
be  used.     A  further  difficulty,  namely,  that  to  get  a  true  piioto- 
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graph,  the  illumination  of  the  section  should  be  perpendicular  to  its 
surface,  while  at  the  same  time  the  section  must  be  placed  perpen- 
dicular to  the  axis  of  the  microscope,  through  which  it  is  photo- 
graphed, has  been  overcome  by  the  use  of  a  parallel-plane  glass 
plate,  which  serves  also  as  a  mirror.  Fig.  72  is  an  illustration  of  a 
convenient  apparatus  now  used  for  this  purpose. 

The  thirty  slides  exhibited  in  connection  with  the  reading  of  this 
paper*  give  a  general  view  of  the  characteristics  detected  by  the 
microscope  in  the  different  kinds  of  iron.  These  views  may  furnish 
a  good  starting-point  and  guide  to  those  who  desire  to  make  similar 
investigations  for  the  benefit  of  their  own  works. 

VI.  Conclusion. 

In  conclusion,  I  may  be  permitted  to  say  that  the  outlook  for  our 
German  iron  and  steel  industry  is  neither  all  brightness  nor  all 
shadow.  On  the  one  hand,  the  patent-law  of  1877  and  the  tariff- 
law  of  1879  have  greatly  stimulated  industrial  activity  and  technical 
progress  in  this  business,  and  the  Thomas  process,  coming  just  at  the 
right  time,  has  made  us  independent  of  other  countries  for  our  raw 
material.  On  the  other  hand,  the  severity  of  military  duty,  both 
withdrawing  and  estranging  from  labor  for  three  years  every  strong 
and  healthy  workman,  and  the  compulsory  contributions  required 
by  law  from  employers  for  the  insurance  (life  and  accident),  medical 
care  and  pensioning  of  employees,  constitute  patriotic  and  philan- 
thropic burdens,  which  we  must  needs  feel  in  competition  with  other 
countries  not  similarly  handicapped.  But  the  ironmasters  of  Ger- 
many make  no  complaint.  On  the  contrary,  spurred  rather  than 
daunted  by  difficulties,  they  mean,  by  increased  vigilance,  energy, 
economy,  technical  skill  and  continuous  scientific  researches,  to  main- 
tain the  honorable  rank  of  the  German  Empire  among  the  iron-  and 
steel-producing  nations  of  the  world. 

Discussion. 

Professor  Lunge,  Zurich  :  I  beg  to  point  out  that  the  Man- 
nesmann-tubes,  of  which  there  is  such  a  beautiful  exhibit  in  illus- 
tration of  Prof.  Wedding's  paper,  are  likely  to  be  of  the  greatest 
importance  for  chemical  manufacturing,  and  that  in  two  different 
directions. 


*  Photographs  of  these  slides,  bound  in  a  handsome  album,  were  presented   to 
the  Institute,  by  Professor  Wedding,  at  the  close  of  the  meeting. 
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In  the  first  place,  they  seem  to  supply  the  best  possible  material  for 
making  high-pressure  vessels  for  storing  and  carrying  liquid  carbon- 
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Mannesmann-Tubes  and  Tube-Products. 
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dioxide,  ammonia,  sulphur-dioxide,  chlorine,  and  compressed  oxygen, 
and  for  all  similar  purposes.  Hitherto,  the  dead  weight  of  the  iron 
flasks  required  for  such  purposes  has  been  a  serious  drawback,  since 
it  amounts  to  several  times  the  weight  of  the  contained  liquified  or 
compressed  gas — a  circumstance  which  has  been  absolutely  prohibi- 
tory in  many  cases,  in  which  consumers  would  gladly  have  availed 
themselves  of  the  great  convenience  offered  by  the  commercial  supply 
of  such  substances  in  desired  quantity  on  demand.  As  the  Man- 
nesmann-tubes  are  very  much  stronger  than  ordinary  wrought-iron 
or  steel  tubes  of  the  same  weight,  they  can  be  made  correspond- 
ingly lighter;  and  when  it  is  considered  that  they  are  already  sup- 
plied up  to  15  inches  in  diameter,  and  capable  of  resisting  at  that 
diameter  a  pressure  of  several  hundred  atmospheres,  it  is  not  neces- 
sary to  dwell  on  the  importance  of  this  improvement. 

In  the  second  place,  the  Mannesmann-tubes  oifer  the  possibility 
of  carrying  out  chemical  reactions  under  high  pressures  at  a  fraction 
of  the  expense  which  has  now  to  be  incurred  for  such  purposes.  The 
manufacture  of  dimethyl-aniline  among  organic  compounds,  and  of 
sulphur-trioxide  among  inorganic  substances,  are  instances  I  could 
cite  in  this  direction.  Altogether  I  feel  bound  to  welcome  this 
ingenious  Mannesraann  tube-rolling  process  as  a  precious  addition 
to  the  resources  of  the  chemical  manufacturer. 


At  the  close  of  the  reading  and  discussion  of  Prof  Wedding's  paper 
a  complete  set  of  large  drawings  exhibited  by  the  author  in  further 
illustration  of  his  subject,  and  a  large  and  remarkably  fine  exhibit  of 
Mannesmann-tubes  and  tube-products,  furnished  by  the  (rerman- 
Austrian  Mannesmann-Tube  Works  of  Berlin,  from  its  mills  at 
Remscheid,  Komotau  and  Bous,  and  by  the  Mannesmann-Tube  Co. 
of  Landore,  were  donated  to  the  museum  of  the  Engineers'  Society 
of  Western  Pennsylvania,  and  were  accepted  with  suitable  acknowl- 
edgments by  Prof.  J.  W.  Langley.  [Fig.  73  is  a  view  of  this  exhibit 
in  part.] 
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THE  lEON  BREAKER  ATDEIFTOX,  WITH  A  DESCRIPTION 

OF  SOME  OF  THE  MACHINEBY  USED  FOB  HANDLING 

AND  PBEPARING  COAL  AT  THE  CBOSS 

CBEEK  COLLIERIES. 

BY   ECKLEY   B.    COXE,    DRIFTON,    PA. 
(New  York  Meeting,  September,  1890.) 

The  sul)ject  of  this  paper  will  be  treated  as  briefly  as  possible 
under  the  following  heads  : 

I.  The  latest  designs  of  some  of  the  machinery  used  at  these  col- 
lieries in  the  preparation  of  coal. 

II.  The  means  em))loyed  for  elevating,  conveying  and  transport- 
ing the  coal  and  slate  in  and  about  the  breaker. 

III.  The  means  employed  for  raising  the  coal  from  the  mines  to 
the  top  of  the  breaker. 

IV.  The  iron  breaker  as  a  structure. 

V.  The  preparation  of  the  coal  as  effected  in  the  iron  breaker. 

A  key  to  the  plates  and  the  letters  and  nu miners  designating  dif- 
ferent parts,  will  be  found  at  the  end  of  the  paper. 


I.  Preparing  Coal. 

Anthracite  coal  as  it  comes  from  the  mines  is  not  marketable. 
The  "run  of  mine"  cannot,  as  in  the  case  of  bituminous  coal,  be 
sold.  Anthracite,  being  very  compact  and  practically  free  from 
volatile  combustible  matter,  burns  only  at  the  surface,  and  it  is, 
therefore,  deemed  important  to  have  the  lumps  as  nearly  of  a  uni- 
form size  as  possible,  so  that  between  them  a  large  amount  of  surface 
will  remain  exposed  to  the  action  of  the  air  without  checking  the 
draught  too  much,  or  allowing  enough  air  to  pass  to  cool  the  coal 
below  the  ignition-point.  In  other  words,  if  the  pieces  of  coal  of 
the  size  of  a  chestnut  and  smaller  are  mixed  with  lumps  of  the  size 
of  an  egg  they  fill  the  air-passages  and  prevent  a  free  draught.  It 
has  long  been  recognized,  therefore,  that  one  of  the  most  important 
points  in  pre[)aration  is  to  have  a  uniform  sizing,  and  also  to  make 
as  large  a  uumi)er  of  different  sizes  as  can  be  produced  without  too 
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great  expense.  It  is  also  essential  to  remove  all  the  dust,  which  is 
of  little  or  no  use  at  present,  and  depreciates  the  value  of  coal  in  the 
market. 

Mixed  with  the  pure  coal,  large  amounts  of  slate,  "  slate-coal " 
and  "bony  coal"  generally  occur.  In  this  paper  I  shall  use  the  term 
"slate-coal"  to  designate  lumps  composed  partly  of  coal  and  partly 
of  slate,  in  which  the  pure  coal  occurs  in  such  large  masses  that, 
by  re-breaking,  pieces  of  pure  coal  of  marketable  sizes  can  be  ob- 
tained economically  ;  and  "  bony  coal"  to  designate  lumps  in  which 
the  coal  and  slate  are  so  interstratified  that  they  cannot  be  separated 
economically  by  mechanical  preparation,  also  coal  in  which  the  im- 
purities are  present  in  such  high  percentages  as  to  destroy  or  greatly 
diminish  its  market-value.  In  other  words,  slate-coal  is  coal  from 
which,  by  breaking  and  preparation,  a  certain  amount  of  pure  coal 
can  be  obtained  ;  bony  coal  is  coal  which  cannot  be  economically 
rendered  more  pure  by  mechanical  preparation,  although  it  may  be 
used  for  certain  purposes  in  its  crude  condition. 

The  problem  is,  to  remove  the  impurities  as  completely  as  possi- 
ble. Of  course,  when  the  slate  occurs  in  separate  pieces,  it  should 
be  eliminated  without  further  breaking.  But  the  slate-coal  must  be 
broken  into  smaller  pieces  to  separate  the  slaty  portion  from  the 
coal.  It  is  generally  impossible  to  sell  all  the  larger  lumps  which 
come  from  the  mines,  and  machinery  must  be  provided  for  breaking 
them  up  into  such  sizes  as  the  market  requires. 

The  coal  coming  from  the  mines  should  be  divided  into  its  various 
sizes,  and  the  free  slate  in  each*size  should  be  removed,  before  any 
breaking  is  done.  This  can  be  done  either  by  hand-labor  or  by  me- 
chanical means.  In  the  first  case  the  coal  is  passed  along  chutes,  on 
the  sides  of  which  men  and  boys  are  placed  who  pick  out  the  slate, 
and  in  some  cases  the  bony  and  slate-coal,  and  allow  the  pure  coal 
to  pass  into  the  pockets.  The  mechanical  slating  of  the  coal  de- 
pends upon  one  or  more  of  three  physical  characteristics  of  the  coal 
and  slate:  The  difference  in  their  specific  gravity;  the  difference  of 
the  forms  in  which  they  break  ;  and  the  difference  of  their  angle  of 
friction,  or,  in  other  words,  the  difference  in  the  angle  of  a  chute, 
lined  with  stone  or  iron,  down  which  the  coal  or  slate  will  slide 
without  any  increase  of  velocity.  As  a  rule,  slate  will  not  slide 
down  a  chute  which  will  carry  coal. 

Before  describing  the  iron  breaker  at  Drifton,  I  will  give  a  brief 
account  of  some  of  the  newer  apparatus  used  at  the  Cross  Creek 
collieries  for  the  above  purposes. 
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Plan  of  Platform,  etc.,  shown  in  Plate  II  (The  line  C  D  in  this  Plate  coincides  with  the  line  C  D  on  Plate  III,  of  which  this  is  a  continuation). 
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Machinery  For  Sizing  Coal. 

This  may  be  divided  into  two  classes:  fixed  or  movable  bars, 
and  fixed  or  movable  screens.  In  the  first,  the  openings  through 
which  the  coal  falls  are  much  longer  than  they  are  wide,  while  in 
the  second  the  ratio  of  the  length  to  the  width  of  openings  does 
not  generally  vary  much  from  unity.  In  special  cases  the  first  class 
may  be  used  to  take  out  dust  or  fine  coal ;  otherwise,  they  are  seldom 


Plate  V, 


Gyrating  Mechanism. 


n 


Eccentric  Shaft. 


Gyrating  Cone. 


Diagrams  of  Mechanism  for  Gyrating  Screens. 


employed,  except  for  large  coal,  unless  when  exact  sizing  is  not  im- 
portant. The  reason  is,  that  long  flat  pieces  fall  out  with  the  cubical 
pieces  of  much  smaller  dimensions,  rendering  the  coal  thus  sized 
unsightly,  inconvenient  to  handle  in  the  furnace,  etc. 

There  are  three  types  of  the  first  class  used  in  the  iron  breaker: 

1.  The  adjustable  bars,  supported  at  both  ends. 

2.  The  finger-bars,  supported  at  one  end. 

3.  The  oscillating  bars. 

The  Adjustable  Bars. — E^. — These  bars  have  been  used  for  many 
years.     Their  construction  is  shown  in  Plates  I.,  II.  and  IV.     The 
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top  (5)  of  the  bar  is  cylindrical  and  projects  beyond  the  web,  which 
supports  it,  so  that  any  lump  which  passes  through  the  upper  part 
will  fall  freely  without  jamming.  The  two  ends  (8)  and  (9)  of  the 
bar  are  A^-shaped,  and  fit  into  similarly  shaped  grooves  (4),  so  that 
the  bars  can  be  set  at  distances  from  each  other  varying  with  the 
sum  of  the  width  of  the  bases  of  the  triangles,  the  usual  opening  being 
4  inches.  They  are  generally  four  feet  long,  but  can  be  of  any  size. 
Ej,  Plate  L,  left-hand  drawing,  shows  the  construction  of  these  bars, 
and  the  right-hand  drawing  that  of  the  bar-bearers. 

Tke  Finger-bars. — E,  E^  and  E^. — These  have  been  recently  intro- 
duced. In  using  the  old-fashioned  continuous  bars  part  of  the  dirt 
and  fine  coal  is  often  carried  over  the  bar,  and  is  delivered  in  the 
chute  at  the  lower  end  instead  of  falling  through  ;  and  as  the  spaces 
between  the  l)ars  are  parallel  and  closed  at  the  lower  end,  long  pieces 
often  wedge  and  catch,  particularly  at  the  bottom,  thus  necessitating 
a  frequent  cleaning.  Of  the  finger-bars,  E,  Plate  T.,  the  lower  end 
(3)  is  entirely  free,  and  the  bars  are  narrower  there  than  at  the  upper 
end  (6) ;  and  any  lump  that  may  wedge  is  likely  to  be  loosened  by  the 
first  lump  which  strikes  it.  Three -forms  of  these  are  shown  in  E,  E3 
and  E4.  They  are  all  of  the  same  length,  but  the  distances  between 
the  bars  differ.  Upon  the  vertical  portion  at  the  upper  end  are  two  half- 
holes  (4),  by  which  they  are  bolted  to  the  beam-  or  bar-bearings.  In 
order  to  per-mit  the  varying  of  the  opening  as  may  be  necessary,  the 
bars  are  cast  simply  tapering  from  the  top  down,  or  with  a  greater  or 
less  projection  near  the  top,  like  the  old  form.  The  holes  are  cast  or 
drilled  in  the  bearer  for  the  greatest  opening  with  the  ordinary  bar; 
if  it  is  desirable  to  reduce  the  opening,  the  bar  with  the  projection  on 
the  head  is  used.  By  changing  the  angle  between  the  top  of  the  bar 
and  the  back,  a  greater  or  less  angle  of  inclination  can  be  given  to 
the  bar,  without  changing  the  position  of  the  bar-bearer. 

The  Movable  or  Oscillating  Bars. — These  bars  have  been  introduced 
within  a  few  years  at  the  Cross  Creek  collieries  for  several  reasons. 
They  diminish  the  height  of  the  breaker,  because  they  are  shorter 
and  much  flatter  than  the  fixed  bar  of  the  same  cleaning-capacity. 
They  act  as  a  regulator  or  feeder  for  the  breaker,  the  amount  of  coal 
passing  over  them  per  minute  being  constant,  if  the  supply  is  suffi- 
cient and  the  number  of  revolutions  remains  the  same;  while,  by 
regulating  tiie  speed  of  the  driving-shaft,  the  quantity  can  be  varied 
at  will,  within  certain  limits.  They  allow  the  men  upon  the  platform 
to  get  much  nearer  their  work  without  danger.  (With  the  ordinary 
fixed  bars,  the  pitch  must  be  sufficient  to  allow  the  coal   to  slide 
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down  freely.  This  it  often  does,  with  great  velocity,  so  that  the 
men  must  remain  on  the  side.  When  the  oscillating  bars  are  used, 
the  coal  can  be  fed  upon  their  upper  end,  from  which  it  is  gently 
carried  to  the  platform.  This  allows  the  men  to  stand  safely  in  front 
of  the  bars  instead  of  on  the  sides.)  They  bring  the  coal  cleaner 
and  with  less  small  stuff  to  the  platform,  thus  permitting  a  better 
separation  of  coal,  slate,  etc. 

The  machine,  as  constructed,  is  a  modification  of  theBriart  mov- 
able bars,  with  some  important  changes.  It  consists  essentially  of 
a  series  of  double  bars,  placed  sufficiently  far  apart  to  allow  coal  of 
the  required  size  to  pass  between  the  bars  of  each  pair.  In  Plate  I., 
the  upper  left-hand  drawing  shows  one  half  and  the  upper  right- 
hand  drawing  the  other  half  of  the  double  bar.  When  they  are 
set  together,  the  two  vertical  sides  (42)  touch,  and  the  two  taper 
sides  are  turned  outwards.  The  lower  ends  of  the  bars  carry  the  bear- 
ings (18)  and  (19),  which  fit  over  the  shafts  (11)  and  (12),  Plate  II., 
while  the  upper  ends  (27)  are  supported  upon  two  round  steel  rollers 
(28),  which  roll  upon  the  plate  (24).  The  details  of  the  bar- 
roller  and  its  bearer  are  shown  at  (24),  (28)  and  (45)  to  (48).  Plates 
II.  and  III.  show  the  general  arrangement  of  the  bars.  On 
the  main  or  driving-shaft  (3)  there  are  two  eccentrics  (25)  and 
(26),  placed  180  degrees  apart.  At  each  end  each  pair  moves  two 
eccentric- rods  (7)  and  (8),  which  are  suspended  by  the  pins  (16)  and 
(17)  to  the  suspension-bars  (9)  and  (10).  The  throw  of  the  eccen- 
trics is  three  inches.  When  the  driving  shaft  revolves,  the  points 
(16)  and  (17)  describe  an  arc  of  a  circle  which  is  practically  a  straight 
horizontal  line  three  inches  long,  while  the  center  of  the  eccentric- 
strap  describes  a  circle  three  inches  in  diameter.  The  centers  of  the 
shafts  (11)  and  (12),  being  half  as  far  from  (16)  and  (17)  as  the  latter 
are  from  the  centers  of  the  eccentric  straps,  describe  approximately 
an  ellipse,  the  major  axis  of  which  is  three  inches  long  and  the  minor 
axis  one  and  one-half  inches,  i.e.,  the  centers  of  (11)  and  (12)  rise 
and  fall  three-quarters  of  an  inch  in  moving  forward  three  inches, 
and  fall  and  rise  three-quarters  of  an  inch  in  moving  backward  ; 
but  (12)  is  always  above  (11)  when  it  moves  forward,  and  below 
when  it  moves  backward,  and  vice  versa.  The  bars  are  flat  on  top, 
the  extreme  lower  end  (23)  being  rounded  off  to  allow  the  coal  to  roll 
off  easily ;  then  for  a  certain  distance  to  the  left  they  are  horizontal ; 
then  they  rise  in  a  curve  (35),  the  center  of  which  is  upward,  to  the 
point  where  the  coal  arrives  upon  the  bars.  The  upper  ends  of  the 
bars,  which  are  carried  by  the  rollers,  are  under  the  coal  chute,  D, 
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and  protected.     If  the  shaft  (3)  revolves  in  the  opposite  direction  to 
that  of  the  hands  of  a  watch,  tlie  shaft  (12)  will  be  above  its  medial 
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position  when  moving  forward,  while  (II)  will  be  below  Its  medial 
position  when  moving  backwards.     In  consequence,  all  the  half-bars 
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carried  by  (12)  will  be  above  tlio.se  carried  by  (11)  when  moving 
forward,  and  below  when  moving  back  ;  while  at  the  beginning  and 
end  of  each  forward  motion  they  will  be  on  a  level.  The  result  is, 
that  a  lump  large  enough  to  straddle  two  half-bars  of  the  same  sys- 
tem will  be  raised  by  one  set  of  half-bars,  moved  forward  three  inches 
and  deposited  on  the  other  set  at  the  end  of  the  stroke,  and  will  then 
be  raised,  moved  forward  and  deposited  on  the  first.  In  this  way 
the  coal  will  be  moved  forward  six  inches  for  each  revolution,  until 
it  tumbles  off  at  the  end.  It  must  be  observed,  however,  that 
although  the  upper  part  (27)  does  not  rise  when  the  half-bar  moves 
forward,  the  part  (35)  is  carried  upwards  a  little,  advances  beyond 
its  adjoining  half,  which  is  moving  backward,  and  thus  pushes  the 
coal  forward.  All  the  working-parts,  except  the  portion  of  the  bars 
used  for  screening  and  the  supporting  shafts  (11)  and  (12)  are  either 
covered,  as  is  (28),  or  are  on  the  outsides  of  the  iron  sides  (39)  of 
the  coal-chute.  The  bars  are  immediately  over  the  mud-screen 
pocket,  H,  into  which  all  the  coal  falls  freely.  Shafts  (11)  and  (12) 
must  be  far  enough  apart  to  allow  the  large  lumps  passing  through 
the  bars  to  fall  below  them. 

The  essential  difference  between  this  construction  and  that  of  the 
Briart  bar  is,  that  in  the  latter  the  supporting  shafts  are  driven  di- 
rectly by  eccentrics,  which  involves  the  necessity  of  having  the  shafts 
which  carry  the  bars,  rise  and  fall,  the  same  distance  as  they  move  for- 
ward, while  in  this  construction  they  only  move  up  and  down  half  as 
much  as  they  move  forward.  It  was  found  that,  with  the  Briart  con- 
struction, the  coal  was  thrown  up  and  down  too  much  when  it  was 
fed  forward  with  any  rapidity. 

Fixed  Soreetis. — In  the  sizing-apparatus  of  the  second  class,  how- 
ever, as  has  been  already  observed,  the  ratio  of  the  length  to  the  width 
of  the  openings  in  the  screen  approaches  unity.  The  screen  may  be 
either  fixed  or  movable.  The  former  consists  simply  ofan  inclined  plane, 
formed  either  of  woven  wire  screens,  or  punched  or  cast  plates  with 
round,  square,  elliptical  etc.,  holes.  The  coal  in  this  case  is  allowed 
to  slide  or  roll  by  gravity,  not  too  rapidly,  down  this  plane.  The 
larger  pieces  pass  over  and  the  smaller  fall  through.  By  placing 
several  screens  with  openings  of  decreasing  size  underneath  one 
another,  or  a  series  with  openings  of  increasing  size,  in  the  same 
chute  below  one  another,  any  desired  number  of  sizes  can  be  made. 
The  objection  to  these  is  that  their  capacity  is  limited,  the  sizing  is 
imperfect,  and  the  screens  clog  more  or  less.  In  the  iron  breaker 
they  are  used  for  the  following  reason  in  certain  cases. 
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While  the  coal  is  handled  or  moved  in  the  breaker,  a  certain  pro- 
portion of  small  pieces  always  breaks  off,  so  that  when  the  coal  is 
loaded  from  the  pockets  into  the  cars  it  is  necessary  to  take  out  this 
finer  coal.  This  is  done  by  allowing  the  coal  to  pass  over  a  fixed 
screen  just  before  entering  the  railroad  car.  A  number  of  devices 
have  been  used  for  this  purpose;  but  the  most  satisfactory  at  present 
is  the  one  suggested  to  us  by  Mr.  Irving  A.  Stearns,  of  M'^ilkes- 
Barre,  which  is  simply  a  steel  plate  punched  with  holes  twice  as 
long  as  they  are  wide,  and  the  longer  axis  of  each  hole  lying  in 

Plate  VIII. 
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Single  Gyrating  Screen — Front  Elevation. 


the  direction  in  which  the  coal  slides  into  the  car.  Although  these 
holes  are  now  generally  made  with  one  punch,  their  size  and  shape 
can  be  understood  best  by  reference  to  the  manner  in  which  they 
were  originally  made.  Two  cylindrical  holes  of  exactly  the  same 
diameter  were  punched  so  that  the  circles  were  tangent  to  each  other, 
and  the  two  centers  of  the  circles  in  a  line  parallel  to  the  axis  of  the 
chute.  Then  two  pieces  were  punched  out  so  as  to  leave  two  sides 
continuous  and  parallel  to  the  line  joining  the  two  centers;  the  hole 
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thus  formed  consisting  of  a  square  of  the  diameter  of  the  circular 
holes,  terminated  at  the  upper  and  lower  ends  by  a  serai-circular 
space.  These  punched  plates  are  placed  just  below  the  gates  to  the 
pockets,  in  the  chute  leading  to  the  car.  What  falls  through  is 
taken  by  a  conveyor  to  the  main  screening-conveyor,  which  loads  it 
into  a  mine-car,  to  be  hoisted  to  the  top  of  the  breaker,  as  will  be 
explained  below. 

Movable  Screens. — The  movable  screens  are  among  the  most  impor- 
tant parts  of  a  breaker.  They  are  of  two  types.  In  the  first  type  the 
screening-surface  forms  a  cylinder  and  revolves  about  its  axis.  This 
form  of  screen  has  been  often  described,  and  is  used  in  almost  all  the 
anthracite  collieries ;  I  need  barely  refer  to  it  here.  In  the  other  type 
the  screening-surface  is  approximately  horizontal,  and  the  motion 
and  action  is  very  similar  to  that  of  an  ordinary  hand-sieve.  In 
many  cases  the  screen  is  moved  backward  and  forward  in  an  ap- 
j)roxiraately  horizontal  plane.  This  motion,  combined  with  the  in- 
clination of  the  sieve,  causes  the  coal  which  is  fed  on  the  higher  part 
of  the  screen  to  travel  gradually  across  it,  allowing  the  smaller  par- 
ticles to  fall  through.  This  form  has  in  many  ca'^es  been  adopted 
for  small  coals,  and  has  long  been  used  in  metal  mining.  In  other 
cases  the  approximately  horizontal  screen  receives  a  gyratory  motion, 
like  the  motion  a  moulder  gives  to  his  sieve  when  screening  his 
sand.  This  is  the  type  of  screen  used  in  the  iron  breaker.  Its  great 
advantage  is  that  the  whole  surface  of  the  screen  is  constantlv  in 
action,  while,  in  the  revolving  screen  of  say  5  feet  in  diameter,  only 
about  8  inches  of  the  16  feet  circumference  is  at  any  one  time  in 
action,  unless  the  screen  is  overcrowded,  and  the  revolving  of  the 
screen  acts  like  an  elevator  and  tends  to  throw  the  coal  back  into 
the  screen. 

The  problem  of  constructing  a  gyrating  screen,  when  the  screen  is 
to  be  large  and  must  make  a  great  number  of  sizes,  is  to  support  it  in 
such  a  manner  that  it  will  gyrate  easily  and  safely,  and,  at  the  same 
time,  that  it  will  be  self-contained,  so  that  the  centrifugal  force  will 
be  counterbalanced  and  will  not  shake  the  building.  This  has 
been  done  successfully. 

The  method  consists  essentially  in  supporting  one  horizontal  plate 
upon  another  by  means  of  three  or  more  double  cones,  while  the 
motion  of  gyration  is  given  to  the  upper  plate  by  a  crank  upon  a 
shaft  passing  through  and  journalled  in  the  lower  plate,  as  shown  in 
Plate  V.  The  cones  roll  freely  in  a  prescribed  path  on  the  lower 
plate,  while  the  upper  plate  moves  upon  the  other  end  of  the  double 
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cone,  its  relative  motion  to  that  of  the  cone  being  the  same  as  that  of 
the  bottom  plate.  The  result  is  that  every  point  on  the  upper  plate 
describes  a  circle  of  the  same  diameter  (in  coal-screens  generally 
about  4  inches),  but  no  two  circles  have  the  same  center. 
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The  cones  may  be  guided  in  various  ways.  In  Plate  VI.,  the 
upper  right-hand  drawing  represents  on  a  larger  scale  the  cone  shown 
in  Plate  V.     Upon  the  upper  and  lower  plate  there  is  an  annular. 
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truncated  V-shaped  track  which  fits  into  a  corresponding  groove  in 
the  cone.  These  cones  and  track?  are  cast  in  chills,  and  there  is  no 
work  of  any  consequence  required  to  finish  them. 

In  the  upper  left-hand  drawing  of  Plate  VI.,  the  guiding  is  done 
by  an  annular  groove  in  the  running-plate  and  a  corresponding 
annular  enlargement  of  the  cone  at  the  outer  edge.  When,  how- 
ever, the  screens  are  run  at  high  speed,  there  is  a  tendency  in  the 
double  cone  to  fly  from  the  center ;  the  surface,  therefore,  on  which 
the  cones  roll,  is  sometimes  made  conical,  so  that  the  weight  of  the 
gcreen  has  a  tendency  to  force  the  cone  towards  the  center,  thus  coun- 
teracting the  centrifugal  force  to  a  great  extent.  In  this  type  the 
circumferential  surface  of  the  enlargement  is  very  broad  and  has  a 
good  bearing  against  the  outer  surface  of  the  groove  in  the  running- 
plates.  This  form  of  cone  is  well  suited  to  resist  any  tendency  of 
the  centrifugal  force  to  throw  it  out.  The  two  lower  drawings, 
Plate  VI.,  represent  other  types  of  cones  in  which  the  guiding  is 
done  by  a  ball-and-socket  joint  at  the  two  points  of  the  cones. 
Both  the  running-plates  and  cones  in  this  type  are  made  in  the  lathe, 
and  are  all  fitted  to  gauge.  The  same  precautions  are  taken  in  the 
lower  right  cut  as  in  the  upper  left  cut,  to  counteract  the  effect  of 
the  centrifugal  force. 

All  these  forms  are  working  well  in  practice.  The  radius  of  the 
circle  of  gyration  (which  is  the  same  as  the  length  of  the  driving- 
crank)  is  determined  by  the  length  of  the  axis  of  the  double  cone 
and  the  angle  formed  by  its  axis  with  a  vertical  line  when  the 
machine  is  running.  Thus  (see  Plate  V.),  r  =  BA  sin  BAG. 
With  coal,r  is  generally  2  inches. 

Plates  VI.,  VII.,  VIII.  and  IX.  show  the  single  gyrating 
screen,  the  first  type  of  this  screen  constructed  and  used.  A  large 
number  of  them  are  now  running  at  several  of  the  Cross  Creek 
collieries.  The  lower  plate  of  the  gyrating  mechanism,  Plate  V., 
has  become  a  box  bed-plate  (Plate  IX.)  or  a  U  bed-plate  (Plates 
VII.  and  VIII.),  and  the  upper  plate  a  screen-box.  On  the 
shaft  shown  in  the  bed-plate  a  pulley  is  placed  to  drive  the 
screen.  The  large  wheel  shown  between  the  screen-box  and  the 
bed-plate  is  counter-weighted  to  balance  the  centrifugal  force  of  the 
screen-box.  Above  this  wheel  is  a  crank  to  drive  the  screen- 
box.  The  box  is  4  feet  wide  and  6  feet  long,  inside  measurement, 
giving  24  square  feet  of  screen-surface  per  shelf  The  number  of 
shelves  in  this  type  varies  from  2  to  6,  depending  upon  the  size  of 
material  to  be  screened.  The  smaller  the  size  of  coal,  the  closer  to 
each  other  the  shelves  can  be  put.     The  boxes  are  made  from  1  foot 
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to  2  feet  deep.  Plate  X.  shows  the  double  gyrating  screen  as  origi- 
nally constructed.  The  counterweight  was  done  away  with,  the  one 
screen  balancing  the  other,  and  the  whole  machine  being  self-con- 
tained. The  two  screens  were  driven  by  two  parallel  vertical  shafts, 
each  shaft  having  two  eccentrics  upon  it  close  together,  and  placed 
exactly  180°  apart,  as  shown  in  Plate  V. 

In  this  case  the  tendency  of  the  centrifugal  force  of  the  right 
screen  is  to  pull  the  two  shafts  exactly  in  the  opposite  direction  to 
that  in  which  they  are  pulled  by  the  left-hand  screen.  Each  screen, 
being  driven  by  means  of  two  eccentric  boxes  placed  about  4  feet 
apart,  must  describe  the  prescribed  path ;  and  there  is  little  or  no 
work  done  by  the  cones  in  guiding  the  box,  which  is  not  the  case 
when  the  screen  is  driven  by  a  single  crank. 

The  double  screen  constructed  in  this  manner*  did  not  give  satis- 
faction, as  it  was  found  that  when  the  number  of  gyrations  per 
minute  exceeded  110  to  120  (depending  on  the  weight  of  the  screen- 
box)  a  very  serious  shaking  set  in.  This  was  due  to  the  fact  that, 
when  the  two  screen-boxes  were  farthest  from  the  line  joining  the 
center  of  the  shafts,  they  moved  in  opposite  directions,  producing  a 
conflict  tending  to  turn  the  whole  machine  around  a  vertical  line 
through  its  center  of  gravity,  causing  great  strains  upon  the  eccentric- 
boxes  and  the  bolts  attaching  the  eccentrics  to  them.  It  was  also 
found  that  the  best  results  in  screening  were  obtained  at  from  140  to 
145  gyrations  per  minute.  Therefore,  a  comparatively  light  counter- 
balance was  put  on  a  shaft  connected  to  the  outside  of  each  box, 
•  which  removed  the  difficulty  and  allowed  the  screens  to  be  run 
smoothly  at  the  required  speed.  It  was  also  demonstrated  that  it 
was  necessary  for  the  counterbalance  to  be  driven  by  belting  at  the 
proper  speed,  instead  of  being  simply  carried  along  by  the  screen- 
box.  The  reason  of  this  is  that,  as  there  is  always  a  little  play  be- 
tween the  bearing  on  the  box  and  the  crank-pin  of  the  counter- 
weight, a  jar  is  occasioned  at  each  change,  which  does  not  occur 
when  the  counterweight  is  driven  by  a  belt. 

Plate  XI.  shows  the  screen  as  now  constructed ;  (30)  being 
the  driving-pulley,  (7)  the  eccentric-shafts,  (16)  the  pulleys  on 
counterweight-shafts,  (6)  those  on  the  eccentric-shafts.  In  order  to 
drive  all  the  four  shafts  exactly  in  unison  two  belts  are  used,  one  of 
which  passes  round  the  two  pulleys  (6),  and  the  right-hand  pulley 
(16).     The  left-hand   pulley  (16)  is  covered  with  one  thickness  of 

*  A  Rttiall  portion  of  this  description  has  already  been  given  in  London  Engi- 
neering. 


iimeers.- 


JX.^l'^i^'i— .^^^^    difinio  8H0flaii« 


Ip  ol 


(1^ 


[]■ 


.^ 


42     4S  Incnes 


21-    - 


Jo- 


an, Front  an    .-pit  i. 


Double  Gyrating  Screen  :   Pliin,  Front  nnd  Side  Elevati 


THE    IRON    BREAKER   AT    DRIFTON. 


413 


belting  (23),  which  passes  around  all  four  pulleys.  The  first  belt 
passes  around  three  pulleys,  which  are  of  the  same  size,  but  under 
the  second  belt. 

Plate  XIII.  > 
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Since  the  adoption  of  these  improvements,  the  screen  runs  very 
smoothly,  and  there  has  been  no  difficulty  in  building  the  boxes  high 
enough  to  make  nine  sizes  of  coal  in  one  box. 

Plate  XII.  is  from  a  photograph  of  the  screen,  recently  constructed, 
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which  makes  nine  sizes,  and  has  three  gyrating  shite-pickers,  namely, 
for  stove,  small  stove  and  chestnut.  When  the  screen  runs  at  a 
proper  speed,  the  inclination  required  to  pass  the  coal  over  the  surface 
of  the  screen  is  very  slight,  namely  : 

For  uppermost  or  steamboat  screen,         .         .         I  inches  to  tlie  foot. 
"     next  lower  or  broken  "  .         .         g         "         " 


or  egg 

, 

8 

or  fitove 

i( 

1 

8 

or  chestnut 

It 

5 
1^ 

or  pea 

" 

•             I'e 

or  No.  1  buck 

wheat, 

■              1% 

or  No.  2 

" 

2. 
4 

or  No.  3 

« 

1 

Bottom  of  box, 

dirt. 

. 

■    n 

When  first  constructed,  much  larger  inclinations  vs^ere  given  to  the 
screening-plates.  The  boxes  in  this  case  are  5  feet  wide,  6  feet  long, 
and  from  2  feet  to  4  feet  high  (inside  measurements.)  From  4  to 
8  shelves  are  put  in,  making  from  5  to  9  sizes.  The  screen  shown 
in  Plates  X.and  XII.  weighs,  with  l)ed-])late,  10  tons.  The  screen- 
ing-surfaces have  always  circular  holes,  varying  from  5^  inches  to  Jg- 
inch  in  diameter.  Cast-iron  is  sometimes  used  when  the  holes  are 
large,  but  punched  steel  is  now  preferred,  being  much  lighter. 
Copper  is  used  for  small  sizes  when  the  water  is  very  acid. 

About  twenty  different  sizes  of  holes  Ijave  been  used  with  coal  to 
suit  different  circumstances.  The  sheet-iron  lips  at  the  lower  end 
of  the  boxes  are  constructed  to  suit  each  particular  case,  so  as  to  dis- 
charge the  coal  on  either  sideof  box  orat  any  required  point  in  front. 
There  is  no  clogging  of  the  holes,  as  would  at  first  seem  likely.  The 
circular  form  of  the  holes,  and  the  tendency  of  the  pieces  of  coal  to 
move  in  a  small  circle,  causes  the  holes  to  clear  themselves  without 
difficulty. 

MachIxXERy  For  Breaking  Coal. 

For  breaking  up  the  coal  two  methods  are  used.  When  the  lumps 
are  large  and  the  pieces  of  slate  attached  to  them  are  of  such  a 
character  as  to  render  it  economical,  the  larger  lumps  are  broken  by 
hand,  the  men  using  picks  made  for  that  purpose.  In  this  way 
large  pieces  of  pure  coal  or  pure  slate  can  often  be  obtained  ;  but  by 
far  the  larger  portion  of  the  breaking  is  done  by  rolls,  the  usual  con- 
struction of  which  is  well  known. 

I  shall,  therefore,  only  describe  the  rolls  used  at  the  Cross  Creek 
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collieries,  which  differ  in  one  point  from  those  generally  a(loj)ted. 
The  difference  is  in  the  form  of  the  teeth.  The  rolls  used  are  known 
as  corrugated  rolls,  and  the  teeth  are  continuous  from  one  end  to  the 


Platk  XIV. 
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Fixed-Dif^tance  Corrugated  Rolls. 

Other.     There  are  no  points.     The  end  of  the  tooth   is  slightly- 
rounded  and  the  part  doing  the  work  is  cast  in  chills,  so  as  to  give 
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greater  endurance.  The  principle  upon  which  these  rolls  act  may 
be  explained  as  follows  :  ' 

In  the  operation  of  a  roll  as  ord'narily  constructed,  i.e.,  with 
pointed  teeth,  the  point  of  one  of  the  teeth  inserts  itself  into  a  lunop 
of  coal  which  is  passing  through  the  rolls,  and  breaks  it  very  much 
as  the  stroke  of  a  pick  would  do;  that  is,  the  lines  of  fracture 
radiate  approximately  from  the  point  where  the  tooth  strikes  the 
lump  of  coal.  If  two  pieces  of  round  iron  are  placed  parallel  to  one 
another,  and  at  such  a  distance  apart  that  a  piece  of  coal  will  just 
be  supported  by  them,  and  if  a  third  piece  of  round  iron,  placed 
midway  between  and  in  a  direction  parallel  to  and  above  the  other 
two,  is  then  brought  down  upon  the  coal,  the  piece  of  coal  will  break 
near  the  middle  like  a  piece  of  wood  subjected  to  a  load  in  the 
middle  too  great  for  it  to  bear.  The  result  of  this  action  is  gener- 
ally to  break  the  lump  into  two  pieces  of  nearly  the  same  size.  This 
is  the  result  sought  to  be  attained  with  the  corrugated  rolls,  and  it 
is  for  this  reason  that  the  plan  referred  to  below,  of  breaking  from 
one  size  as  far  as  possible  into  the  next  size  below,  has  been  adopted. 

We  use  one  size  of  rolls  for  breaking  lump  into  steamer,  another  for 
breaking  steamer  into  broken,  another  for  breaking  broken  into  egg, 
another  for  breaking  egg  into  stove,  a  fifth  for  breaking  stove  into 
chestnut,  and  a  sixth  for  breaking  chestnut  into  pea-coal.  We  also 
make  special  sizes  for  special  purposes.  Experiment  has  taught  us 
that,  although  all  sizes  below  the  size  which  is  being  broken  are 
always  made,  yet  the  most  economical  method  is  to  break  any  size 
as  nearly  as  possible  into  the  size  immediately  below  it;  in  other 
words,  that  it  is  more  economical  to  break  your  lump  as  far  as  possi- 
ble into  steamer,  then  break  your  steamer  as  far  as  possible  into 
broken,  your  broken  into  egg,  and  so  on ;  of  course  at  each  time 
eliminating  all  the  coal  below  the  size  that  you  wish  to  break,  before 
j)assing  that  size  through  the  rolls.  If  a  piece  of  any  size  is  simply 
broken  as  nearly  as  possible  in  two,  for  the  next  size,  the  amount 
of  small  coal  made  is  very  much  less  than  if  the  same  piece  were 
struck  near  the  center  with  a  pick  and  broken  into  a  number  of  frag- 
ments. Our  old  practice,  which  has  not  entirely  disappeared,  was 
to  arrange  the  rolls  in  such  a  manner  that  by  putting  them  further 
apart  or  closer  together,  we  could  increase  or  decrease  the  quantity 
of  the  larger  sizes  of  coal.  But  where  arrangements  are  made  to 
break  the  sizes  successively,  it  is  not  necessary  to  change  the  distance 
between  the  centers  of  the  shafts  of  the  rolls  after  the  proper  distance 
for  mos-  economical  breaking  has  once  been  determined.  Plate  XIII. 
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is  a  drawing  of  our  large  rolls,  with  the  bed-plates,  which  we  have  used 
for  our  lump  and  steamer.  In  these,  as  will  be  observed,  there  is 
an  arrangement  for  changing  the  distance  between  the  rolls  while 
they  are  running  (when  this  change  is  grefit,  it  is  necessary  to  use 
gear-wheels  of  greater  or  smaller  diameter),  and  also  a  breaking- 
piece  (15)  which  would  be  crushed  in  case  a  piece  of  rock  or  iron 
should  go  through  the  rolls.  The  bending  of  the  shaft  is  thus  avoided. 
This  disposition  of  the  bed-plates  is  well  known,  and  has  been  used 
for  many  years.  It  was  originally  designed  by  Mr.  David  Clark, 
of  Hazleton,  and  is  described  by  Mr.  H.  M.  Chance  in  volume  A 
C,  Second  Geological  Survey  of  Pennsylvania.  Plate  XIV.  shows  the 
style  of  bed-plate  used  for  all  rolls  smaller  than  our  steamboat-rolls. 
In  this  case  the  pedestals  are  fixed,  and  when  it  has  once  been  deter- 
mined what  is  the  proper  distance  between  the  shafts,  no  arrangement 
is  made  to  change  their  relative  position,  except  by  changing  the  keys 
which  regulate  the  distance  between  the  pedestals.  Plate  XV.  shows 
a  set  of  taper-rolls,  which  are  used  where  a  small  quantity  of  a  num- 
ber of  different  sizes  is  to  be  broken  up  at  once.  At  the  upper  or  larger 
end  the  rolls  will  take  steamboat;  a  little  further  from  the  end  they 
will  take  broken  ;  a  little  further,  they  will  take  egg;  and  a  little 
further,  stove.  When  the  coal  to  be  broken  up  is  of  different  sizes, 
and  the  quantity  not  large,  these  rolls  may  be  economical  ;  but 
the  tendency  of  our  practice  is  to  increase  the  number  of  rolls,  having 
a  different  roll  for  each  size  to  be  broken.  Plate  XVI,  shows  the 
cross-section  of  the  teeth  and  a  portion  of  the  body  of  the  roll.  The 
largest  is  the  lump-roll,  the  second  is  the  steamboat,  the  third  the 
broken,  the  fourth  the  egg,  the  fifth  the  stove,  and  the  sixth  the 
chestnut.  Of  course  it  is  not  usual  to  break  up  either  stove  or 
chestnut-coal  except  when  it  is  very  flat,  and  therefore  not  market- 
able, or  slaty  or  bony.  In  this  case  it  is  broken  up  into  smaller  sizes 
and  prepared  by  jigging,  etc. 

The  Slate-Picking  Chutes. 
Originally,  the  coal  coming  from  the  screens  passed  down  a  simple 
chute,  or  trough,  and  the  men  or  boys  were  placed  either  above  or 
alongside  of  it,  picking  out  the  slate  as  the  coal  passed  by.     There 
are  three  objections  to  this  : 

1.  When  a  large  quantity  of  coal  is  passing,  the  men  can  really 
only  pick  out  the  slate  on  top,  much  slate  being  hidden. 

2.  One  and  the  .same  piece  of  coal,  having  a  slaty  appearance 
may  be  picked  up  by  each  slate-picker,  in  succession,  and  returned 
to  the  chute. 
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3.  It  is  very  difficult  to  judge  of  the  amount  of  work  done  by  each 
slate-picker. 
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For  these  reasons,  a  different  type  of  picking-chute  has  been 
adopted,  as  shown  in  Plates  XVII.,  XVIII.  and  XIX.  It  con- 
sists essentially,  1st,  of  a  supply-chute  (8),  Plates  XVIII.  and  XIX., 
which  receives  the  slaty  coal;  2d,  of  the  intermediate  chutes,  I  and 
Ij,  Plates  XVII.  and  XVIII.,  where  the  picking  is  done;  and 
3d,  of  the  delivery-chutes  (10),  Plates  XVIII.  and  XIX.,  which 
carry  off  the  coal  picked  over.  The  coal  from  the  screen  or  jig 
slides,  as  shown  by  the  arrows,  down  the  suj)ply-chute  (8),  on  each 
side  of  which  the  intermediates,  I  and  I^,  are  placed,  as  close  to 
each  other  as  possible,  there  being  room  (14)  enough  between  each 
two  picking-chutes  for  a  man  or  boy.  At  the  other  end  of  the  in- 
termediate is  the  delivery-chute  (10).  The  supply-  and  delivery- 
chutes  have  the  same  inclination,  but  the  former  is  a  little  the  higher, 
so  as  to  give  a  slight  inclination  to  the  intermediate,  the  axis  of 
which  is  placed  at  an  angle  of  about  8  to  10  degrees  with  the  hori- 
zontal, and  25  to  28  degrees  with  the  supply-chute.  The  slate- 
picker,  who  sits  with  his  face  towards  the  upper  end  of  the  chute, 
causes  a  thin  stream  of  coal  to  pass  in  front  of  him,  cleaning  it 
thoroughly  as  it  passes.  The  same  coal  is  handled  by  one  man  only, 
with  this  exception,  that  one  or  two  men  are  placed  at  the  end  of 
the  delivery-chute  to  inspect  the  coal,  and  take  out  any  pieces  of 
slate  which  may  have  escaped  the  regular  pickers.  Immediately  over 
the  supply-chute,  and  supported  on  iron  rods,  is  the  half-round  slate- 
chute,  into  which  the  pickers  throw  their  slate,  slate-coal,  etc.  This 
continues  to  the  bottom,  where  it  is  examined,  and  the  slate-coal  is 
picked  out  and  taken  to  the  rolls  to  be  broken  up  and  prepared. 
This  style  of  picking-chute  is  suited  for  broken,  egg,  stove,  and 
chestnut-coal ;  for  broken  coal,  I,  Plate  XVIII. ,  and  for  egg  and 
stove-coal,  Ij,  Plate  XVII.,  are  used.  For  steamboat  coal  an  analo- 
gous form  is  employed,  the  supply-chute  being  larger,  and  the  pick- 
ing-chute longer,  steeper,  and  narrower,  only  one  lump  at  a  time 
coming  down  the  chute.  The  steamboat-chutes  are  generally  single, 
that  is,  the  supply-chute  has  intermediates  on  one  side  only.  The 
other  chutes  are  also  sometimes  made  single  for  local  reasons. 

The  Jigs  Used  for  the  Larger  Coai^. 
These  jigs,  of  which  there  are  twelve  in  the  breaker,  area  modifica- 
tion of  the  Luhrig  jig.  They  may  be  divided  into  two  parts,  the 
upper  being  the  machinery  for  moving  the  piston,  and  the  lywcr 
the  jig  proper.  In  constructing  them  a  tank  is  built  long  enough 
for  the  number  of  jigs  desired.     This  is  made  water-tight  on   the 
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outside,  and  divided  by  partitions  which  need  only  he  approximately 
water-tight,  as  there  is  water  on  both  sides  of  them.  The  jigs  are 
built  in  pairs,  being  about  5  feet  wide  and  6  feet  long,  so  as  to  give 
a  piston  5  feet  by  3  feet.  Pulley  (43),  Plate  XX.,  is  a  heavy  fly- 
wheel pulley,  and  is  driven  by  a  pulley  on  the  line-shaft  of  the 
jigs.  Th^  jig-pulleys  are  all  alike,  and  the  pulley  on  the  line- 
shaft  is  arranged  so  as  to  give  the  proper  speed  to  the  plunger 
(40).  Through  the  pulley  (43)  passes  the  counter-  or  driving-shaft 
(49),  at  each  end  of  which  there  is  a  crank-disk  (45),  the  crank- 
pin  (48)  being  so  arranged  as  to  slide  from  the  center  outwards. 
By  thus  sliding  the  crank-pin  (48),  the  stroke  can  be  increased 
from  nothing  to  6  inches.  Around  the  crank-pin  there  is  a 
square  block  (47),  which  slides  in  the  slotted  arm  (44).  As  the 
crank-disk  revolves  it  gives  the  slotted  arm  (44),  which  is  on  the 
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shaft  (50),  a  motion  like  that  of  a  pump-handle,  which  is  com- 
municated through  the  shaft  to  the  two  plunger  arms  (46),  connected 
with  the  plungers  (40).  In  consequence  of  the  sliding  of  the  crank- 
pin  in  the  slotted  arm,  the  motion  upward  of  the  plunger-rod  is  at  a 
different  rate  of  speed  from  that  downwards.  The  object  of  this  is 
to  force  the  plunger  rapidly  down,  lifting  the  coal  quickly,  and 
allowing  it  to  settle  slowly.  By  running  the  fly-wheel  pulley  in  the 
opposite  direction  to  the  hands  of  a  watch,  this  effect  is  produced,  the 
piston  descending  more  rapidly  than  it  ascends.  The  jigs  are  ar- 
ranged in  such  a  way  that,  while  the  piston  of  onejig  is  rising,  that 
of  the  other  of  the  same  pair  is  falling.  This  diminishes  the  shock 
upon  the  machinery,  since,  to  a  certain  extent,  they  counterbalance 
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each  other.  As  the  principal  work  is  done  in  forcing  the  plunger 
downwards,  the  plunger  and  plunger-rods  are  made  v^ery  heavy,  thus 
equalizing,  more  or  less  nearly,  the  work  during  a  revolution.  The 
lower  part  of  the  plunger-rod  (41)  is  made  of  cast-iron,  the  upper  part 
of  two  wrouglit-iron  straps  (42),  which  are  welded  together  on  top 
and  are  kept  apart  by  a  piece  of  wood  which  is  bolted  between  them. 
The  jig  consists  essentially  of  a  wooden  box,  lined  with  iron  plates 
at  (2),  where  the  plunger  works,  and  also  at  (5)  and  (7),  where  the 
coal  is  put.  In  order  to  guide  the  water  from  the  plunger  to  the 
jig  a  semi-circular  row  of  planks  is  put  in.  These  need  not  be  ab- 
solutely water-tight,  as  they  are  simply  intended  to  direct  the  cur- 
rent. The  coal  enters  at  (5).  The  adjustable  plate  (6)  is  put  with 
its  lower  end  as  near  the  bottom  of  the  jig  as  possible,  consistent 
with  a  free  discharge  of  the  coal  to  be  jigged.  The  coal  passes  out 
under  this,  over  the  perforated  plates  (37),  which  are  supported  by 
the  bar  (4)  in  the  center,  and  by  supports  bolted  to  the  sides.  The 
coal,  rising  to  the  top,  is  skimmed  off  by  a  series  of  flat  strips  of 
iron,  carried  on  two  rows  of  Ewart  link-belt  chain  running  over 
(34).  As  the  coal  is  scraped  up  the  inclined  plane  (33)  the  water 
drains  back.  At  the  top  of  this  inclined  plane  is  a  small  flat,  cov- 
ered with  iron,  which  is  nearly  horizontal,  but  inclines  slightly 
towards  the  jig.  The  coal  forms  here  a  pile,  and  the  water  drains 
from  it  back  to  the  jig.  As  each  successive  quantity  of  coal  is 
brought  up  by  the  flights  on  the  chain  it  pushes  a  corresponding 
quantity,  which  has  been  drained,  off  the  other  side  down  the  chute, 
where  it  goes  either  to  the  picking-chutes  to  be  picked,  or  directly 
to  the  pocket,  if  it  is  (as  in  the  case  of  the  small  sizes)  already  clean 
enough.  The  opening  (10),  through  which  the  slate  passes,  is  regu- 
lated by  elevating  or  depressing  the  plate  (31),  so  arranged  as  to  allow 
the  largest  piece  of  slate  to  pass  under  it.  To  the  left  of  this  plate 
(31)  the  bottom  slopes  in  all  directions  to  the  gate  (11),  which  gener- 
ally remains  open,  but  which  can  be  closed  by  the  lever  attached  to  the 
bell-crank  (17).  Outside  of  this  gate  is  a  cast-iron  flat  pipe  or  slate- 
hopper  (9),  which  is  closed  by  the  wedge-shaped  slide  (15),  upon  the 
upper  surface  of  which  is  a  piece  of  oak  (14).  Slide  (15)  moves  in 
a  casting  (13),  which  has  on  each  side  a  taper  groove.  When  the 
slide  (15)  is  pushed  through  this  opening  in  (13)  the  wedging  action 
of  the  taper  grooves  forces  the  wood  against  the  face  of  (13),  which 
is  planed  and  bolted  to  (9).  This  makes  an  excellent  gate  for  closing 
the  hopper,  allowing  neither  water  nor  slate  to  escape.  If  the  clos- 
ing is  not  perfect,  on  account  of  something  catching  in  the  slide,  it 
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is  simply  pulled  back  and  pushed  in  again.     A  similar  arrangement 
at  (19)  and  (20)  lets  out  the  slime  and  fine  coal  which  accumulate  in 
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the  bottom  of  the  jig.     The  gate  (11)  is  closed  by  forcing  it  up  in 
the  frame  (10).     This  cuts  off  both  the  water  and  slate  from  the 
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hopper  (9).  When  this  has  been  done,  (15)  is  drawn  out,  and  the 
water  and  slate  fall  upon  the  inclined  plane  (22)  and  slide  down  to 
a  point  over  (27).  Here  the  water  drains  into  the  drag-trough  (29), 
and  the  men  who  stand  at  the  right  of  (23)  pull  the  slate  over  the 
edge  of  (23),  allowing  it  to  drop  onto  (24),  and  thence  into  the  drag ; 
while  whatever  coal  may  have  come  out  with  the  slate  is  picked  out 
and  run,  either  directly  to  the  pocket,  or  placed  in  boxes  and  car- 
ried there.  At  about  the  water-line  of  the  jigs  there  are  holes  cut 
through  the  wooden  partition,  so  as  to  allow  the  water  to  flow  from 
one  jig  to  the  other,  and  thus  maintain  a  uniform  level.  The  jigs 
are  managed  as  follows  : 

One  or  more  men,  according  to  the  number  of  jigs,  are  placed 
between  the  timbers  overhead  carrying  the  running  mechanism  and 
the  top  of  the  jig.  It  is  their  duty  to  see  that  the  wat^r  is  kept  at 
the  proper  level,  that  the  jigs  and  draws  are  working  properly,  and 
that  the  coal  is  uniformly  distributed  to  the  different  jigs.  The 
men  who  manage  the  other  part  of  the  jigs  stand  at  the  right  of 
(24),  and,  by  means  of  the  lever  (21)  discharge  the  slime  at  the 
bottom.  AVhen  too  great  a  quantity  accumulates  in  the  tank  they 
close  the  gate  (11)  by  means  of  the  lever  (19)  and  allow  the  slate 
to  come  out  by  means  of  the  lever  (16).  As  the  slate  is  taken  out 
it  is  inspected  ;  the  coal  is  taken  out,  and  if  the  jig  is  not  working 
properly,  as  shown  by  the  slate  discharge,  they  notify  the  foreman 
in  charge  of  the  jigs.  The  man  on  top  is  also  to  see  that  the  coal 
coming  out  of  the  jig  is  as  clean  as  can  be  expected.  If  too  much 
slate  comes  with  the  coal,  there  is  something  wrong  with  the  jig, 
and  it  is  his  duty  to  notify  the  foreman. 

The  shaft  (53)  which  drives  the  elevators  is  continuous  along  the 
whole  length  of  the  jig-house.  The  arms  (35)  which  support  the 
sprocket-wheels  at  the  lower  end,  are  so  arranged  at  the  upper  end 
(36)  that  they  can  be  lifted  up  and  turned  around  the  shaft,  so  that  if 
necessary  (as  if  the  coal  for  any  reason  should  accumulate  at  the 
bottom)  the  sprocket-wheels  (34)  can  raise  themselves,  or  be  raised 
without  causing  the  stoppage  of  any  of  the  rest  of  the  machinery. 

Automatic  Slate-Picker. 
This  depends  for  its  action  upon  the  fact  that  while  the  coal  gener- 
ally breaks  into  cubical  masses,  the  pieces  of  slate  of  the  same  length 
and  width  are  of  very  much  less  thickness.  Hence,  if  a  quantity  of 
slate  and  coal  which  has  been  passed  through  a  screen  and  properly 
sized,  the  slate,  if  placed  edgewise,  would  drop  through  a  slit  over 
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which  the  coal  would  pass.  There  are  two  types  of  automatic  slate- 
pickers,  one  intended  to  be  placed  in  a  chute  and  to  be  fixed,  and  the 
other  to  be  placed  in  the  discharge-lip  of  a  gy rating-screen  and 
gyrated. 

The  fixed  slate-picker,  Plate  XXI.,  which  is  of  iron  cast  in  one 
piece,  consists  essentially  of  a  series  of  V-troughs,  one  side  of  the  V 
being  shorter  and  at  right  angles  to  the  other.  The  lower  half  of 
the  casting  has  a  taper  slit  (4)  in  the  short  side.  The  slit  is  so 
arranged  that  anything  lying  on  the  long  side  of  the  trough  and  of 
not  too  great  height  can  slide  out  through  it.  Any  lump  which  is 
thicker  than  the  height  of  the  slit  will  of  course  be  retained  in  the 
trough.  The  slits  widen  as  they  approach  the  lower  end,  and  the 
part  of  the  casting  below  the  cross-bar  (5)  hangs  freely,  so  that  there 
is  nothing  to  stop  a  piece  from  sliding  through  the  slit.  This  slate- 
picker  is  placed  in  an  ordinary  trough  or  chute  down  which  the  coal 
slides.  It  receives  pitch  enough  to  allow  the  coal  to  slide  over  freely, 
but  with  not  too  great  velocity.  As  the  coal  and  slate  come  down 
the  chutes,  each  lump  places  itself  in  one  or  other  of  the  grooves  or 
troughs,  which  are  made  a  little  wider  than  the  largest  lump  of  the 
size  for  which  the  slate-picker  is  to  be  employed.  As  the  lumps 
slide  down,  all  the  flatter  pieces  tend  to  pass  out  through  the  slit  on 
the  side,  while  the  cubical  lumps  go  over.  Should  a  piece  catch  in 
the  slit  in  consequence  of  the  increase  in  height  towards  the  end, 
some  one  of  the  pieces  which  follow  will  generally  knock  it  loose, 
so  that  it  does  not  remain  and  block  the  slits.  This  is  an  important 
point.  The  slits  if  made  parallel  would  soon  clog.  The  flat  pieces, 
which  are  mostly  slate,  and  which  fall  through  the  taper  slit,  pass 
over  a  chute  or  picking-table  or  any  convenient  place,  where  they 
are  examined  by  a  boy,  who  takes  out  any  flat  coal  that  may  come 
through  with  the  slate.  With  the  larger  coal,  such  as  broken  and 
egg,  a  great  deal  of  what  goes  out  is  often  coal  and  slate-coal,  which 
is  carefully  picked  out,  the  slate  going  in  a  chute  to  the  slate-drag, 
which  deposits  it  on  the  dirt-bank.  But  the  flat  coal,  slate-coal  and 
bony  (if  valuable)  are  rebroken,  and  are  prepared  with  the  other 
small  coal  that  comes  from  the  mines. 

When  at  any  colliery  there  is  a  great  amount  of  flat  coal  which, 
while  unsightly  and  unmarketable  in  its  flat  shape,  is,  nevertheless, 
pure  coal,  it  is  well  to  provide  a  separate  set  of  rolls  to  break  this 
up,  if  the  small  coal  which  is  obtained  can  be  prepared  separately; 
for  it  is  not  wise  to  mix  the  coal  already  sufficiently  pure  with  coal 
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contaitiing  slate,  as,  ofcour.se,  has  to  be  done  where  slate-coal,  bony- 
coal  and  fiat-coal  are  broken  up  together. 

In  placing  this  slate-picker  in  the  chute,  the  sheet-iron  which 
covers  the  bottom  of  the  chute  is  made  to  pass  an  inch  or  so  over 
the  upper  end  of  the  slate-picker,  and  the  free  or  unsupported  end 
(2)  does  not  quite  reach,  and  is  a  little  above,  the  sheet-iron  that 
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forms  the  bottom  of  the  chute  which  carries  the  coal  away  from  the 
slate-picker,  so  that  the  coal  is  not  checked  in  any  way  in  passing 
from  the  slate-picker  to  the  chute.  The  size  and  taper  of  the  slit, 
the  pitch  of  the  picker,  the  width  of  the  troughs,  the  length  of  the 
upper  and  the  lower  portion  of  the  casting,  vary  with  the  size  of  the 
coal,  nature  of  slate,  etc. 
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The  gyrating  automatic  slate-picker  is  made  in  the  same  way  with 
this  exception,  that  the  upper  part  above  (5)  is  done  away  with,  and 
only  the  part  with  the  slit  is  used.  This  is  placed  on  the  discharge- 
chute  attached  to  the  gyrating  screen,  as  in  Plate  XII.  The  pickers 
are  made  in  two  patterns,  to  be  used  according  as  the  screen  gyrates 
in  one  direction  or  the  other.  They  must  be  so  arranged  that  the 
gyrating  motion  of  the  screen  has  a  tendency  to  throw  the  coal  and 
slate  against  the  short  high  side.  In  this  way  the  latter  is  thrown 
out  and  passes  to  a  jig  or  pickinp;-table.  As  will  be  shown  in  the 
description  of  the  breaker,  the  flat-coal  and  slate  are  jigged  together. 
This  is  only  done  for  small  sizes,  where  the  quantity  of  flat  pure  coal 
justifies  it,  as  is  the  case  with  chestnut-coal. 

A  third  method  of  removing  slate  mechanically  is  used  in  several 
breakers  in  the  Wyoming  region.  It  consists  essentially  of  an  in- 
clined plane,  down  which  the  lumps  of  coal  and  slate  are  allowed  to 
slide  freely.  The  plane  may  be  covered  with  iron,  stone  or  slate.  The 
angle  is  such  that  the  slate  will  slide  down  uniformly  while  the  veloc- 
ity of  the  coal  increases.  There  is  d  gap  at  the  end  of  the  inclined 
plane,  over  which  the  coal  jumps  by  virtue  of  the  greater  velocity  ac- 
quired in  sliding  down  the  plane,  while  the  slate,  moving  slowly,  drops 
into  it.  There  are  a  number  of  devices  for  changing  the  pitch  of  the 
chute,  the  form  of  the  opening,  etc. ;  but,  as  these  machines  are  not 
used  at  the  Cross  Creek  collieries,  I  do  not  describe  them. 

In  the  iron  breaker  we  have  carried  the  use  of  the  gyrating  slate- 
picker  one  step  farther.  One  of  the  great  troubles  in  chestnut-coal 
is  the  flat  slate  and  flat  coal  which  it  is  difficult  to  remove.  We  have, 
therefore,  placed  upon  the  main  gyrating  screen  a  chestnut  slate- 
picker  with  a  slit  larger  than  would  be  economical,  if  it  were  to  be 
used  in  the  ordinary  way.  This  slit  is  so  large  that  it  is  almost  cer- 
tain to  take  out  all  the  flat  slate  and  a  certain  portion  of  coal  which, 
though  flat,  is  marketable.  The  whole  mass  that  comes  from  this 
slate-picker  goes  to  one  of  the  jigs,  and  by  jigging  all  the  heavy 
slate  is  taken  out.  The  material  coming  from  the  jig  then  passes 
over  a  small  gyrating  separator,  K^,  Plate  XXII.  This  is  a  single 
gyrating  table,  the  upper  part  (13)  being  a  perforated  plate  with  holes 
punched  in  it  so  as  to  remove  any  pea-coal  that  may  have  got  into 
the  chestnut  or  may  have  been  formed  in  it  when  it  is  passing  through 
the  jig,  while  (14)  is  a  slate-picker  so  arranged  that  the  slits  will  only 
let  out  coal  or  slate  too  flat  to  go  into  the  chestnut  coal.  This  table 
which  is  made  of  angle-iron,  is  supported  on  four  conical  plates,  the 
throw  of  which  is  2  inches.     It  is  counterbalanced  by  the  four  pul- 
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leys  (10).    When  the  stuff  comes  from  the  jig  it  passes  into  (13),  the 
pea-coal  goes  out ;  the  coal  which  is  large  enough  for  chestnut  coal, 


PLA.TE  XXII. 


SCALE  OF  FEET 


liiiinii.ul      ■■     ■     t    1  I  ■      I  I  I 

I         0  I  i  i 

Gyrating  Separator. 

passes  over  (14),  and   the  finer  stuff  passes  out  through  (11).     The 
stuff  passing  over  (15)  is  examined,  and  if  there  is  still  any  slate  in 
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it,  it  is  taken  out,  while  the  part  which  passes  out  through  (11)  goes 
to  the  small  rolls,  G^,  Plate  XL.,  the  slate,  if  in  considerable  quan- 
tity, being  removed  by  hand  before  it  is  broken. 

II.  Conveying  Coal  in  the  Breaker. 

The  next  class  of  apparatus  to  which  I  shall  refer  is  used  simply 
for  changing  the  position  of  the  coal,  without  involving  any  question 
of  its  preparation.  It  consists  of  chutes,  elevators,  drags  and  loading 
lips.  The  chutes  are  used  for  conveying  the  coal  or  slate  from  one 
portion  of  the  breaker  to  another,  the  stuff  sliding  down  by  gravity. 
In  this  breaker  they  are  constructed,  as  a  rule,  of  sheet-iron  and  are 
generally  half-round  troughs;  the  size,  inclination  and  thickness  of 
the  iron  depending  upon  the  work  to  be  performed  ;  the  larger  the 
coal  the  heavier  the  iron,  and  the  smaller  the  coal  the  lighter  the 
iron  and  the  greater  the  pitch  of  the  chute.  Some  of  the  chutes  are 
flat  instead  of  half-round,  and  are  formed  of  sheets  of  steel  plate, 
with  steel  sides.  These  are  generally  used  where  it  is  important  to 
inspect  the  coal.  There  are  a  number  of  local  causes  that  may  cause 
a  round  or  square  chute  to  be  preferred  in  special  cases. 

Where  an  abrupt  change  in  the  direction  of  the  chute  becomes 
necessary,  we  often  use  cast-iron  turns,  which  are  spiral,  half-round 
troughs  of  greater  or  less  length.  One  large  one  of  this  kind,  D^ 
(Plates  XXXIV.  and  XL.),  is  used  for  carrying  the  lump-coal  from 
the  platform,  F,  to  the  lump-coal  chute.  It  is  a  spiral,  the  center  of 
which  is  always  16  feet  from  a  vertical  axis.  The  chute  is  4  feet  wide 
inside  and  the  section  is  half  an  ellipse,  the  depth  to  the  center  being 
1|  feet.  The  pitch  of  the  center-line  is  about  2|  inches  to  the  foot. 
It  was  formerly  greater,  but  we  have  been  obliged  to  reduce  it.  It 
is  constructed  of  12  sections  about  4^  feet  long  in  the  center-line, 
the  sections  being  provided  with  flanges  at  each  end,  so  that  the 
pieces  when  bolted  together  form  a  continuous  chute. 

There  is  in  the  breaker  but  one  elevator,  L,  which  is  used  for 
elevating  the  slate-coal  when  broken  by  the  group  of  rolls  G,,  G^, 
G5,  Gg  and  G^  (Plates  XXXIII.,  XXXIV.  and  XL.),  so  as  to  dis- 
charge it  into  the  wet  screen,  S.,.  This  avoids  rehoisting  all  this 
coal,  which  must  be  done  at  many  of  our  breakers,  where  it  is 
picked  out  at  a  point  too  low  in  the  breaker  to  permit  it  to  be  re- 
broken  and  passed  directly  to  the  screens.  This  elevator,  which 
is  shown  in  Plate  XXIII.,  has  been  so  constructed  as  to  reduce  to 
a  minimum  the  fall  of  the  coal  on  entering  and  leaving  the  ele- 
vator. It  consists  essentially  of  two  Ewart  chains  (2),  which  pass 
over   three    pair  of  traction  wheels   (5)  and    one    pair  of  sprocket- 
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wheels  (4).  The  buckets  (3)  are  triangular  in  cross-section  and  are 
so  constructed  that  when  the  two  chains  are  travelling  horizontally  the 
coal  will  fall  ouf  and  the  bucket  clear  itself.  It  will  be  observed  that 
between  the  two  traction-wheels  and  the  bottom  (17)  there  is  a  distance 
of  about  7J  feet,  along  which  the  buckets  slide  like  a  conveyor.  They 
move  upon  a  sheet  of  steel  which  is  bent  up  at  the  point  where  the 
buckets  begin  to  rise,  so  that  they  will  touch  it  without  being  caught. 
As  this  piece  of  steel  is  very  wide,  if  the  coal  is  allowed  to  slide  on  it 
the  buckets  will  carry  along  the  coal  and  as  they  rise,  fill  themselves, 
carry  up  to  the  top,  turn  over  and  discharge  the  coal  upon  the  plate 
(8)  above,  which  is  horizontal.  From  this  upper  plate  a  chute 
(11,  12  and  13)  can  be  taken  oif  at  any  angle;  all  that  is  necessary 
is  that  the  steel  plate  on  top  be  cut  diagonally,  so  as  to  join  the  chute 
carrying  away  the  coal  in  a  horizontal  line.  Of  course,  when  the 
bucket  dumps  on  the  top,  if  the  carrying-away  chute  begins  exactly 
where  the  bucket  dumps,  but  is  at  an  angle  to  the  direction  of  the 
chain,  only  a  small  portion  of  the  coal  falls  into  the  chute;  but,  as 
the  bucket  moves  forward,  it  pushes  the  remaining  coal  forward,  and 
as  each  particle  reaches  the  point  where  the  carrying-chute  starts,  it 
is  carried  away.  The  coal  is  carried  into  the  elevator  by  a  chute 
which  just  passes  over  the  chain,  and  has  therefore  a  very  slight  fall, 
which  is  still  further  reduced  by  the  fact  that  when  the  machine  is 
in  operation,  there  is  generally  a  certain  amount  of  coal  in  the  bottom. 
The  great  advantage  of  this  elevator,  which  is  a  new  thing  as  far  as 
we  know,  is  the  fact  that  very  little  breakage  occurs,  and  that  the 
coal  can  be  discharged  with  no  fall  at  will,  at  one  or  more  points, 
and  at  any  angle  between  the  traction-wheels  (5)  and  sprocket- 
wheels  (4). 

The  drags  may  be  cither  horizontal  or  inclined.  There  is  one, 
M,  which  carries  the  slate  and  other  refuse  from  the  jigs  to  a  point 
in  the  breaker  where  they  will  run  to  the  slate-conveyor,  N.  As  a 
great  deal  of  water  falls  from  the  jigs,  the  flights  of  this  drag  work  in 
east-iron  troughs,  which,  at  certain  points,  have  perforated  sides  for 
letting  out  this  water.  The  slate-conveyor,  X,  which  is  shown  in 
Plates  XXXI V.  and  XLI.,  carries  away  all  the  refuse  that  does  not 
float  off  with  the  water.  There  is  a  double  drag,  M„  that  carries  the 
screenings  from  the  loading-lips  into  a  car,  X  (Plate  XXXIV.), 
under  the  breaker,  which  is  hoisted  to  the  top  of  the  breaker. 
There  is  also  a  supplementary  drag,  M„  Plates  XXXI II.  and 
XLI.  passing  under  the  loading-li|)s,  Q,  to  Qg,  of  some  of  the  pre- 
pared-coal pockets,  which  discharges  into  the  main  screen ingc -drag, 
Mj.     Under  the  settling  tank,  Z,  which  is  outside  and  separate  from 
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the  breaker,  there  is  another  drag,  M3,  which  carries  the  settlings, 
when  they  are  drawn  off,  into  the  main  slate-drag  or  conveyor,  N. 

All  these  drags  are  constructed  of  the  Dodge  conveyor-chain,  with 
the  exception  of  the  supplementary  drag,  Mj,  under  the  pockets, 
which  is  constructed  with  the  Ewart  chain.  As  these  are  all  well 
illustrated  and  explained  in  the  catalogues  of  the  parties  who  make 
them,  it  is  not  necessary  to  dwell  upon  them  further.  In  regard  to 
the  main  slate-drag,  however,  there  is  one  point  to  which  I  would 
call  attention,  namely,  the  construction  of  the  truss  that  carries  the 
drag.  As  the  drag  runs  out  from  three  to  five  hundred  feet,  and  as 
the  thrust  is  in  the  direction  of  the  axis  of  the  truss,  it  is  very 
important  to  have  this  very  stiff.  Formerly,  much  more  attention 
was  paid  to  supporting  the  drag  than  to  the  resistance  in  the  line  of 
the  axis ;  but  experience  has  shown  us  that  it  is  really  much  more 
important  to  have  the  strength  in  the  line  of  the  thrust,  as  there  is 
comparatively  little  weight  to  be  supported. 

There  are  two  types  of  loading-lips :  one  for  lump  and  steamboat 
coal  and  the  other  for  the  prepared  coal.  The  lump  and  steamboat 
loading-lips  (Plate  XXIV.),  of  which  there  are  two  in  each  chute, 
consist  essentially  of  a  gate  (8)  and  (11),  below  which  there  is  a  set  of 
bars  (7)  and  below  these  a  sheet-iron  trough  (9),  a  portion  of  which 
(10)  is  movable  and  can  be  slid  into  the  car.  When  cars  are  to  be 
loaded  the  gate  is  raised ;  the  coal  is  allowed  to  slide  slowly  over  the 
bars  (7),  which  take  out  the  small  coal  which  has  been  formed  in 
the  chute;  and  the  coal  that  is  cleaned  slides  through  the  chutes 
into  the  cars.  Of  coarse,  it  is  necessary  to  draw  the  lump-chute 
into  the  loading  chute  gradually,  so  as  to  avoid  corners,  edges  and 
other  hindrances,  which  occasion  breakage  in  the  coal.  We  are 
arranging  also  a  special  loading-lip  for  large  cars,  so  that  the  coal 
can  be  carried  as  close  to  the  bottom  of  the  car  as  possible,  instead 
of  dropping  over  the  edge.  This  has  become  necessary  in  conse- 
quence of  the  great  increase  in  the  size  and  depth  of  the  cars.  The 
loading-lips  for  prepared  coal  are  of  two  types:  one  for  loading  the 
ordinary  open-top  cars  and  the  other  for  loading  either  the  0|)en-top 
cars  or  box-cars.  The  two  types  are  shown  in  Plate  XXV. ;  the 
one  on  the  left  hand  being  for  open  top-cars  and  the  other  for  box- 
cars. The  coal  which  falls  out  above  (8)  through  the  opening 
in  the  bottom  at  the  extreme  end  passes  down  over  (8),  a  perforated 
plate,  the  form  of  which  is  shown  to  the  left  of  the  lower  part  of 
the  box-car.     Through  these  perforations  the  fine  dirt  falls  out  and 
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is  carried  away  by  the  drag  flights  (32),  the  coal  sliding  through  the 
chute  (6)  into  the  car.  The  only  difference  on  the  other  side  is  that 
the  chute  (10)  slides  back  on  the  rollers  (1 1),  so  as  to  allow  the  car 
to  pass.  The  gates  serve  to  check  and  regulate  the  flow  of  coal. 
This  chute  can  also  be  used  to  load  ordinary  open-top  cars,  but  the 
fall  is  pretty  great ;  and  it  is  probable  that  some  new  device  will 
have  to  be  adopted  for  loading  the  high  cars,  so  as  to  avoid  the 
excessive  fall.  This,  I  understand,  is  now  being  done  at  the  Lykens 
collieries. 

III.  HoiSTiKG  Coal  to  the  Top  of  the  Breaker. 

The  breaker  is  situated  at  the  mouth  of  the  slope  known  as  Xo. 
2,  at  Driftou,  the  two  tracks  of  which  run  directly  to  the  top  of  the 
breaker.  As  this  slope  is  very  steep,  over  60  degrees,  it  is  not  eco- 
nomical to  hoist  the  coal  in  the  mine-cars  for  the  following  reasons  : 

1.  When  hoisting  up  a  slope  of  this  pitch  the  strain  on  a  car  is 
very  great.  This  tends  to  cause  accidents,  unless  the  car  is  in  perfect 
order,  and  the  cost  of  repairing  the  cars  is  greatly  increased. 

2.  Every  car  has  to  go  up  the  slope  several  times  daily,  and  as 
they  reach  the  slope  after  having  been  loaded  in  various  parts  of  the 
mines,  it  is  very  difficult  to  be  sure  that  they  are  in  thoroughly  good 
condition.     A  disabled  car  is  very  likely  to  cause  an  accident. 

3.  A  great  deal  of  coal  falls  out  of  the  cars,  which  renders  it 
necessary  to  clean  the  slope  frequently ;  if  the  slope  is  not  cleaned 
the  car  is  often  thrown  off  the  track. 

4.  In  order  to  prevent  the  coal  from  falling  out  of  the  car,  it  is 
necessary,  on  a  steep  pitch,  either  to  place  covers  on  the  cars  at  the 
bottom,  which  is  a  very  onerous  operation  and  also  expensive,  or  a 
number  of  cross-rails  must  be  put  on  the  top  of  the  cars,  which 
renders  them  very  difficult  to  load  and  also  prevents  them  from 
being  properly  filled. 

For  these  reasons,  when  the  pitch  is  much  over  30  degrees,  we 
prefer  to  hoist  with  a  gunboat  (Plates  XXVI.  and  XXVII.),  which 
is  the  local  name  of  an  iron  car  very  much  like  what  is  known  as 
a  skip  in  metal-mining.  It  is  described  by  Mr.  Chance  in  volume 
A  C  of  the  Pennsylvania  Geological  Survey.  In  this  case  the  cars 
only  circulate  on  the  level  gangways,  and  are  dumped  into  the  gun- 
boat either  at  the  bottom  of  the  slope  or  at  any  other  convenient 
point  upon  it. 

The  dump  employed  at  the  bottom  of  the  slope  for  dumping  tlie 
mine  cars  into  the  gunboat  is  shown  in  Plate  XXVIII.     It  consists 
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essentially  of  two  cast-iron  sides,  which  form  the  track  and  which  are 
connected  by  two  bars,  which  hold  them  at  the  proper  distance  apart. 
Upon  the  sides  of  each  of  these  cast-iron  bars  there  is  a  horizontal 
rack,  and  upon  the  timber  frame  there  is  a  curved  toothed  segment. 
When  the  car  is  placed  on  the  iron  frame,  which  is  known  as  the 
cradle,  so  that  the  front  wheels  touch  against  the  horn  (13),  which  is 
curved  upward,  the  center  of  gravity  of  the  whole  mass  is  such  that 
the  car  and  cradle  tend  to  roll  down  and  dump.  This  is  prevented, 
however,  by  the  curved  arm  (4),  for  the  line  joining  the  two  pins  in 
the  curved  arm  passes  to  the  left  of  the  shaft  connected  with  the 
lever,  and  therefore  prevents  the  cradle  from  rising ;  but,  if  the  lever 
(8)  is  thrown  to  the  left,  the  cam  (6),  which  is  on  this  shaft,  moves 
the  bar  (5),  to  the  left  until  the  joint  between  bars  (5)  and  (6)  is 
thrown  to  the  right  of  the  line  connecting  the  center  of  the  shaft  and 
the  point  of  connection  with  the  cradle.  When  this  position  is 
reached  there  is  nothing  to  prevent  the  shaft  from  turning  still 
further  to  the  right  •and  the  cradle  from  rising  up,  which  allows  the 
car  to  come  into  a  dumping  position  ;  and  the  gate  of  the  car  being 
opened  by  a  latch-lifter,  the  car  empties  itself  into  the  gunboat. 
The  cradle  is  so  constructed  that,  when  the  car  is  emptied,  ths  cradle 
and  car  tend  to  return  to  a  horizontal  position,  but  are  prevented  by 
the  hook  in  the  lower  end  of  the  arm  (4),  which  rests  against  the 
lever-shaft  until  the  lever  is  thrown  in  the  opposite  direction,  thus 
again  bringing  the  line  of  thrust  of  the  bar  (4)  to  the  right  of  the 
central  shaft,  and  allowing  the  cradle  to  return  to  the  position  from 
which  it  started.  The  empty  car  is  then  taken  away  and  another 
put  in  its  place.  By  the  rolling  motion  we  are  enabled  to  place  the 
car  in  the  cradle  before  the  gunboat  arrives,  without  having  the  car 
come  in  contact  with  the  gunboat,  so  that  the  cars  can  be  changed 
and  the  loaded  car-brought  on  to  the  cradle  while  the  gunboat  is 
being  hoisted.  In  this  way  hoisting  can  be  done  very  rapidly,  the 
car  being  always  ready  ;  and  the  only  thing  to  be  done  by  the  man 
in  charge  of  the  dump  when  the  gunboat  arrives  is  to  throw  the 
lever  over  so  as  to  break  the  toggle-joint.  The  coal  slides  very 
rapidly  into  the  gunboat;  he  then  reverses  his  lever;  the  car  goes 
back  to  its  first  position  and  the  gunboat  can  be  immediately  hoisted. 
This  dump  is  very  effective,  allowing  one  car  a  minute  to  be  very 
easily  dumped  into  the  gunboat  and  hoisted.  There  are  two  gun- 
boats and  two  tracks ;  but  the  two  tracks  come  together  at  the  bottom, 
so  that  both  gunboats  run  into  the  same  dump. 

The  gunboat  is  so  constructed  that  the  back  wheel  has  a  much 
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wider  tread  than  the  front.     The  rails  from  the  bottom  (2)  on  Plate 

XXIX.  continue  to  the  dump  at  the  top  of  the  breaker,  but  at  a  point 
a  little  to  the  left  of  C  D  a  second  track  commences,  which  is  formed 
by  an  angle-iron  (3)  and  (4),  arranged  in  such  a  naanner  that,  while 
the  front  wheel  (9)  can  go  through,  the  back  wheel  (10),  with  a 
much  broader  flange,  is  obliged  to  follow  up  this  angle-iron.  The 
result  of  this  is  that  the  hind  wheel  (10)  gradually  rises  up,  so  that 
when  the  front  wheel  reaches  the  end  of  the  track  (2)  the  hind  wheel 
is  in  the  position  shown  on  the  figure,  and  the  coal  slides  out  of 
itself  without  shock,  the  gunboat  merely  forming  the  prolongation 
of  the  dump. 

The  Barney-Bridge  and  Dump. 

Part  of  the  coal  prepared  in  the  breaker  comes  from  a  mine  about 

half  a  mile  away.     The  loaded  mine-cars  are  brought  by  a  small 

locomotive  upon  the  surface  to  the  foot  of  the  breaker-plane,  B,  from 

which  they  are  hoisted  to  the  top  of  the  breaker  and  dumped.    Plate 

XXX.  shows  the  arrangements  at  the  bottom  of  the  iron  breaker 
plane,  the  commencement  of  which  is  shown  at  the  top  of  the  stone 
wall  to  the  right.  The  loaded  cars  are  pushed  by  the  locomotive 
upon  a  siding  which  falls  to  the  point  where  the  car,  X,  is  represented 
by  dotted  lines.  The  empty  cars  pass  over  the  movable  bridge,  Aj, 
to  the  empty  track,  which  is  above  the  loaded  one  for  a  short  dis- 
tance and  then  runs  alongside  of  it,  with  a  grade  in  the  opposite 
direction,  to  a  switch  where  it  joins  the  main  track  and  where  the 
locomotive  takes  off  the  empty  cars.  The  hoisting-rope  is  attached 
permanently  to  the  "barney"  (A  2^^  Plate  XXXI.),  which  is  the 
local  name  given  to  the  small  car  that  pushes  up  the  larger  one.  The 
gauge  of  the  mine-car  is  4  feet,  while  that  of  the  barne}'  is  3  feet  6 
inches.  The  barney-track  (18)  runs  continuously  and  unbroken 
from  the  left-hand  corner  of  the  barney-pit.  A,  to  the  dump,  C,  on  top 
of  the  plane,  while  the  mine-car  track  (16)  runs  from  the  end  of  the 
loaded-car  siding  up  the  plane,  B,  when  the  bridge,  Aj  is  open,  as 
shown  by  dotted  lines  in  the  section  through  A  B  looking  east ; 
but  when  the  bridge  is  closed,  as  shown  by  the  full  lines,  the  track 
(7),  which  runs  to  an  edge  at  the  right  hand  end,  lies  over  the  rail 
(16)  and  makes  the  main-car  track  on  the  plane  continuous  upon 
the  bridge,  Aj,  to  the  empty-car  track.  When  the  empty  car,  X, 
descends  from  the  dump,  C,  it  finds  the  bridge  closed  and  passes  over 
the  bridge  to  the  empty-car  siding,  continuing  to  run  on  until  it  comes 
to  the  end  of  the  siding  and  is  stopped,  or  until  it  reaches  the  empty 
cars  already  on  the  siding.     The  barney  being  narrower  passes  be- 
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tween  the  sides  of  the  swinging  bridge,  between  the  rails  of  the 
loaded  track  (16),  down  the  barney-track  (18)  to  the  back  of  the 
barney-pit.      The  britige,  Aj,  consists  of  two   trusses,  each   truss 
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having  a  bearing  at  either  end  (3  and  4),  so  that  by  swinging  around 
them  the  bridge  is  opened  and  closed.  When  the  barney  descends 
it  finds  the  bridge  closed  and  when  it  reaches  the  bar  (20)  its  axle 
pushes  forward  by  means  of  (20)  the  levers  (19)  and  (21)  and  thus 
opens  the  bridge  for  the  full  car  to  go  up.  When  the  barney  is  in 
the  position  shown  on  the  right  side  of  the  figure,  it  pushes  forward 
the  levers  (9)  and  (10)  and  closes  the  bridge,  so  that  it  will  be  ready 
for  the  empty  car  when  it  descends.  The  upper  part  (or  pusher)  of 
the  barney  is  hinged  to  the  back-end,  and  at  the  front-end  carries 
two  small  wheels  which,  as  the  barney  descends,  lift  the  latches  (29) 
which  are  hinged  at  their  upper  end  and  fall  freely,  so  that  when 
the  engine  is  reversed  and  the  barney  is  hoisted,  these  latches  catch 
the  wheels  and  force  the  pusher  to  open.  As  the  wheels  are  obliged 
to  follow  the  track  (17)  the  pusher  comes  in  contact  with  the  car  and 
forces  it  forward  and  then  up  the  plane,  so  that  when  the  car  gets 
on  the  real  pitch  of  the  plane,  the  barney  and  car  are  in  the  position 
shown  on  the  right-hand  side  of  the  drawing.  It  will  be  observed 
that  the  large  wheels  of  the  barney,  while  in  the  pit,  have  a  rail  (27) 
above  as  well  as  below  them.  This  is  to  prevent  the  wheels  from 
rising  and  the  barney  from  getting  off  the  track.  From  here  on,  the 
car  and  barney  continue  up  to  the  dump,  the  action  of  which  will 
be  explained  below.     The  advantages  of  this  system  of  hoisting  are 

1.  The  rope  is  never  attached  and  detached. 

2.  The  full  cars  run  to  the  bottom  by  gravity  ;  and  the  car  to  be 
hoisted  can  be  put  in  position  as  soon  as  the  one  before  it  has  started, 
so  that  when  the  barney  descends  it  can  return  immediately  without 
delay. 

3.  The  empty  car  runs  off  by  gravity,  if  the  grades  are  properly 
arranged,  and  the  bottom  man  has  nothing  to  do  but  to  drop  in  the 
full  car.  The  system  of  levers  and  catchers  (30)  to  (48)  is  a  self- 
acting  arrangement,  to  drop  in  a  car  at  a  time.  The  trip  of  cars  is 
held  by  the  hook  at  the  end  of  the  rod  (43) ;  when  the  lever  (30) 
is  moved  forward  (43)  drops  and  allows  the  trip  to  move  forward ; 
but  the  same  motion  turns  the  bar  (33)  upon  its  axis  (32),  raising 
the  riffht-hand  end,  so  that  when  the  axle  of  the  front  car  reaches 
(33)  it  pushes  it  forward,  turning  it  around  its  axis  (33)  and  raising 
(43)  so  as  to  catch  the  next  car  by  its  axle  and  stop  it.  It  is  pro- 
posed to  extend  (30)  to  the  top  of  the  bridge  or  empty  track,  so  that 
it  can  be  worked  by  a  man  there,  who  can  also  look  after  the  empty 
cars. 

The  mine-car,  X,  when  it  arrives  on  top  (Plate  XXXII.),  follows  a 
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rail  (2)  until  the  front  wheel  reaches  a  pohit  (6)  where  the  rail  turns 
up.  The  hind-wheel  having  reached  a  point  just  in  front  of  that  occu- 
pied by  the  front  barney-wheel  in  the  figure,  and  the  barney  being  on 
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the  track  (3)  where  it  is  steepest,  the  line  of  thrust  of  the  pusher  is 
no  longer  in  the  line  of  the  axis  of  the  bumper,  but  in  an  upward 
direction.  Hence,  as  soon  as  the  front-wheel  of  the  car  is  stopped 
at  (6),  the  barney  continuing  to  move,  raises  the  back-end  of  the  car 
until  it  assumes  the  position  shown  in  the  figure,  the  body  of  the 
car  turning  around  the  front  axle  (23).  The  door  which  closes  the 
front-end  of  the  car  is  closed  on  either  side  by  the  latch  (10)  which 
projects  beyond  the  bumper  (11).  As  the  front-end  of  the  car 
descends,  revolving  about  the  front-axle,  the  latch  strikes  against 
the  iron  latch-lifter  which  raises  the  latch,  allowing  the  door  to 
swing  open  and  the  car  to  empty.  The  latch-opener  (32)  is  shown 
in  Plate  XXXIII.  It  is  simply  a  U'^l^^P^^^^  bar  of  iron,  firmly 
fastened  to  the  floor  below  on  each  side  of  the  car,  in  such  a  way  that 
only  the  projecting  latch  (10)  can  strike  against  it. 

When  the  engine  is  reversed,  the  barney  returns  and  the  car 
gradually  descends  and  takes  its  normal  position  behind  the  barney. 

IV.  The  Iron  Breaker. 

The  iron  breaker  is  a  pin-connected  structure,  the  posts  being  of 
cast-iron,  the  struts  generally  of  cast-iron,  and  the  tie-rods  of 
wrought-iron.  Most  of  the  large  beams  are  riveted  plate-girders  ; 
the  smaller  are  rolled  iron.  There  are  three  large  lattice-  or  truss- 
girders. 

The  pockets  for  the  prepared  sizes  are  eight  in  number.  They 
are  38|  feet  long,  llf  feet  wide,  and  3f  feet  deep  at  the  upper  end, 
and  15f  feet  deep  at  the  lower  end.  The  bottoms  of  the  pockets, 
which  are  made  of  cast-iron  plates,  are  supported  on  beams  (25)  and 
(26)  running  parallel  to  the  longer  axis  of  the  pocket  and  on  a  pitch 
of  four  inches  to  the  foot.  They  are  supported  at  four  points  by  iron 
beams,  three  of  which  are  between  posts,  and  the  fourth  (28)  running 
the  whole  length  of  the  pockets  supported  by  a  truss,  as  shown 
in  the  end  elevation,  Plate  XXXIV.  The  cast-iron  plates  forming 
the  bottom  of  the  pockets  are  three  feet  wide  and  six  feet  long,  and 
extend  from  one  beam  to  the  other,  the  beams  being  three  feet  apart 
from  center  to  center.  In  order  to  protect  these  beams  from  the 
action  of  the  acid  water  in  the  coal,  they  are  covered  with  a  plate  of 
lead,  which  extends  beyond  the  edge  of  the  beam  and  is  turned 
down,  so  that  all  the  water  leaking  through  drops  to  the  ground 
without  falling  upon  the  beams.  Tlie  beams  between  the  two  lower 
beams,  which  support  the  heaviest  load,  are  riveted  girders,  while 
the  others  above  are  rolled  I-beams.     The  divisions  between  the 
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pockets  are  made  with  cast-iron  plates  placed  between  stanchions. 
The  lower  end  of  the  pocket  is  also  made  in  the  same  way.  The 
upper  end  is  simply  sheet-iron,  as  the  pressure  there  is  very  slight. 
All  the  plates  are  ribbed,  those  on  which  the  coal  slides,  on  one  side 
only. 

The  lump-coal  chute,  P,  consists  of  a  pin,  connected  truss-structure, 
with  two  chutes,  the  upper  one,  Pj,  for  steamboat-coal,  and  the  other, 
P,  for  lump- coal.  They  are  of  like  construction,  the  sides  being 
formed  of  vertical  plate-girders,  and  the  bottom  of  cast-iron  plate.', 
three  feet  long  and  six  feet  wide,  supported  on  I-beams,  which  are 
supported  on  other  I-beams  placed  between  the  vertical  posts.  Plate 
XXXIV.  shows  the  general  construction.  It  will  be  observed  that 
where  the  posts  are  from  20  to  24  feet  apart,  there  is  a  hanging  post, 
which  is  supported  by  rods  from  the  main  posts,  making  the  distance 
between  the  supports  of  the  beams  carrying  the  bottom  of  the  pocket 
not  over  12  feet.  At  the  bottom  of  the  lump-  and  steamboat-chute 
they  are  divided  into  two  loading-chutes,  Q  and  Q^  (see  also  Plate 
XXIV.)  in  each  of  which  there  is  a  set  of  finger-bars,  which  takes  oui 
the  fine  coal  and  allows  it  to  drop  by  means  of  the  chute  (40)  into  the 
main  screenings- drag,  Mg,  which  takes  it  back  under  the  breaker, 
where  it  is  loaded  into  mine-cars,  X.  Just  above  these  bars  is  a  gate  to 
regulate  the  flow,  and  below  the  bars  there  is  a  chute,  which  extends 
out  into  the  cars  for  loading.  There  are  two  types  of  loading-lips,  one 
for  box-cars  and  the  other  for  .ordinary  open-top  cars.  The  one  for 
open-top  cars  turns  at  a  right  angle  so  as  to  allow  coal  to  be  fed  near 
the  bottom,  and  thus  avoid  the  fall.  Thepitchof  the  lump- and  steam- 
boat-chutfes  is  3f  inches.  This  appears  to  be  too  much,  although  it 
is  less  than  that  of  any  other  similar  chutes  we  had  previously  built. 
This  is  probably  due  to  the  fact  that  the  cast-iron  plates  at  the 
bottom  are  much  larger  and  smoother  than  the  old-fashioned  ones, 
which  are  only  one  foot  wide  and  four  feet  long.  At  the  same  time 
it  is  very  doubtful  whether  any  pitch  can  be  adopted  which  will  not 
allow  the  coal  to  slide  too  fast  when  it  is  by  itself,  and  at  the  same 
time  will  allow  it  to  flow  freely  when  the  chute  is  full  and  the  coal 
lies  in  a  body. 

The  plane  upon  which  the  coal  is  hoisted  is  also  a  pin-connected 
structure,  as  shown  in  Plate  XXXIII.,  the  posts,  struts  and  tie-rods 
being  of  the  same  general  character  as  those  employed  in  the  lump- 
chute  and  the  rest  of  the  building.  Each  track  is  carried  on  two  riveted 
girders  (23)  18  inches  high,  which  are  connected  together  27h  feet 
apart,  by  division-plates  and  tie-rods.    Over  the  tops  of  these,  wooden 
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sills  are  laid,  which  are  also  shown  on  the  drawing.  Each  gunboat 
track  is  immediately  over  a  pair  of  girders.  It  M'as  intended  when 
the  breaker  was  constructed  to  build  the  track  from  the  surface  in 
the  same  way;  but  it  was  found  only  necessary  to  put  up  one  track 
instead  of  two,  as  we  can  hoist  easily  a  car  a  minute  with  the  single 
track  ;  and  the  arrangements  at  the  top  and  the  bottom  were  much 
simplified  by  adopting  the  single  track.  Had  the  length  of  the  plane 
l)een  very  much  greater,  two  tracks  would  have  been  necessary,  and 
in  that  case  these  tracks  also  would  have  been  immediately  over  the 
girder.  In  other  words,  it  was  not  necessary  to  build  the  hoisting- 
plane  quite  as  wide  as  it  is,  and  the  one  pair  of  girders  could  have 
been  dispensed  with. 

The  main  structure,  or  that  part  of  the  breaker  which  contains  the 
machinery,  is  built  immediately  over  the  pockets.  The  foundations 
under  the  whole  breaker  were  put  in  with  a  great  deal  of  care,  par- 
ticularly those  under  the  pockets.  The  foundations  were  first  dug 
out  to  a  depth  safely  below  the  frost-line.  About  2  feet  of  small 
broken  stone  was  j)ut  in,  laid  in  layers  of  6  to  8  inches,  and  each 
layer  was  rammed  with  a  heavy  wooden  rammer  until  it  did  not 
show  any  signs  of  sinking  further.  Above  this  broken  stone  walls 
of  heavy  dressed  conglomerate  stone  were  laid  up,  being  about  5  feet 
thick  below  the  surface  of  the  ground  and  4  feet  above.  The  wall  went 
the  whole  length  of  the  pockets,  but  at  a  certain  distance  above  the 
ground,  piers  4  feet  square  were  built  up  under  each  post.  The  same 
general  plan  was  pursued  for  the  posts  of  the  plane  and  lump-coal 
chute,  except  that  in  this  case  the  piers  were  4  feet  square,  and  the 
walls  were  not  continuous.  The  end  of  the  plane  rests  on  a  wall 
extending  the  whole  width  of  the  plane,  and  reinforced  by  wing-walls 
(Plate  XXX.),  in  the  direction  of  the  slope.  The  ends  of  the  plane- 
girders  are  connected  by  means  of  an  expansion-joint,  allowing  the 
building  to  contract  and  expand  without  strain.  The  pockets  are 
composed  of  nine  rows  of  posts  with  three  in  each  row.  The  two, 
which  are  in  the  prolongation  of  the  line  of  the  plane-posts,  are  24  feet 
from  center  to  center,  and  the  other  posts  to  the  east  of  these  two  are 
14|  feet.  The  rows  of  posts  are  12  feet  apart,  thus  making  the  pockets 
12  feet  wide,  less  the  thickness  of  the  partitions.  All  the  posts  are 
fastened  to  the  foundation  by  H-inch  bolts,  built  up  and  solidly 
cemented  in  the  piers  and  walls.  On  the  top  of  the  pockets  is  erected 
the  part  of  the  building  upon  which  the  machinery  is  placed.  The 
posts  immediately  above  the  pockets  are  10  inches  square,  and  those 
on  top  of  these,  which  have  nothing  to  do  but  to  carry  the  roof,  or 
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are  subjected  to  a  comparatively  light  strain,  are  8  inches  square. 
The  posts  above  the  pockets,  instead  of  being  12  feet  from  center  to 
center  in  the  direction  of  the  axis  of  the  plane,  are  24  feet,  giving 
a  very  large  amount  of  unobstructed  space  for  the  machinery  and 
picking-chutes.  The  trnss-rods  vary  from  1  inch  to  2  inches 
square,  depending  upon  the  strain  to  which  they  are  subjected.  Most 
of  the  beams  that  support  the  machinery  are  15-inch  rolled  beams, 
with  the  exception  of  tiie  riveted  girders  that  carry  the  platform,  the 
girders  that  support  and  form  the  dump  and  mud-screen  pocket  H, 
one  truss-girder  in  the  extreme  northern  bent,  one  large  truss-girder 
immediately  below  the  mud-screen  pocket  H,  where  it  is  deepest,  one 
lattice-girder  extending  from  those  two  which  carry  one  side  of  the 
two  steamboat-rolls  G^,,  and  one  side  of  the  two  gyrating  screens 
S^,  receiving  coal  from  these  rolls,  and  those  marked  (9),  (11)  and 
(14).  Outside  of  the  line  of  the  pockets  there  is  an  addition,  sup- 
ported on  one  side  by  four  cast-iron  posts,  and  on  the  other  by  the 
western  posts  of  the  pockets,  in  which  addition  are  arranged  the 
twelve  jigs,  as  shown  on  the  general  plan,  Plate  XLI.  These 
j)Osts  are  8  inches  square,  and  the  jigs  are  carried  on  riveted  girders 
running  parallel  to  the  axis  of  the  plane  (Plate  XXXIII.). 

It  has  been  found  important  not  to  set  the  gyrating  screens  on 
girders  M-ith  a  long  span,  unless  they  are  very  stiff  ones,  as  there  is 
a  tendency  to  vibration  in  the  long  fifteen-inch  beams.  For  this 
reason  we  have  supported  by  posts  these  fifteen-inch  beams,  where 
they  carry  the  gyrating  screens.  The  swinging  up  and  down  of  the 
beam  tends  to  throw  the  running  plates  out  of  parallelism  and  causes 
great  strains  on  the  shafts.  The  lump-coal  is  carried  in  the  chute 
Dj,  previously  described,  from  the  platform  to  the  lump-coal  chute 
P,  this  chute  being  supported  partly  on  brackets  and  partly  by  a 
lattice-post  entirely  outside  of  the  breaker. 

The  sheaves  which  carry  the  hoisting-ropes  are  all  supported,  as 
shown,  on  riveted  girders  (8).  The  sides  and  roof  of  the  plane  and 
of  the  breaker  proper  are  of  corrugated  iron  throughout,  except 
where  the  corrugated  iron  is  replaced  by  glass  (Plates  XXXVIII. 
and  XXXIX.),  as  is  the  case  as  far  as  possible  around  the  pockets, 
the  idea  being  to  make  the  inside  as  light  as  possible.  In  this 
respect  the  desired  result  has  been  obtained.  There  are  no  dark 
corners  in  the  breaker,  particularly  around  the  machinery,  which  is 
very  accessible.  All  the  staircases  are  of  iron,  as  well  as  the  gang- 
ways and  platforms.  The  men  who  are  not  in  charge  of  the  ma- 
chinery are  not  required  to  pass  near  it.  The  building  will  be 
heated  entirely  by  exhaust-steam  from  the  engines. 
VOL.  XIX. — 29 
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I  give  here  a  li.st  of  all  the  principal  posts,  struts,  tie-rods,  beams, 
etc.,  used  in  the  construction  of  the  breaker,  with  their  dimensions. 
These  with  the  general  drawings  and  the  detail  drawings.  Plates 
XXXVI.  and  XXXVII.  of  one  post  consisting  of  4  pieces,  R,  R^, 
Rj  and  R3,  of  one  strut,  R-s  ;  of  two  tie-rods,  R-t,  of  different  kinds, 
and  one  pin,  R-p,  which  are  types  of  the  principal  members  (except- 
ing the  beams),  will  give  probably  a  better  idea  of  the  structure  than 
a  mere  description  in  words. 

The  height  of  the  breaker  from  the  rail  road- track,  T3,  under  the 
pockets  to  the  peak  of  the  roof,  is  91 J  feet;  to  the  dump,  79  feet. 
The  greatest  amount  of  coal  that  has  been  passed  through  and  cleaned 
in  the  breaker  is  a  little  over  260  tons  per  hour.  The  breaker  has 
not  been  running  long  enough  to  determine  accurately  its  maximum 
capacity.  I  shall  endeavor  to  give  this  information  as  well  as  the 
capacity  of  the  rolls,  screens,  jigs,  etc.,  at  a  future  time. 


Bill  of  Material  of  the  More  Important  Iron  Members  of  the  Breaker 
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List  of  Material — Continued. 


Part  of  Breaker  to  which  they  belong. 

No.  of 
Pieces. 

Name  of 
Member. 

Size. 

Length. 

Gunl 
« 

9 
2 

2 
9 
9 
9 

24 
8 

23 
1 
1 
4 
4 
8 

19 
2 

24 
9 
9 
9 
6 
1 

16 
6 

12 
3 
6 
2 
4 
2 
2 
4 
8 
2 
4 
4 
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4 

4 
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4 
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8 
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11 
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11 
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II 
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10  X    6 
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5x6 
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6  X    3| 
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6  X    3f 
6  X    31 
6  X    21 
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6  X    2J 
6  X    2l 
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6  X    2l 
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39  X     f 
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oi 
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Ltst  of  Material — Continued. 


Part  of  Breaker  to  which  they  belong. 

No.  of 
Pieces. 

Name  of 
Member. 

Size. 

Length. 

Pnr>lrpts 

8 

9 

24 

9 

6 

2 

8 

24 

2 

1 

2 

2 

1 

1 

1 

1 

2 

2 

1 

3 

1 

8 
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4 

4 

4 

5 
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1 

1 

1 

1 

3 

2 

1 

1 

4 

2 

2 

2 

2 

1 

1 

1 

3 

2 

1 

2 

8 
3 
3 
2 
1 
11 
4 
4 

9 

Built  beams... 

<i         II 

"         " 
II         11 

11         ii 

II        11 

Rolled  beams 

II           ii 

Built  beams... 
11        i( 

i<         11 

II         11 

ll        (1 

II        1 1 

11        (I 

II        II 

11         i( 

II        11 

II         11 

Rolled  beams 

II                     K 

(1            t( 
<i             II 

K                     (1 

ll            II 
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List  of  Material— Con./m»tefi. 
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I  give  here  two  views  from  photographs  of  the  breaker :  Plate 
XXXVIII.  being  taken  from  a  point  southwest  of  the  breaker  and 
representing  the  breaker  when  finished.  It  shows  the  barney  and  gun- 
boat on  the  plane  ;  and  on  the  left-hand  side  of  the  breaker,  the  jig- 
house,  which  projects  from  the  main  line  of  the  building,  is  very  dis- 
tinctly shown.  The  truss-bridge  running  from  the  ground  to  the  top 
of  pockets  (about  26  feet  from  the  ground)  is  the  main  entrance  to 
the  breaker  for  the  workmen.  The  advantage  of  this  plane  is  that  it 
brings  the  men  to  the  ground  beyond  the  cars  and  machinery,  thus 
diminishing  the  risk  of  accidents.  Plate  XXXIX.  is  a  view  taken 
from  a  point  southeast  of  the  breaker.  This  was  taken  when  the 
breaker  was  only  partially  completed.  It  shows  on  the  right  hand  the 
lump-  and  steamboat-chutes  very  distinctly,  and  the  plane  in  its  un- 
finished condition  with  the  girders  carrying  the  sills.  The  large 
w^ooden  structure  to  the  right  is  the  settling-tank  for  settling  the 
slimes  coming  from  the  breaker.  The  water,  after  depositing  in  them 
the  most  of  the  fine  coal  and  slimes,  is  carried  off  in  pipes.  It  will  be 
noticed  in  both  these  plates,  particularly  in  Plate  XXXIX.,  that,  in 
consequence  of  the  great  number  of  windows  all  around  the  breaker, 
one  can  see  through  it  distinctly.  The  thoroughness  with  which  the 
interior  is  lighted  will  therefore  be  evident.  The  breaker  is  also 
equipped  with  an  incandescent  electric  light  plant  of  200  lamps  of 
16  candle-power. 

V.  The  Preparatiox  of  Coal  in  the  Iron  Breaker  at 

Drifton. 

Plates  II.,  III.,  lY.  and  XXXIII.  to  XLIII.  illustrate  this 
description.  The  coal  arrives  at  the  dump,  C  or  C„  Plates  XXIX. 
and  XXXII.,  either  in  gunboats  or  in  mine-cars.  (The  gunboat 
and  barney-dump  have  been  described  above.)  It  is  emi)tied  into 
the  dump-chute,  which  is  a  reservoir  for  the  breaker;  pa&ses  first 
over  the  fixed  finger-bars,  E,  which  allow  most  of  the  smaller  coal 
to  fall  into  the  mud-screen  pocket,  H,  while  the  larger  accumulates 
in  the  dump-chute,  D,  above  the  oscillating  bars,  E,.  The  gate, 
the  position  of  which  is  shown  in  the  plan,  Plates  III.  and  XXXV., 
by  the  line  A  B  above  the  bars,  (30)  to  (32),  Plate  II.,  serves  to 
regulate  the  flow  of  the  coal  upon  the  bars,  particularly  when  the  car 
or  gunboat  is  dumped. 

The  oscillating  bars  carry  within  certain  limits  al)0ut  the  same 
quantity  of  coal  per  minute,  as  long  as  the  speed  of  the  shaft  which 
drives  them  is  the  same,  and  they  thus  aid  as  a  regulator  in  feeding 
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the  breaker.  Practically,  all  the  coal  smaller  than  lump-coal  passes 
through  these  bars,  and  only  the  lump-coal  arrives  at  the  platform, 
F.  Of  course  there  is  a  certain  amount  of  small  coal  and  dirt  car- 
ried by  these  large  lumps  which  did  not  happen  to  turn  over.  All 
this  fine  stuff,  together  with  the  fine  stuff  made  on  the  platform,  is 
pushed  either  back  into  the  mud-screen  pocket  or  into  the  screen 
under  the  slate-coal  rolls.  The  lump-coal  that  arrives  on  the  plat- 
form, F,  is  divided  into  three  sorts  :  the  first  being  the  slate,  which 
is  put  into  the  slate-chutes  (12),  Plates  IT.,  lY.,  and  XXXV., 
and  is  carried  to  the  drag,  X,  Plate  XXXIV.;  and  the  second,  the 
pure  coal,  which  is  put  into  the  lump-coal  chute,  D^,  and,  if  there  is 
market  for  it,  is  loaded  into  cars  and  sold  as  lump-coal.  At  the  head 
of  the  chute,  D^,  leading  to  the  lufup-chute  there  is  a  set  of  bars.  Eg, 
the  distance  between  which  can  be  varied  when  any  lump-coal  is- to  be 
broken  up.  The  bars  are  kept  four  or  five  inches  apart.  If  lump- 
coal  is  to  be  broken  up,  the  opening  between  the  bars  is  made  larger, 
so  that  sufficient  coal  passes  between  the  bars  to  reduce  the  quantity 
of  lump-coal  to  what  can  be  sold.  The  third  product  consists  of 
those  lumps  which  I  have  called  slate-coal,  containing  too  much 
slate  to  go  to  market  in  their  existing  condition.  These  lumps  are 
slated  by  hand  ;  that  is,  if  the  slate  can  be  easily  detached  from 
them  with  a  pick,  it  is  split  off  and  the  slate  goes  to  the  slate-chute, 
(12), while  the  remaining  coal,  if  pure,  goes  down  the  lump-chute,  Dj. 
However,  there  is  always  a  large  amount  of  coal  which  cannot  be 
cleaned  in  this  way.  This  is  put  through  a  set  of  rolls,  Gj,  the  pro- 
duct from  which  goes  into  a  gyrating  screen,  S^,  while  the  pure  coal 
from  the  pure  rolls,  G,  goes  into  another  gyrating  screen,  S,  which 
runs  alongside  of  the  slate-coal  gyrating  screen,  Sj.  All  the  coal 
that  has  gone  through  the  stationary  bars,  E,  and  oscillating  bars,  E,, 
above  the  platform,  F,  is  accumulated  in  the  raud-screen  pocket,  H, 
or  reservoir.  From  this  the  coal  is  conveyed  to  the  two  mud-.screens, 
Sg,  the  feeding  being  regulated  by  means  of  gates  at  the  mouth  of  the 
pocket,  H.  There  are  two  mud-screens,  S2,  running  together,  as  ex- 
plained above,  each  of  which  makes  steamboat,  broken  and  egg.  The 
stove  and  smaller  coal  passes  to  another  pair  of  screens,  known  as  the 
stove  or  wet  screens,  S3,  which  are  situated  a  little  lower  down. 
The  steamboat-coal  from  the  two  mud-screens  passes  into  a  chute,  U, 
upon  one  side  of  which  are  a  number  of  small  troughs  through 
which  the  coal  pas.ses ;  and  during  the  pa.ssage  through  these  small 
troughs  the  slate  and  slate-coal  are  taken  out,  as  are  also  any  pieces 
of  flat  or   unmarketable   shape.     The  coal    passed    through    these 
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chutes  enters  into  another  chute,  directly  in  the  line  of  the  steamboat- 
chute,  Pj,  Plate  XXXIV,  and  slides  down  into  the  steara boat-chute, 
provided  all  the  steamboat-coal  can  be  sold.  If  it  cannot,  a  portion  is 
turned  into  the  rolls,  Gj,  that  lie  at  the  head  of  the  steamboat- 
chute,  and  goes  from  there  into  the  dry  broken-coal  screens,  S^, 
which  separate  the  coal  into  broken,  egg,  stove,  chestnut,  pea,  buck- 
wheat No.  1,  No.  2,  No.  3  (which  go  to  the  pockets  direct)  and  dust, 
which  runs  into  the  slate-drag  M. 

The  pure  coal  from  the  platform,  F,  which  has  been  broken, 
passes  from  the  rolls,  G,  into  a  gyrating  screen,  S,  as  has  been  explained 
before,  which  screen  makes  steamboat,  broken,  egg,  stove  and  chestnut. 
These  go  directly  to  the  pockets,  Pj  to  Pg,  with  the  exception  of 
steamboat  coal  which  passes  down  into  the  steamboat-chute,  Pi,  and 
can  also  be  turned  into  the  rolls,  G^,  that  lie  at  the  head  of  this 
chute.  The  remaining  sizes,  from  pea  to  dust,  go  to  the  broken-coal 
screen,  S^,  or,  if  this  is  not  running,  to  the  elevator,  L,  which  carries 
them  to  the  wet-screen,  S3.  The  slate-coal  which  has  been  broken 
under  the  platform,  passes  into  another  gyrating  screen,  Sj,  which 
makes  steamboat,  broken  and  egg.  What  is  smaller  than  egg  goes 
into  the  wet-screen,  S3,  which  is  under  the  mud-screen,  S„  and  which 
gets  all  the  stove  and  smaller  coals  from  the  mud-screen.  The 
steamboat-coal  from  the  slate-coal  screen,  S^,  passes  through  two 
chutes,  in  which  the  slate  and  doubtful  coal  are  picked  out,  and  then 
into  the  steamboat-chute,  P^,  but  can  be  turned  on  its  passage  if 
necessary  into  the  rolls,  G2,  as  can  be  also  the  other  steamboat-coal. 
The  broken  and  the  egg  coal  pass  directly  to  the  pockets,  Pg  and  P3, 
but  have  their  slate  and  slate-coal  picked  out  on  the  way  and  thrown 
into  their  respective  chutes.  The  broken  coal  from  the  mud-screen 
goes  to  fixed  (automatic)  slate-pickers,  K,  Plate  XXL,  that  which 
passes  over  going  into  two  long  picking-chutes,  Uj,  Plates  XVIII. 
and  XIX.,  where  the  slate  and  slate-coal  are  picked  out  and  thrown 
into  the  chutes,  a  little  above  and  parallel  to  the  other,  while  that 
which  passes  through  goes  to  a  picking-table  where  it  is  separated 
into  slate-coal  and  slate,  the  former  going  to  a  pair  of  rolls,  G3,  and 
the  latter  into  the  slate-chute.  The  same  thing  takes  place  with  the 
egg-coal  from  the  two  mud-screens,  except  that  there  is  but  one 
chute  for  the  egg-coal.  All  the  coal  that  passes  through  the  steam- 
boat-rolls, G2,  at  the  head  of  the  steam  boat -chute,  as  well  as  that 
below  chestnut-size  from  the  pure  broken-screen,  passes  into  a  pair  of 
screens,  S^,  which  make  broken,  egg,  stove,  chestnut,  pea,  buckwheat, 
No.  1, 2  and  3  and  dust ;  this  coal  having  been  made  by  breaking  up 
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steamboat-coal,  which  has  already  been  cleaned,  does  not  require  any 
further  preparation.  (See  diagram,  Plate  XLIII.)  It  is  simply 
sized  and  goes  by  telegraphs  to  the  pockets. 

We  have  now  disposed  of  all  except  tlie  coal  that  goes  to  the 
screens,  S3,  under  the  mud-screen.  This  pair  of  screens  makes  stove, 
chestnut,  pea  and  No.  1,  2  and  3  buckwheat  and  slime.  They  are 
worked  wet,  i.e.,  a  large  amount  of  water  is  put  on  them,  as  the  coal 
which  comes  from  the  mud-screen  is  very  often  wet,  containing  mud 
and  other  impurities,  and  in  order  to  make  a  good  separation,  it  is 
necessary  to  wash  it.  In  addition,  all  the  wet  coal  from  this  screen 
is  jigged  after  it  comes  from  the  screen.  One  of  these  screens  has  on 
one  side  one  more  jacket  than  on  the  other,  the  jacket  being  raised 
above  the  level  of  the  top  of  the  adjoining  screen.  This  elevated 
jacket  holds  back  egg-coal  and  is  put  on  because  in  breaking  up  the 
larger  sizes  of  slate-coal,  such  as  steamboat,  broken  and  egg,  we  must 
make  a  certain  amount  of  egg.  If  we  undertake  to  break  these 
larger  sizes  directly  into  stove,  the  waste  is  too  great.  The  egg-coal 
made  on  this  screen  does  not  go  to  a  jig,  but  passes  down  a  separate 
chute,  U2,  and  out  of  it  the  slate  and  slate-coal  is  picked,  the  slate- 
coal  going  back  to  the  rolls.  The  stove-coal  from  the  two  screens,  Sg^ 
passes  down  the  chutes  (21)  and  (24)  to  four  jigs,  J,  Plate  XLII.,  the 
construction  of  which  has  already  been  explained.  The  chestnut- 
coal  from  each  of  the  screens,  passes  from  the  discharge-lips  over  the 
attached  automatic  slate-pickers.  Kg,  which  also  partakes  of  the 
gyrating  motion  of  the  jackets.  This  separates  the  chestnut-coal 
into  flat  coal  and  slate  (a  large  proportion  being  slate)  and  into  round 
or  cubical  pieces  of  coal.  The  flat  coal  and  slate  pass  down  the  chute 
(37)  into  one  jig,  J.^  (flat  jig),  and  the  rest  of  the  chestnut-coal  goes 
down  the  chute  (38)  into  three  other  jigs,  Jj.  The  pea-coal  goes 
direct  to  two  jigs,  J,,  the  buckwheat  to  another  jig,  J^,  and  the  No. 
2  buckwheat  to  a  third  jig,  J^.  The  No.  3  buckwheat  goes  to  a  jig 
of  the  second  type.  When  the  stove-coal  comes  out  of  the  jigs,  J,  it 
passes  over  a  fixed  slate-picker,  K^,  which  takes  out  the  flat  coal  and 
the  slate,  which  goes  to  a  picking-table.  A  boy  separates  the  slate 
from  the  slate-coal,  the  latter  passing  through  a  pair  of  rolls,  Gg 
(chestnut-rolls).  The  chestnut-coal  which  comes  from  the  jig  that 
gets  the  flat  stufi^,  passes  first  over  a  small  gyrating  separator,  K^, 
Plate  XXII.,  with  holes  one-half  inch  in  diameter,  the  construction  of 
which  has  already  been  explained.  This  allows  the  pea-coal,  if  there 
is  any,  to  fall  through  while  the  chestnut  passes  over  a  gyrating 
slate-picker  with  a  smaller  slit  than  the  one  in  S3.     All  the  coal  not 
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allowed  to  go  out  by  this  smaller  slate-picker,  goes  direct  to  the 
pockets,  while  the  flat  stuff  which  is  let  out  goes  to  a  picking-table. 
The  slate,  if  any  remains,  is  picked  out  from  this,  and  the  flat  pieces 
are  allowed  to  run  through  a  pair  of  flat  chestnut-rolls,  G^.  The 
coal  that  goes  over  the  slate-picker,  on  its  way  to  the  pocket,  has 
any  slate  that  may  still  remain  in  it  picked  out  by  hand.  All  the 
other  smaller  sizes  go  direct  to  the  pockets  after  leaving  the  jigs. 

All  the  slate  and  slate-coal  thrown  out  from  the  steamboat-coal 
picking-chutes  goes  to  a  table,  where  any  piece  that  contains  enough 
coal  to  make  it  worth  while  is  picked  out,  broken  in  two  with  a  ham- 
mer and  sent  to  the  large  broken-coal  rolls,  Gg,  at  the  foot  of  the 
elevator,  L.  The  same  takes  place  with  the  refuse  taken  out  of  the 
broken  and  egg-coal,  both  from  the  mud-screen  and  from  the  upper 
slate-coal  screen.  These  slate-coal  re-breaking  rolls,  which  are  all 
placed  together,  discharge  the  material  which  is  passed  through  them 
into  an  elevator,  L,  Plate  XL.,  which  elevates  and  discharges  it  into 
the  south  wet  stove-coal  screen,  where  it  mixes  with  the  coal  from 
the  mud-screen,  is  then  screened  and  goes  (with  the  exception  of  egg- 
coal)  to  the  jigs.  All  the  slate  from  the  various  picking-chutes  is 
carried  by  iron  chutes  into  the  conveyor,  N,  which  carries  it  out  and 
deposits  it  on  the  dirt-bank.  The  coal  from  the  jigs,  as  already  de- 
scribed and  shown  in  Plate  XX.,  is  taken  out  in  front  by  the  con- 
veyor-chain and  goes  to  the  picking-chute.  The  slate  comes  out 
through  the  hopper  (9)  in  front  and  below,  and  passes  to  the  back- 
end  of  the  jig,  where  it  is  picked  over,  the  slate,  if  any,  being  thrown 
into  the  drag-trough  (29),  which  runs  under  the  jigs.  The  coal  is 
carried  by  chutes  into  the  pockets.  When  the  bottoms  of  the  jigs 
are  cleaned,  the  sediment  which  settles  goes  also  into  the  drag.  The 
drag  is  provided  with  openings  in  two  places,  by  which  the  water 
that  comes  out  of  the  jigs  is  taken  away  and  carried  to  the  settling- 
tank,  Z,  while  the  slate  and  dirt,  which  has  been  more  or  less  dried, 
goes  direct  to  the  conveyor,  N,  and  is  thus  carried  out  to  the  dirt- 
bank. 

Plate  XL.  is  a  plan  showing  the  principal  machinery  used  in  the 
preparation,  with  the  exception  of  the  jig-tanks  and  the  oscillating 
bars,  Ej.  The  upper  side  shows  the  shafting  and  driving-apparatus 
of  the  jigs.  G  and  G,  are  the  large  rolls;  S  and  Sj  are  the  screens 
which  take  the  coal  from  them;  G.^  are  the  re-breaking  rolls  for 
steamboat,  and  S^  the  screen  which  handles  all  the  coal  broken  by 
these  rolls.  S^  is  the  mud  screen,  and  S,. is  the  wet-screen  imme- 
diately below  it,  which  takes  all  the  coal  from  it  below  egg,  and  also 
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tlie  coal  below  egg  from  S,,  and  all  the  coal  rebroken  by  the  rolls 
Q  G  Gb,  Go  and  G,.  When  the  breaker  is  not  breaking  up  steam- 
boat-coal, Gj  and  S4  do  not  run,  and  all  the  screening  is  done  by  the 
three  pairs  of  screens  S  and  S,  (which  form  a  double  set),  S^  and  S3. 

Plate  XLI.  is  a  ground-plan  of  the  breaker,  showing  the  relative 
iiosition  of  pockets,  lump-coal  chute,  settling-tank,  all  the  drags, 
moiiths  of  pockets  and  loading-tracks. 

Plate  XLII.  shows  the  course  of  the  coal  from  the  wet  screen,  S„ 
to  the  jigs,  and  from  the  jigs,  J  to  Jj,  to  the  pockets.  The  chutes  (24) 
and  (21)  carry  the  stove-coal  to  the  four  jigs,  J;  the  chute  (38)  in 
connection  with  (39)  and  (40)  carries  the  chestnut-coal,  which  has 
ffone  over  the  slate-picker,  K,,  to  the  three  jigs,  J^;  the  chute  (37) 
carries  the  coal  to  the  flat  chestnut  jig,  Jj,  from  which  it  goes  to  the 
slate  separator,  K^ ;  the  chutes  (27)  and  (29)  carry  the  pea-coal  to  the 
two  jigs,  J3;  the  chutes  (35)  and  (36)  carry  the  buckwheat-coal  to 
the  jig,  J4;  and  the  chutes  (31)  and  (33)  carry  the  No.  2  buckwheat- 
coal  to  the  jig,  J5.  The  coal  from  the  four  stove-coal  jigs  goes  to 
the  slate-pickers,  Kj,  and  then  to  the  picking-chutes  below,  and 
from  there  to  the  pockets.  The  chestnut-coal  is  carried  by  the  chutes 
(14),  (15),  (16),  (17)  and  (18),  into  the  pocket,  and  the  coal  from 
the  various  other  jigs  is  carried,  as  shown,  to  the  different  pockets. 
Tlie  size  of  coal  ibr  which  each  of  the  pockets  is  intended  is  shown 
Ijy  the  letters  Pj,  P3,  etc.     (See  lists,  page  464), 

Plate  XLIII.  is  a  diagram  of  the  preparation,  showing  the  progress 
of  the  coal  through  the  breaker.  These  two  plates  will  be  found 
useful  in  tracing  the  course  of  the  coal  through  the  breaker. 

Concluding  Eemarks. 

While  in  the  description  of  the  preparation  I  have  shown  (what 
is  actually  the  case)  that  the  No.  1  and  No.  2  buckwheat  are  cleaned 
ill  the  jigs  described  above,  we  do  not  intend  to  continue  this 
practice.  We  have  jigs  of  another  type  now  running  and  giving 
satisfaction,  but  they  have  been  in  operation  only  a  few  weeks.  Should 
they  continue  to  work  satisfactorily,  we  shall  use  the  large  jigs  for 
pea,  chestnut,  and  stove,  only.  The  new  ones  are  much  less  ex- 
pensive and  much  simpler,  and  seem  to  work  better  with  small  coal. 
I  will  describe  them  hereafter  in  another  paper,  should  we  adopt  them 
definitely. 

All  the  plans  for  the  structural  work  of  the  breaker,  which  were 
very  full,  accurate,  and  satisfactory,  were  made  by  Wilson  Bros.  & 
^0.,  of  Philadelphia.      They   include   everything   relating  to  the 
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breaker  as  a  structure.  The  other  plans,  including  the  general  ar- 
rangement of  the  breaker,  the  machinery,  etc.,  were  made  in  our 
own  construction-office,  under  the  direction  of  Mr.  Samuel  Salmon. 
The  trussed  and  riveted  girders,  the  rolled  beams  and  tie-rods,  were 
made  by  the  Pencoyd  Iron  Works,  from  Wilson  Bros.  &  Co.'s 
plans.  The  rest  of  the  work,  including  the  machinery,  etc.,  was 
built  in  our  own  shops  at  Drifton.  The  building  was  erected,  and 
the  laying  out  and  drilling  of  the  posts,  struts,  etc.,  constructed  by 
us,  was  done  by  Mr.  James  W.  Levan,  of  Eckley,  Pa.,  without 
accident  to  any  of  the  workmen  under  him.  In  conclusion  I  wish 
to  say,  that  I  am  greatly  indebted  to  my  scientific  assistant,  Mr.  John 
R.  Wagner,  M.E.,  for  the  material  aid  he  has  given  me  in  the  prep- 
aration of  this  paper.  The  drawings  were  all  prepared  and  arranged 
under  his  direction,  and  much  of  the  other  work  had  the  advantage 
of  his  careful  supervision. 

LIST     OF    PLATES. 

I.  Details  of  bars. 
II.  Side  elevation  of  continuation  of  dump,  bars,  plat- 
form, etc. 

III.  Plan  of  continuation  of  dump,  finger  and  oscillat- 

ing bars. 

IV.  Plan  of  platform,  etc.,  shown  in  Plate  II. 
V.  Gyrating  mechanism. 

VI.  Single  gyrating  screen  (with  various  styles  of  cones 
and  tracks). 
VII.  Side  elevation  and  plan  of  single  gyrating  screen. 
VIII.  Front  elevation  of  single  gyrating  screen. 
IX.  Box  bed-plate  for  single  gyrating  screen. 
X.  Front  view  of  double  gyrating  screen,  as  originally 

built. 
XI.  Double  gyrating  screen  ;    plan,  front  and  side  ele- 
vation. 
XII.  View  (from  photograph)  of  double  gyrating  screen, 
with  lips  and  three  slate-pickers. 

XIII.  Adjustable  corrugated  rolls. 

XIV.  Fixed-distance  corrugated  rolls. 
XV.  Taper  corrugated  rolls. 

XA^I.  Sections  of  roll-teeth. 
XVII.  Egg  and  stove-coal  intermediate  picking-chutes. 
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XVIII.  Combination   of  egg  and    stove-coal    intermediates, 
etc.    (upper   cut),  and    broken   coal    intermediate 
picking-chute  (lower  cut). 
XIX.  Combination^of  egg  and  broken  intermediates,  Ui. 
XX.  Jig. 
XXI.  Automatic  slate-picker. 
XXII.  Gyrating  separator. 

XXIII.  Crushed-coal  elevator. 

XXIV.  Steamboat  loading-lip. 
XXV.  Pocket  loading-lip. 

XXVI.  Gunboat ;  side  and  end  elevations. 
XXVII.  Gunboat;  plan. 
XXVIII.  Mine-car  dump. 
XXIX.  Gunboat-dump. 

XXX.  Barney-pit  and  bridge. 
XXXI.  Barney. 
XXXII.  Barney-dump. 

XXXIII.  Side  elevation  of  breaker  (looking  west). 

XXXIV.  End  elevation  of  breaker,  jig-house  and  pockets. 
XXXV.  Plan  of  upper  part  of  breaker. 

^  ^^        '     I  Details  of  posts,  struts  and  tie-rods. 
-X  X  X  Nil .    J 

XXXVIII.  View  (from  photograph)  of  completed  breaker  from 
the  southwest,  showing  plane  and  jig-house. 
XXXIX.  View  (from  photograph)  of  breaker  from  southeast, 
showing  settling-tank  and  lump-chute. 
XL.  Intermediate  plan,  showing  the  principal  machinery 
used  in  the  preparation  of  coal,  except  the  jig- 
tanks  and  oscillating  bars. 
XLI.  Ground  plan  of  breaker. 
XLII.  Plan  of  chutes  from  wet-screens  to  jigs,  and  from  jigs 

to  pockets. 
XLIII.  Diagram  of  preparation. 

CATALOGUE  OF  MACHINES  AND  STRUCTURES  AND 
THEIR  PARTS. 

The  various  machines  and  structures  are  designated  throughout 
these  plates  by  letters,  a  given  letter  always  meaning  the  same  thing; 
and  in  the  detail  drawings  the  several  parts  are  indicated  by  numbers, 
a  given  number  in  any  drawing  of  the  same  machine  or  structure 
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always  meaning  the  same  part.     The  following  lists  will  facilitate 
the  consultation  and  comparison  of  the  drawings : 

List  of  Letters. 

• 

A,  barney-pit;  A,  barney-bridge;  A.,,  barney;  B,  plane;  C, 
barney-dump;  Q,  gunboat-dump;  D, dump-chute;  Dj,  lump-chute, 
circular;  E,  fixed  finger-bars  in  dump-chute;  Ej,  oscillating  bars; 
Ej,  adjustable  bars  ;  E3  and  E^,  fixed  finger-bars  in  lump-  and  steam- 
boat loading-lip;  F,  platform  ;  G,  lump-rolls  (pure);  Gj,  lump-rolls 
(slate-coal);  Gg,  steamboat  (pure);  G3,  broken  (slate-coal);  G^,  egg 
(slate-coal);  G5,  stove  (slate-coal);  Gg,  chestnut  (slate-coal);  G^,  flat 
chestnut-rolls;  Gg,  tapered  corrugated  rolls;  H,  mud-screen  pocket; 
I,  broken-coal  intermediate  picking-chutes;  Ij,  egg  and  stove-coal 
intermediate  picking-chutes  ;  J,  stove-jigs;  J^,  chestnut-jigs;  J^,  flat 
chestnut-jig;  J3,  pea-jigs;  J^,  No.  1  buckwheat-jig;  J., No.  2  buck- 
wheat-jig; Jg,  No.  3  buckwheat-jig;  K, broken-size  automatic  slate- 
and  flat-coal  pickers ;  K^,  egg-size  ditto;  K,,,  stove-size  ditto;  Kg, 
chestnut-size  gyrating  picking-lip;  K^,  gyrating  flat  chestnut-sepa- 
rator; L,  elevator;  M,  slate-drag  (jigs);  M^  supplementary  coal- 
drag  (from  loading-lips  under  pockets);  Mj,  main  coal-drag;  M3, 
dust-drag  (settling-tank);  N,  slate-conveyor ;  O,  picking-table  for 
steamboat  and  broken ;  Oj,  ditto  for  egg ;  O2,  picking-table  under 
automatic  stove-pickers ;  P,  lump-coal  chute;  Pj,  steamboat-chute; 
Pj,  broken-coal  pocket ;  P3,  egg-coal  pocket ;  P^,  stove-coal  pocket ; 
Pg,  chestnut-coal  pocket ;  P^,  pea-coal  pocket ;  P^,  Pg,  Pg,  coal-pockets 
for  Nos.  1,  2  and  3  buckwheat  respectively  ;  Q,  loading-lip  for  lump- 
coal  chute;  Qi,  ditto  for  steamboat-chute;  Qj,  ditto  for  broken-coal 
pocket;  Q3,  ditto  for  egg-coal  pocket ;  Q^,  ditto  for  stove-coal  pocket ; 
Qg,  loading-lip  for  ciiestnut-coal  pocket;  Qg,  ditto  for  pea-coal 
pocket ;  Q^,  Qg,  Qg,  ditto  for  No.  1,  No.  2  and  No.  3  buckwheat  re- 
spectively; R,  one  cast  column,  lower  section;  Ri,  ditto  second  sec- 
tion ;  R.,,  ditto  third  section  ;  R3,  ditto  upper  section  ;  R-.«5,  one  cast 
strut;  R-t,  two  styles  of  tie-rods;  R-p,  pin;  S,  pure  crushed-coal 
screen,  north  box;  Sj,  crushed  slate-coal  screen, south  box  ;  Sj,  mud- 
screen  ;  S3,  wet-screen ;  S^,  dry  broken  pure-coal  screen;  T,  lump- 
coal  loading-track;  1\,  steamboat  ditto;  T„  outside  ditto;  T3,  in- 
side ditto;  T„  reloading  mine-car  track;  U,  steamboat  picking- 
chutes;  Ui,  broken-coal  picking-cbutes;  Uj,  egg-  and  stove-coal 
picking-chutes;  V,  slate-drag  engine;  W,  Westinghouse  engine  for 
running  jigs;  X,  standard  mine-car;  X,,  gunboat;  Y,  mine-car 
dump;  Z,  settling-tank. 
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Plate  I. — Details  of  Bars. 

Numbered  Parts. — On  adjustable  bars  E^:  2,  web;  3,  base  of  bar- 
bearer;  4,  V-shappd  groove  in  bar-bearer  to  receive  V-sli aped  end 
of  web  (8)  on  bar;  5,  circular  head  of  bar  ;  6,  slot  to  receive  flange 
(7)  of  bar-bearer  ;  7,  lower  flange  of  bar-bearer ;  8,  V-shaped  end  of 
web  on  right  of  bar;  9,  V-shaped  end  of  web  on  left  of  bar. 

On  finger-bars  E,  E3  and  E^ :  2,  face  curved  to  fit  under  flange  of 
I-beaiu  forming  bar-bearer;  3,  point  or  free  end  of  bar;  4,  semi- 
circular bolt-holes;  5,  lateral  edge  of  fixed  end  of  bar;  6,  fixed  end 
of  bar ;  7,  recess  to  allow  a  chipping-face  along  (2). 

On  oscillating  bar  E, :  18  and  19,  hook-hub  on  short-  and  long- 
nosed  bar  respectively;  24,  planed  roller-plate;  27,  planed  roller- 
surface  ;  28,  roller ;  35,  upper  inclined  surface  of  bar ;  36,  upper  hori- 
zontal surface  of  bar  ;  37,  face  of  hook-hub;  38,  projection  of  hub  ; 
42;  distance-guides ;  43,  short  nose ;  44,  long  nose  ;  45,  swivel ;  46, 
tie-rods  ;  47,  vertical   brace  ;  48,  square  head  on  tie-rods. 

Plates  II.  and  III. — Elevation  and  Plan  of  Dump-Chute, 
Bars,  Mud-Screen  Pocket,  Platform,  Etc. 

Numbered  Parts. — On  dump-chute  D  and  finger-bars  E  (see  Plate 
I.):  2,  sides  on  chute-bottom;  3,  cast-iron  chute-plates;  4,  web  on 
chute-plates;  5,  12-inch  I-beam  supj)orting  chute-plates;  6,  angle- 
iron  on  I-beara ;  7,  brace  for  I-beam;  8,  top  flange  of  dump-girders; 
9,  fish-plate  on  upper  side  of  I-beam;  10,  clamp-lug  on  under  side 
of  chute-plate. 

On  oscillating  bars  Ei  (see  detail,  plate  I.) :  2,  driving-pulley  (see 
plan,  Plate  III.);  3,  driving-shaft;  4,  pedestals  for  driving-shaft; 
5,  eccentric  sheave  for  long  eccentric-rod  (7) ;  6,  eccentric  sheave  for 
short  eccentric-rod  (8) ;  7,  long  eccentric-rod  ;  8,  short  eccentric-rod  ; 
9  and  10,  suspension-links  for  long  and  short  eccentric-rods  respec- 
tively;  11  and  12,  carrying-shafts  for  long  and  short  eccentric-rods 
respectively  ;  13  and  14,  upper  suspension-pins  in  links  (9)  and  (10) 
respectively  ;  15,  suspension-plate,  overhead  ;  16  and  17,  lower  sus- 
pension-pins in  links  (10)  and  [9)  respectively;  18, hook-hub  on  short- 
nosed  bar;  19,  hook-hub  on  long-nosed  bar;  20,  fulcrum-pin  for 
gate;  21,  sheet-iron  plate  on  gate;  22  and  23,  discharge-ends  of 
long-nosed  and  short-nosed  bars  respectively  ;  24,  planed  roller-plate 
(see  Plate  I.);  25  and  26,  eccentric-straps  on  long  and  short  rods 
respectively ;   27,    planed    roller-surface   on    end  of  bar ;   28,  steel 
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rollers;  29,  fulcrum-plate  for  gate;  30,  gate-arras ;  31,  angle-stiff- 
eners  for  gate  ;  32,  diamond-pointed  gate-bars ;  33,  lifting-hook  on 
gate  ;  34,  lifting-link  on  gate  ;  35,  upper  inclined  surface  of  bar  ;  36, 
upper  horizontal  surface  of  bar ;  37,  face  of  hook-hub ;  38,  projec- 
tion of  hub ;  39,  side-plates  enclosing  bars  ;  40,  wedge  in  center  of 
bar-approach  ;  41,  cast-iron  beam  above  suspension-plates;  42,  dis- 
tance-guides (see  Plate  I.). 

On  mud-screen  pocket  H :  2,  twelve-inch  I-beam  for  supporting 
bottom-plates  ;  3,  connecting-angles  for  I-bearas  ;  4,  bottom-plates  ; 
5,  joint  of  bottom-plates ;  6,  connecting-angle  for  I-beam  (7) ;  7, 
twelve-inch  I-beam  for  supporting  plate  of  lower  end  of  pocket;  8, 
stiffener  for  I-beam  (7) ;  9,  plate  for  end  of  pocket ;  10,  stiff'ener  for 
I-beam  and  support  for  pocket-plate;  11,  I-beam  for  supporting 
upper  end  of  platform  and  end  of  pocket. 

On  Platform  F  :  12, slate-hole;  13,  slate-coal  hole  for  coal  going 
to  lump-rolls,  Gi;  14,  chute  for  slate-coal  from  platform  to  lump- 
rolls,  Gi ;  Gi,  slate-coal  lump-rolls;  2,  guards  to  prevent  coal  from 
leaving  space  between  rolls. 

On  adjustable  bars,  Ej,  at  head  of  lump-chute:  2,  web  of  bar; 
3,  base  or  shoulder  of  bar-bearer;  4,  V-shaped  groove  in  bar-bearer; 
5,  timber  for  supporting  upper  bar-bearer;  6,  short  post  supporting 
(5) ;  7,  fifteen-inch  I-beam  for  supporting  upper  bar-bearer;  8,  sheet- 
iron  guard-plate  under  adjustable  bars;  G,  pure-lump  rolls;  D^, 
lump-chute. 

Plates  VII.,  VIII.,  and  IX. — Single  Gyrating  Screen. 

Numbered  Parts. — 2,  U-bed-plate;  2|,  box-plate;  3,  driving- 
pulley  ;  4,  driving-shaft;  5,  crank-pin  on  shaft ;  6,  sleeve  over  crank- 
pin  ;  7,  brass  bushing  over  sleeve ;  8,  screen-box  ;  9,  front  leg  on 
screen-box  ;  10,  back  leg  on  screen-box ;  11,  cone-track  attached  to 
screen-box  ;  12,  gyrating  cones  ;  13,  cone-tracks  attached  to  bed-plate; 
14,  cone-track  bolts  through  bed-plate;  15,  cone-track  bolts  through 
screen-box  ;  16  and  17,  journal-brasses  for  upper  and  lower  bearings, 
respectively ;  18,  cap-bolts  for  bed-plate ;  19,  step-bearing  for  driving- 
shaft ;  20,  lug  on  cap  for  stud-bolt;  21,  counterbalance;  22,  top- 
jacket ;  23,  24,  and  25,  second,  third,  and  lowest  jackets  respectively; 
26,  top  discharge-chute;  27,  28,  29,  and  30,  second,  third,  fourth, 
and  bottom  discharge-chutes,  respectively;  31,  receiving-chute;  32, 
cap  for  lower  bearing;  33,  cap  for  upper  bearing;  34,  clamp-bolt 
for  fastening  jacket  to  screen-box;  35,  strip  -|-inch  square  on  side  of 
jacket  for  fastening  jacket  to  screen  box  ;  36,  weight  in  counterbal- 
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ance(21);  37,  bolts  for  cap  on  step-bearing;  Plate  TX.,  box  bed- 
plate, 

Plate  XL — Double  Gyrating  Screen. 

Numbered  Parts. — 2,  gyrating  cones;  3,  cone-tracks ;  4,  front  and 
back  bed-plate  castings;  5,  connecting  box-castings,  for  bed-plate; 
6,  middle  balance-pulley;  7,  vertical  eccentric- shafts ;  8,  eccentric; 
9,  eccentric  pedestal;  10,  screen -box  ;  11,  receiving-lip  (on  back 
end);  12,  jacket-supports;  13,  discharge-lips  (front);  14,  bushing 
over  crank-pin  on  side  balance-shaft;  15  and  16,  side  balance-shaft, 
and  balance-pulley;  17,  counterbalance;  18,  crank-pin  on  counter- 
balance-shaft;  19,  side  bed-plate  braces,  20,  step-pedestal  on  coun- 
terbalance-shaft; 21,  step-pedestal  on  eccentric-shafts;  22,  upper 
eccentric-shaft  pedestal-caps  ;  23  and  24,  outer  and  inner  laps  of 
balance-belt ;  25,  upper  balance-shaft  pedestal  ;  26,  step-pedestal 
cap;  27,  cone-track  bolts;  28,  face-plates  on  bottom  of  screen- 
boxes  for  cone-tracks;  29,  eccentric-pedestal  caps;  30,  driving- 
pulley  ;  31,  balance  crank-pin  pedestal ;  32,  vvrought-iron  straps 
enveloping  counterbalance. 

Plate  XIII. — Adjustable  Rolls. 
Numbered  Parts. — 1,  pinion;  2,  short  shaft;  3,  long  or  driving- 
shaft;  4,  body  of  rolls;  6,  bed-plate;  7,  movable  pedestal  ;  10,  bed- 
plate bolts;  12,  fixed  pedestal-bolts;  13,  long  bevel-wheel  shaft;  14, 
large  bevel-wheel;  15,  break-piece;  16,  short  bevel-wheel  shaft; 
17,  square  nut  on  short  bevel-wheel  shaft;  18,  journal-boxes  in 
movable  pedestal;  19,  long  bevel-wheel  shaft-bracket;  20,  cap  on 
movable  pedestal ;  21,  plate  over  break-piece  (15) ;  22,  fixed  pedestal- 
cap;  24,  small  bevel-wheel;  25,  chilled  points  of  roll-teeth. 

Plate  XIVj, — Fixed-distance  Rolls. 
Numbered  Parts. — 1,  pinions;. 2,  short  or  driven-shaft ;  3,  long  or 
driving-shaft;  4,  body  of  rolls;  5,  cotter  or  gib;  6,  bed-plate;  7 
and  8,  pedestal  for  long  and  short  shafts  respectively;  9,  pedestal- 
cap;  10,  bed- plate  bolt ;  11,  lid  on  oil-cavity  in  pedestal-cap;  12, 
pedestal-bolts;  25,  chilled  points  of  roll-teeth. 

Plate  XV. — Tapered  Corrugated  Rolls. 
Numbered  Parts. — 1,  bevel-wheels;  2,  short  shaft;  3,  driving  or 
long  shaft;  4,  body  of  rolls;  6,  bed-plate;  7  and  8,  pedestals  for 
long  and  short  shafts  respectively;  10,  bed-plate  bolts;  25,  chilled 
points  of  roll-teeth. 


468  THE    IRON    BREAKER    AT    DRIFTOX. 

Plate  XVI. — Sections  of  Roll-Teeth. 

(Scale  J  of  actual  size.) 
Numbered  Parts. — 4,  body  of  rolls;  25,  showing  extent  of  chill 
on  points  of  roll-teeth;  26,  roll-teeth. 

Plates  XYII.,  XYIII.  and  XTX.— Picking  Chutes. 
Numbered  Parts. — 2,  sharp  angle  in  I  and  round  angle  in  T^ ; 
3,  inclined  or  curved  portion  of  bottom  ;  4,  low  or  delivery-end  of 
intermediate  chute  I  and  I^;  5,  bolt-holes  in  flanges  of  I ;  6,  flanges 
of  intermediates;  7,  side  of  trough  at  angle  (2);  8,  arrow  in  receiving- 
chute  of  Ui  and  U2 ;  9,  arrow  showing  direction  of  coal  into  inter- 
mediate!; 10,  delivery-chute;  12,  bottom  of  intermediate  I^ ;  13, 
side  of  intermediate  cut  out  for  convenience  of  slate-pickers ;  14, 
space  for  slate-pickers  to  sit  in,  Uj  and  Uj;  15,  free  sides  of 
receiving-chutes;  16,  receiving-end  of  intermediates;  17,  sheet-iron 
bottom  of  receiving-chutes;  18,  upper  end  of  deli  very -chutes. 

Plate  XX. — Jig. 

Numbered  Parts. — 2,  plunger-chamber;  3,  part  of  tank  directly 
under  plunger  (40) ;  4,  dirt  and  water-chamber;  5,  space  into  which 
coal  enters;  6,  dash-plate ;  7,  space  into  which  pure  coal  rises; 
8,  middle  jacket-support;  9,  slate  hopper  for  sizes  below  stove;  9|, 
slate-hopper  for  stove-coal;  10,  upper  slate  discharge-gate  frame; 
11,  upper  slate  discharge-gate  ;  12,  vertical  rod  for  moving  slate-gate 
(1 1);  13,  lower  discharge  gate-frame  for  sizes  below  stove;  13|,  ditto 
for  stove-coal;  14,  wood  facing  in  (15);  15,  lower  slate  discharge- 
gate  for  sizes  below  stove;  15|,  ditto  for  stove-coal;  16,  horizontal 
lever  connected  with  (15);  17,  bell-crank  for  operating  slate-gate 
(11) ;  18,  lever  for  operating  bell-crank ;  19  and  20,  water-  and  dirt- 
discharge-gate-frame  and  gate  respectively;  21,  lever  for  operating 
dirt-and  water-discharge-gates;  22,  sheet-Iron  covering;  23,  table  on 
which  coal  is  ])icked  from  slate;  24,  sheet-iron  chute  upon  which  slate 
is  dropped  ;  25,  sprocket-wheel  shaft ;  26,  sprocket-wheel  for  slate- 
drag;  27,  slate-drag  chain  with  attachments;  28,  flight  of  chain;  29, 
cast-iron  slate  drag-trough  ;  30,  cast  bracket  for  bell-crank  shaft ;  31, 
cast  regulating-plate  for  slate-exit;  32,  cast  overflow-plate;  33,  cast 
draining-plate  in  bottom  of  coal-drag;  34,  sprocket-wheels  for  coal- 
drag;  35,  ditto,  connecting  pipe-rods;  36,  eye-bolt  on  sprocket- 
wheel  shaft  into  (35) ;  37,  perforated  jacket  forming  bottom  of  jigging- 
chamber;  38,  plank  floor  to  carry  sheet-iron  chute;  39,  water-tight 
floor  (white  pine  boards);  40,  plunger;   41,  cast  plunger-rod  foot- 
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eiifl ;  42,  wrought-iron  portion  of  plunger-rod  (oak  filling);  43,  fly- 
wheel pulley  ;  44,  slotted  arm  ;  45,  slotted  erank-diso  ;  AG,  plunger- 
rod  arm  ;  47,  sliding  block  ;  48,  crank-pin  and  nut  for  craid<-disc; 
49,  driving-shaft;  50,  plunger-rod  shaft;  51,  pedestal  for  (50);  52, 
pedestal  for  (49) ;  53  and  54,  sprocket-wheel  driving-shaft  and 
pulley  (coal-drag);  55,  pedestal  for  (53);  56  (in  ])lan),  sprocket- 
wheel  counter-shaft;  57,  slot  iu  44;  58,  sliding-block  bushing. 

Plate  XXI. — Automatic  Slate-Picker. 

Numhered  Parts. — 2,  wider  inclined  face  ;  3,  abrupt  face  ;  4,  taper 
slots  ;  5,  transverse  supporting-bars. 

Plate  XXII. — Gyrating  Separator. 

Numbered  Parts. — 2,  screen-box ;  3,  running-plate  on  box  ;  4, 
support  for  bottom  running-plate;  5,  bottom-running  plate;  7, 
wrought-iron  pedestal  for  crank- pin;  8,  cast  pedestal  for  crank  ;  9, 
crank-shaft;  10,  counterweight-pulleys ;■"!],  discharge-chute,  under 
slate-picker  (14) ;  12,  angle-iron  supporting  jacket ;  13,  screen-jacket, 
J-inch  mesh;  14,  automatic  picker;  15,  discharge-chute  for  what 
goes  over. 

Plate  XXIII.— Crushed-Coal   Elevator. 

Numbered  ParU. — 2 and  3,  elevator-chain  and  bucket;  4,  sprocket- 
wheel  ;  5,  traction-wheel  ;  6,  upper  pedestals;  7,  upi)cr  pedestal-caps  ; 
8,  main  part  of  bottom  of  upper  conveyor-trough;  9  and  10,  long 
and  short  sides  of  upper  trough;  11,  12  and  13,  flaring  sheets  to 
form  discharge-li))  from  upper  conveyor-trough  ;  14,  sprocket-wheel 
shaft;  15,  spur-wheel  on  sprocket-wheel  shaft;  16,  flare  on  uptake- 
plate,  to  prevent  spilling;  17,  sheet-iron  forming  bottom  of  lower 
trough;  18,  sole-plate  for  lower  movable  pedestal;  19  and  20, 
adjustable  lower  pedestal  and  cap;  21,  lower  tension  traction-wheel ; 
22,  receiving-lip  on  screen-box  (S.„) ;  23,  curved-down  end  of  bot- 
tom of  upper  trough  on  uptake  side;  24,  sheet-iron  casing  on  down- 
take  side. 

Plate  XXIV. — Steamboat  Loading-Lip. 

Numbered  Parts. — 2,  flaringsides  of  lip  above  bars;  3,  flaringsides 
of  lip  on  either  side  of  bars  (7);  4,  timber;  5,  cast-iron  plates  in 
mouth  of  lip;  6,  bar-bearer;  7,  finger-bars  (see  E^,  Plate  I  ) ;  8, 
diamond-pointed  gate-bars;  9,  stationary  part  of  spout;  10,  sliding 
p'lrt  of  spout ;  n,  planking,  forming  breast  of  gate  ;  12,  flanges  on 
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end  of  bar-bearer  (6);  13,  finger-bar  bolts;  14,  stiffeners  on  end  of 
sheets  (3);  15,  screenings-hopper  under  bars;  16,  inclined  trough 
leading  to  screenings-drag  M^  (see  Plate  XXXIV.) ;  17,  bracket  for 
carrying  friction-roller  (18)  running  on  (9);  18,  friction-roller  run- 
ning on  (9);  19,  gate-arms;  20,  gate-fulcrum;  21,  hanger  for  long 
friction-roller  under  movable  spout ;  22,  long  friction-roMer  under 
sliding  spout;  23,  shaft  for  long  friction-roller  ;  24,  bottom  flange 
on  side  sheet  (2) ;    25,  point  of  partition-wedge. 

Plate  XXV. — Loading-Lips  for  Pockets. 

Numbered'  Parts. — 2,  post  of  breaker ;  3,  I-beam  supporting 
plates  forming  floor  of  pockets;  4,  floor  of  pockets;  5,  bracket  on 
post  to  support  I-beam  ;  6,  side-sheets  on  inside  spout ;  8,  screen- 
jacket  forming  bottom  of  lip  ;  9,  side-sheet  of  stationary  part  of  spout 
on  outside  lip  ;  10,  side-sheet  of  adjustable  spout  on  outside  lip;  11, 
long  roller  under  adjustable  lip;  12,  axle  for  long  roller  (11);  13, 
angle-iron  support  for  screen-jacket  for  outside  lip;  14,  fulcrum- 
bracket  for  gate;  15,  gate  for  outside  lip  ;  16,  bracket  for  attaching 
rope;  17,  frame  for  friction-rollers,  rolling  on  (9);  18,  friction- 
rollers,  running  on  (9);  19,  slot  to  admit  gate-fulcrum;  20,  angle- 
iron  support  for  screen-jacket  on  inside  lip  ;  21,  gate  for  inside  lip  ; 
22,  bracket  for  attaching  rope  ;  23,  fulcrum-bracket  for  gate;  24, 
slot  to  admit  gate-fulcrum  ;  25,  rib  on  floor  of  j)ocket  to  attach  rope- 
pulley  ;  26,  pedestal  for  rope-pulley;  27,  rope-pulley  ;  28,  sheet-iron 
forming  inside  of  drag-hopper ;  29,  sheet-iron  forming  outside  of  drag- 
hopper;  80,  angle-connection  between  drag-hopper-side  and  outside 
spout;  31,  cast  drag-trough;  32,  drag-flights;  33,  brace  to  support 
inside  of  drag-hopper;  34,  hanger  for  long  friction-roller;  35,  an- 
gle-connection between  post  and  outside  sheet  of  drag-hopper ;  36, 
angle-connection  between  inside  sheet  of  drag-hopper  and  spout;  37, 
built-up  24-inch  I-beam  ;  38,  cast-iron  chair  supporting  I-beam  (3) ; 
39,  rabbet-strip  cast  on  side  of  post;  40,  cast  plates  in  end  of 
pockets  fitting  in  rabbet-strips  (39). 

Plates  XXVI.  and  XXVII.— Gunboat. 

Numbered  Parts. — 9,  front  wheel;  10,  back  wheel;  11,  front 
axle;  12,  back  axle;  14,  rope-socket;  15,  link  connecting  rope- 
socket  and  swivel;  16,  swivel;  17,  clamp  over  pulling-beam  ;  18, 
head  of  swivel-pin  ;  19,  spreader-bar  (I-beam);  20,  front  pulling- 
bar;  21,  pin  for  front  pulling-bar  ;  22,  front  side-stitfeners ;  23, 
back    pulling-bar;  24,   pin   for   back    pulling-bar;  25,   stirrup  for 
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pulling-bars  ;  26,  guide  for  pulling-bars;  27,  wings  on  mouth  of 
gunboat;  28,  pedestal  for  back  axle;  29,  pedestal-cap  for  back  axle  ; 
30,  brass  bearing  for  back  axle;  31,  long  side  of  hinges  for  wings; 
32,  short  side  of  hinges  for  wings  ;  34,  angle-part  for  side-sheet ; 
35,  stiflfeners  for  mouth  at  wings  ;  36,  rest  for  wings  ;  37,  pin  for 
wing-hinges;  38,  side-sheet;  39,  back  brace  for  inside;  40,  front 
brace  for  inside;  41,  pedestal-cap  for  front  axle;  42,  pedestal  for 
front  axle  ;  43,  angle-iron  stiffeners  ;  44,  riveting-plate  on  spreader- 
bar  (19),  Plate  XXVII.;  45,  top  sheet;  46,  bottom  sheet;  47, 
back  sheet;  48,  pin  in  cone-socket;  49,  side- and  bottom-binder;  50, 
nut  on  pin  for  front  pulling-bar;  51,  bolts  for  front  pedestal-cap; 
62,  bolts  for  back  pedestal-cap. 

Plate  XXVIII.— Mine-Car  Dump. 

Numbered  Parts. — 2,  cradle ;  3,  curved  rack  ;  4,  locking-arm  ; 

5,  connecting-link  ;  6,  cam;  7,  pedestals;  8,  hand-lever;  9,  back 
cradle-shaft;  10,  front  cradle-shaft;  12,  lever  and  cam-shaft;  13, 
horn. 

Plate  XXIX. — Gunboat-Dump. 

Numbered  Parts. — 2,  rail  for  front  wheel ;  3,  flat  strap  of  iron 
upon  which  rear  wheels  of  gunboat  run  ;  4,  flat  iron  strap  to  pro- 
tect timber  and  act  as  guide  ;  5,  second  abrupt  change  in  back-wheel 
track;  6,  ai)rupt  change  in  front-wheel  track ;  7,  third  abrupt  change 
in  back-wheel  track;  8,  timber  upon  which  back-wheel  track  is 
built;  13,  eight-foot  rope-sheave;  29,  floor  of  upper  part  of  plane. 

On  gunboat:  9,  front  wheel;  10,  back  wheel;  11,  front  axle; 
12,  back  axle  ;  14,  rope-socket ;  15,  link  connecting  rope-socket  and 
swivel;  16,  swivel;  17,  clamp  over  S))reader-bar ;  18,  head  of 
swivel-pin;  19,  spreader-bar  (I-beam);  20,  front  pulling-bar;  21, 
pin  in  front  pulling-bar  ;  22,  guide-strip  to  prevent  pin  (21)  from 
striking;  23,  back  pulling-bar;  24,  pin-connection  between  stirrup 
and  back  pulling-bar  (23) ;  25,  stirrup  for  pulling-bars;  26,  guide  for 
pulling-bars;  27,  wings  on  mouth  of  gun-boat;  28,  back  pedestal. 

On  dump-chute:  2,  sides  on  chute-bottom;  3,  cast-iron  chute- 
plates;  4,  web  on  chute-plates;  5,  I-beara  supporting  chute-plates; 

6,  angle-iron  stiffener  on  I-beam;  7,  brace  for  I-beam;  8,  top  flange 
of  dump-girders;  9,  fish-plate  on  upper  side  of  I-beam. 

Plate  XXX. — Barney-Pit  and  Bridge. 

Numbered  Parts. — 2,  trunnion-stanchion;  3,  trunnion-pedestal, 
right  hand;  4,  trunnion-pedestal,  left   hand;  5,  vertical   timber  to 
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receive  trunnion-pedestal  (4);  6,  horizontal  timber  carrying  trun- 
nion-pedestal (3);  7,  bridge-rails;  8,  upper  rocker-bar,  automatically 
shifted  by  barney-axle,  throwing  levers  (9)  and  (10),  the  latter  pulling 
(14)  and  closing  bridge  Ajj  9,  upper  idle  rocker-lever;  10,  upper 
acting  rocker-lever;  11,  brace-end  supporting  counterweight,  13; 
12,  counterweight-lever;  13,  counterweight  to  balance  bridge- 
shifting  mechanism;  14,  upper  shifting-rod  to  close  bridge  Aj;  16, 
mine-car  rail ;  17,  rail  for  elevating  pusher  on  upward  motion  ;  18, 
rail  in  pit  for  barney-truck  wheels;  19,  lower  idle  rocker-lever ;  20, 
lower  rocker-bar  for  opening  bridge,  operated  by  axle  of  barney-truck 
on  downward  motion;  21,  lower  acting  rocker-lever;  22,  bearing 
for  (21 ) ;  23,  bolts  for  (22) ;  25,  bearing  for  (19);  26,  bolts  for  (25) ;  27, 
overhead  guard-rail  for  barney-truck  wheels;  28,  bearing  for  pusher- 
latch  (29);  29,  pushe7'-latch  raised  on  downward  motion  of  barney; 
30,  releasing-lever ;  31,  bearing  for  trip-lever  (33) ;  32,  pin  for  trip- 
lever;  33,  trip-lever  for  raising  check-bar  (43);  34,  trip-rod  to  raise 
levers  (42)  and  (43) ;  35,  rocker-arms  to  lower  levers  (42)  and  (43) ;  36  > 
stop  on  link  (42);  37,  counterweight-lever ;  38,  releasing-rod;  39, 
rocker-shaft;  40,  trip-counterweight ;  41,  set-screw  on  trip- weight  ; 
42,  check-link  ;  43,  check-bar ;  44,  washer  for  spring-bearing  ;  45, 
check-spring;  46,  check-bar  buffer;  47,  washer  on  check-bar;  48, 
nut  on  check-bar;  49,  lower  shifting-rod  to  open  bridge;  50, 
bridge-shifter;  51,  fixed  bar  with  pin  on  which  shifter  (50)  turns. 

Plate  XXXI. — Barney. 

Numbered  Part'i. — 7,  back  wheel ;  8,  pusher-wheel  for  raising 
pusher;  12,  check-horn  ;  13,  riding-horn;  14,  wire-rope  socket;  15, 
main  truck-frame;  16,  pusher-shaft;  17,  back  truck-wheel  pedestal; 
18,  front  truck-wheel  axle  ;  19,  lower  sill  of  pusher-frame  ;  20,  wire 
hoisting-rope;  21,  pusher-shaft  brace;  22,  pusher-wheel  axle;  23, 
cap  for  back  truck-wheel  pedestal ;  24,  cap-bolts  for  back  truck- 
wheel  pedestal;  25,  rope-clevice ;  26,  front  truck-wheel;  27,  hook 
on  end  of  pusher-shaft  brace ;  28,  pin  for  rope-clevice ;  29,  cotter 
for  rope-clevice  pin  ;  30,  top-bolts  for  pusher-shaft  brace  ;  31,  base- 
bolts  for  back  truck-vvheel  pedestal ;  32,  tie-bolts  for  pusher-shaft 
strap;  33,  braces  in  pusher-frame;  34,  pusher-shaft  strap;  35,  bind- 
ing-bolts for  pusher-frame ;  36,  thin  binding  for  pusher-frame  ;  37, 
front  truck-wheel  pedestal ;  38,  cap  for  front  truck-wheel  pedestal  ; 
39,  bolts  for  front  truck-wheel  pedestal;  40,  guard  for  rope;  41, 
u])per  sill  of  pusher-frame ;   42,   base-bolts  for  front   truck-wheel 
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pedestal ;  43,  vertical-bolts  for  front  truck-wheel  pedestal ;  44, 
bumper-plate  for  pusher  ;  45,  bolts  for  huin[)cr-plate  on  pusher  ;  46, 
bolts  for  braces  in  pusher-frame;  47,  bottom  brace-bolts  for  pusher- 
shaft;  49,  large  timber  under  pusher-shaft;  50,  binding-bolts  for 
front  part  of  truck-frame;  51,  cast-iron  bearing-block  for  pusher- 
shaft. 

^       Plate  XXXII. — Barney-Dump. 

Numbered  Parts  (for  parts  of  the  barney  proper,  the  numbers  on 
this  plate  are  the  same  as  those  on  the  corresponding  parts  of  Plate 
XXXI.). — 2,  mine-car  rail ;  3,  barney-rail ;  4,  abrupt  change  in 
grade  of  barney-rail;  5,  second  change  in  grade  of  barney-rail ;  6, 
clieck-horn  on  end  of  mine-car  rail  (2);  27,  five-foot  sheave-wheel ; 
28,  heavy  timber  under  rails;  29,  floor  on  top  of  plane;  30,  beam 
over  wrought-iron  girders. 

On  mine-car:  9,  tail-gate;  10,  gate-latch  ;  11,  bumper;  17,  cross- 
beam on  back  of  car;  23,  front  car-wheel  axle;  24,  front  car-wheel ; 
25,  back  car  wheel. 

On  dump-chute:  2,  sides  on  chute-bottom;  3,  cast-iron  chute- 
plates;  4,  web  on  chute-plates;  5,  I-beam  supporting  chute-plates; 
6,  angle-iron  stiffener  on  I-beam  ;  7,  brace  for  I-beam  ;  8,  top  flange 
of  dump-girders;  9,  fish-plate  on  upper  side  of  I-beam. 

Plates  XXXIII.  and  XXXIV. — Side  and  End  Elevations 

OP  Breaker. 
Numbei'ed  Parts. — 2,  built-up  I-beam  carrying  dump  ;  3,  large 
girder  at  top  of  mud-screen  pocket;  4,  taper  built-up  girder,  form- 
ing sides  of  mud-screen  pocket,  H,  and  carrying  dump-chute  and 
bars ;  5,  built-up  I-beam  carrying  platform,  F ;  6,  check-horn  on  end 
of  mine-car  rail  on  dump,  C,  Plate  XXXII. ;  7,  inside  girder  carry- 
ing sheaves  (18);  8,  outside  girder  carrying  sheaves  (18);  9,  fifteen- 
inch  I-beam  carrying  mud-screen,  S.^;  10,  latch  on  tail-gate  of  mine- 
car;  11,  twenty-four-inch  I-beam,  carrying  driving-mechanism  of 
jigs,  also  .screens,  S  and  Sj ;  12,  fifteen-inch  I-beam,  carrying  timbers 
under  wet-screen;  13,  eight-foot  sheaves  at  dump  for  gunboat-rope; 
14,  twenty-four  inch  I-beam,  carrying  east  end  of  jig-tanks;  15, 
I-beam,  carrying  broken-coal  screens,  S4 ;  16,  fifteen-inch  I-beam ;  17, 
twenty-four-inch  built-up  I-beam  under  deep  end  of  pockets;  18, 
eight-foot  sheaves  nearest  to  hoisting-engines,  north  side;  19,  line- 
shaft  from  Westinghouse  engine  for  driving  jigs  ;  20,  line-shaft  for 
driving  di-ags  taking  coal  from  jigs;  21^  pulley  from  which  gyrating 
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separator  K^  is  driven  ;  22,  bevel-wheel  shaft  for  driving  supple- 
mentary coal-drag,  Mj ;  23,  eighteen-inch  built-up  I-beams  for  gun- 
boat and  plane;  24,  slate-chute  under  jigs  (see  PlateXXXIV.) ;  25, 
built-up  I-beam  under  pockets;  26,  rolled  I-beam  at  shallow  end  of 
pockets ;  27,  five  -foot  sheave  on  dump  for  barney-rope  ;  28,  built-up 
I-beam  under  (26) ;  29,  slate-drag  trough  under  jigs ;  30,  screenings- 
hopper  above  T^;  31,  sprocket-wheel  for  driving  suj)plementary  drag, 
Mj;  32,  inverted  fj-i^'OD  opening  latch  (10);  33,  tra^-door  ov^er 
steamboat-rolls,  G2;  34,  twelve-inch  timber  carrying  jig-tanks ;  35, 
lattice-girder  for  jig-house;  36,  I-beam  carrying  S^;  37,  pockets  to 
carry  one  end  of  upper  jig-timbers  ;  38,  chute-floor  for  jig-drawings, 
slate  and  slimes;  39,  vertical  line-shaft;  40,  lump-coal  screenings- 
chute  to  drag,  M^ ;  41,  platform  for  slate-drawer ;  59,  scraper-chain 
of  jigged  coal. 

Plate  XLII. — Plan  of  Chutes  from  Wet- Screen  to  Jigs, 
AND  from  Jigs  to  Pockets. 

Numbered  Parts. — 1,  stove-coal  del i very -ch ute ;  2,  space  in  which 
intermediate  picking-chutes  Ij  are  placed ;  3,  receiving-chutes ;  4, 
same  as  (2);  1,  5,  7,  8  and  9,  stove-coal  delivery-chutes;  10,  chute 
to  gain  pitch  for  pea-coal  delivery  chute ;  11,  pea-coal  delivery- 
chute;  12,  No.  2  buckwheat  delivery -chute ;  13,  No.  1  buckwheat 
delivery-chute  from  jig  direct;  14,  chestnut-coal  delivery-chute  from 
gyrating  separator;  15,  16,  17  and  18,  chestnut  coal  delivery-chutes 
from  jig  direct ;  19,  stove-screen-lip  on  south  box;  20,  jigged-coal 
elevator  shaft;  21  and  22,  stove-coal  chutes  from  screen  to  jigs;  23, 
stove-coal  screen-lip  on  north  box ;  24  and  25,  stove-coal  chute  from 
screen  to  jigs;  26,  pea-coal  screen-lip  on  south  box;  27,  pea-eoal 
chute  to  jigs;  28,  pea-coal  screen-lip  on  north  box;  29,  pea-coal 
chute  to  jigs;  30,  No.  2  buckwheat  screen-lip  on  south  box;  31,  No. 
2  buckwheat  chute  to  jigs;  32,  No.  2  buckwheat  screen-lip  on  north 
box;  33,  No.  2  buckwheat  chute  to  jigs;  34,  No.  1  buckwheat 
screen-lip  on  south  box;  35,  No.  1  buckwheat  chute  to  jigs;  36, 
No.  1  buckwheat  screen-lip  on  north  box ;  37,  flat-chestnut  chute 
to  jig;  38,  39  and  40,  cubical-chestnut  chutes  to  jigs. 
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IBON  AND  LABOR. 

BY  A.    S.    HEWITT,    NEW  YORK    CITY. 
(Presidential  Address  at  the  New  York  Meeting,  September,  1890.) 

After  an  interval  of  fourteen  years,  saddened  for  all  of  us  by  the 
death  of  David  Thomas,  the  father  of  the  anthracite  iron-trade,  first 
president  of  the  Institute,  and  by  the  untimely  loss  of  his  successor, 
Alexander  L.  Holley,  whose  memory  we  are  about  to  honor  by  lov- 
ing services,  the  members  of  the  American  Institute  of  Mining 
Engineers  have  conferred  upon  me  for  the  second  time  the  office  of 
president,  under  circumstances  similar  to  those  which  led  to  the 
choice  in  1876.  Then  the  whole  world  was  represented  at  the  great 
exposition  of  industry  which  was  held  in  Philadelphia  to  celebrate 
the  one  hundredth  anniversary  of  our  declaration  of  political  inde- 
pendence. In  1890  it  is  our  privilege  to  receive  as  guests  the  mem- 
bers of  the  British  Iron  and  Steel  Institute,  who,  with  singular  and 
graceful  felicity,  have  appointed  a  meeting  in  the  United  States  in 
the  year  when  we  pass  from  the  second  to  the  first  place  in  the  inter- 
national column  of  the  production  of  iron,  and  thus  celebrate  our 
industrial  independence.  For  the  honor  of  being  chosen  to  extend 
to  our  distinguished  guests  the  right  hand  of  fellowship  and  a  hearty 
welcome  I  return  to  my  associates  the  grateful  acknowledgment  ot 
one  whose  chief  claim  to  your  favor  is  to  be  found  in  his  love  for  the 
professional  occupation  in  which  we  are  all  engaged,  and  in  his 
efforts,  public  and  private,  to  promote  its  advancement  into  new  fields 
of  usefulness. 

In  order  to  indicate  tlie  full  significance  of  the  visit  of  our  for- 
eign guests  at  this  time,  it  will  be  proper  to  explain  briefly  the 
origin,  aims  and  work  of  the  Iron  and  Steel  Institute.  It  unques- 
tionably owes  its  birth  to  the  International  Expositions  held  in 
London  in  1851  and  1862,  and  in  Paris  in  1867.  These  expositions 
served  to  break  down  the  jealousies  of  nationality  and  to  diffuse  a 
l)etter  knowledge  of  industrial  processes.  Trade- secrets,  which  had 
been  carefully  guarded,  became  common  property;  manufacturers 
who  had  previously  regarded  themselves  as  rivals  formed  bonds  of 
union  and  ties  of  friendship,  as  the  results  of  an  intercourse  which 
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broke  clown  all  prejudices  and  led  them  to  sne  that  their  highest 
interests  would  be  promoted  by  the  free  interchange  of  experience 
and  ideas.  The  progress  of  the  world  in  the  arts  of  civilization 
since  1851  has  been  phenomenal.  In  fact,  the  face  of  the  industrial 
world  may  be  said  to  have  been  entirely  reconstructed  since  the  time 
when  the  first  international  exposition  was  held.  The  figures  which  I 
shall  adduce  in  regard  to  the  development  of  the  iron  and  steel 
industries  during  the  last  decade,  will  make  it  clear  that  new  agencies 
have  been  at  work  for  the  amelioration  of  humanity  and  the  pro- 
gress of  civilization.  Among  these  agencies  I  can  think  of  none 
more  powerful  than  the  influence  exerted  by  the  Iron  and  Steel 
Institute  through  its  meetings,  its  discussions  and  the  publication  of 
its  transactions.  The  comprehensive  nature  of  its  work,  and  the 
absolute  honesty  and  frankness  with  which  it  has  been  carried  on, 
afford  the  best  illustration  of  the  catholicity  of  the  age  in  which  we 
are  so  fortunate  as  to  live,  and  give  promise  of  the  good  time  when 
all  barriers  to  the  intercourse  of  men  shall  be  broken  down,  and  it 
shall  be  demonstrated  that  the  true  interests  of  mankind  are  best 
})romoted  i)y  the  free  i)lay  of  the  laws  of  nature. 

So  far  as  I  know,  this  was  the  first  considerable  organization  of  a 
special  industrial  interest,  deliberately  formed  for  the  acquisition  and 
diffusion  of  scientific  and  practical  knowledge,  independently  of  the 
question  of  profit  and  commercial  results.  I  venture  to  say,  that  in 
the  history  of  the  human  race  there  is  nothing  approaching  the  records 
of  the  Institute  in  the  disclosure  to  the  whole  world  of  the  most  val- 
ual>le  and  intricate  processes,  in  previous  times  regarded  as  special  se- 
crets and  carefully  concealed  as  the  property  of  private  establishments. 

Although  British  in  origin,  the  Institute  has  invited  and  secured 
the  co-o})eration  of  the  ablest  men,  both  j)ractical  and  scientific, 
in  all  countries;  and  its  membership  is  as  widely  diffused  as  are  the 
materials  of  the  great  industry  to  which  it  is  devoted.  Its  organ- 
ization dates  from  1869,  when  it  was  formed  with  292  mem- 
bers; to-day  it  numbers  over  1600.  In  1870  the  world's  product 
of  pig-iron  was  11,900,000  tons;  in  1889  it  amounted  to  24,869,- 
534  tons.  Meanwhile  the  processes  of  manufacture  liave  been 
revolutionized,  and  a  large  portion  of  the  world's  consumption 
ha.s  been  changed  from  iron  to  steel  in  consequence  of  the 
improvements  which  have  been  cither  originated  by  membei'S  of  the 
Institute,  or  made  the  common  pro|)crty  of  manUind  by  the  complete 
disclosures  of  now  discoveries  and  processes  made  in  its  Journal. 
It  is  not  too  much  to  sav  that  the  tone  of  the  trade  has  been  raised 
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to  a  plane  of  intelligence  and  liberality  which  wonhl  have  been 
absolntely  incomprehensible  to  the  past  generation,  and  which  opens 
for  those  who  are  to  come  after  ns  anew  world  of  generons  competi- 
tion in  promoting  the  welfare  of  the  race.  The  history  of  the 
achievements  of  the  Iron  and  Steel  Institute  thus  forms  a  complete 
answer  to  those  who  are  inclined  to  take  a  pessimistic  view  of  human- 
ity; for  it  has  shown  how  all  the  members  of  the  largest  branch 
of  industry,  lying  at  the  very  foundation  of  civilization,  can  be 
brought  to  work  together  for  the  common  good  and  for  the  more 
equitable  distribution  of  the  products  of  human  effort. 

It  has  been  from  time  to  time  the  wise  practice  of  the  Institute  to 
hold  meetings  outside  of  Great  Britain,  in  countries  where  there 
is  a  considerable  development  of  the  iron  and  steel  business.  It 
has  reserved,  however,  its  meeting  in  this  country  until  by  the 
inevitable  growth  of  population  and  the  consequent  development  of 
our  resources,  we  have  become  the  largest  producers  of  pig-iron  and 
of  steel  among  the  nations  of  the  world. 

In  recognition  of  this  felicitous  compliment,  we  can  assure  our 
guests  that  the  time  has  been  accelerated  by  many  years  in  consequence 
of  the  inventions  of  members  of  the  Iron  and  Steel  Institute,  chief 
among  whom,  we  are  glad,  to  say,  still  survives  in  the  conspicuous 
personality  of  Sir  Henry  Bessemer,  cJarum  et  venerahile  nomen,  whose 
absence  on  this  occasion,  in  consequence  of  his  advanced  years, 
causes  a  feeling  of  profound  regret  throughout  the  length  and 
breadth  of  the  land.  They  have  come  largely  to  see  the  fruits  of 
their  own  good  work,  and  it  will  be  our  fault  if  they  do  not  receive 
a  hospitality  which  will  remove  from  their  hearts  anything  of 
regret  that  the  primacy  in  the  production  of  iron  and  steel  is  passing 
from  the  parent  to  the  child.  If  they  have  divided  their  inheritance 
with  us,  we  at  least  are  ready  to  acknowledge  the  obligation,  and  as 
hosts  to  tender  them  the  first  fruits  of  the  magnificent  resources  with 
which  we  have  been  endowed,  and  which  we  have  been  enabled  to 
develop  with  the  co-operation,  counsel,  and  large  experience  of  the 
mother-country. 

Our  own  Institute,  now  consisting  of  nearly  2000  members,  and 
the  Verein  Deutscher  Eisenhuettenleute  of  over  1000  members,  and 
represented  here  by  a  numerous  delegation,  both  owe  their  existence 
to  the  example  of  the  parent  society,  whose  record  they  have  striven 
to  emulate,  and  whose  pre-eminence  is  acknowledged  with  admiration 
and  gratitude. 

Having  thus  endeavored  to  express  our  profound  appreciation  of 
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the  honor  of  their  visit  to  this  country,  I  proceed  now,  in  a  general 
way,  to  indicate  the  subjects  to  which  their  attention  will  necessarily 
be  directed  in  order  to  understand  the  condition  of  the  iron  and  steel 
business  in  this  country,  and  its  further  prospects.  I  shall  carefully 
abstain,  however,  from  all  description  of  the  great  establishments 
which  have  grown  up  in  the  last  ten  years,  of  the  improved  pro- 
cesses which  they  employ,  and  of  the  technical  details  which  will  be 
presented  at  the  international  meetings  by  representatives  of  both 
continents,  fully  qualified  to  deal  with  the  scientific  and  practical 
phases  of  the  business.  I  shall  devote  what  I  have  to  say  to  a  con- 
sideration rather  of  the  conditions  under  which  the  iron  and  steel 
business  has  grown  to  its  present  proportions,  and  to  the  difficulties 
in  the  way  of  its  development  on  the  scale  demanded  by  the  growth 
of  the  world  and  the  progress  of  civilization. 

The  possession  of  fuel  determines  the  direction,  growth  and  remu- 
neration of  modern  industry.  The  mineral-fuel  of  the  world  is 
largely  under  the  control  of  the  Teutonic  races,  and  hence  the 
iron  and  steel  business  has  been  most  extensively  developed  in 
Great  Britain,  Germany  and  the  United  States.  Of  these  three 
countries,  the  latter  has  the  largest  and  most  cheaply  worked 
deposits  of  fuel.  Of  the  country  lying  east  of  the  Mississippi 
river,  the  coal-field  occupies  about  135,000  square  miles,  gen- 
erally covered  by  a  fertile  soil,  traversed  by  natural  water-ways,  and 
tapped  by  railways  aggregating  over  100,000  miles  in  length. 
Around  the  edges  of  this  vast  coal-field  the  other  geological  forma- 
tions bring  to  the  surface  the  deposits  of  iron-ore  belonging  to  the 
successive  strata  from  the  crystalline  rocks  to  the  recent  tertiary 
deposits.  The  accumulation  of  ore  is,  in  some  portions  of  the 
country,  upon  a  scale  of  grandeur  which  may  well  excite  the  wonder 
of  the  beholder.  The  connection  between  these  vast  deposits  of  ore 
and  the  fuel  required  for  smelting  them  is,  as  a  rule,  remarkably  con- 
venient and  easy.  The  magnetites  of  !New  York  and  New  Jersey  have 
been  connected  by  rail  with  the  anthracites  of  Pennsylvania,  so  that 
they  may  be  l)rought  together  upon  favorable  conditions.  The 
hematites  and  specular  ores  of  Lake  Superior  reach  the  coals  of 
Illinois  and  Ohio  by  a  water-communication  which  has  been  so 
perfected  as  to  reduce  the  cost  of  transj)ort  below  one  dollar  per  ton. 
The  magnificent  deposit  at  Cornwall,  in  Pennsylvania,  which  our 
guests  will  visit,  is  within  40  miles  of  anthracite-coal,  and  accessible 
to  coke  at  rates  which  leave  nothing  to  be  desired.  When  we  pass 
to  the  South,  we  find  in  Alabama  that  the  coal  and   ore  are  usually 
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within  25  miles  of  each  other,  and  sometimes  to  be  found  lying  one 
over  the  other  upon  the  same  property.  Between  Pennsylvania 
and  Alabama  the  ranges  of  ore  extend  in  and  along  the  Appa- 
lachian chain,  in  close  proximity  to  admirable  fuel,  which,  during 
the  last  few  years,  has  been  made  accessible  by  railways  and  canals. 
When  the  government  of  the  United  States  was  organized  under 
the  Constitution  in  1789,  the  existence  of  these  coal-fields  was 
unknown,  and  only  a  few  deposits  of  iron-ore  skirting  the  coast  had 
been  opened  for  the  use  of  charcoal  as  a  fuel.  The  first  census  of 
the  United  States,  made  just  a  hundred  years  ago,  disclosed  a  popu- 
lation of  not  quite  4,000,000  inhabitants  residing  near  the  coast, 
without  capital  and  with  no  industries  developed,  except  those  of  a 
domestic  nature,  carried  on  according  to  the  rude  methods  of  a  primi- 
tive civilization.  No  steam-engine  had  as  yet  been  erected  within 
our  borders,  and  no  other  means  of  transportation  existed  except  the 
water-ways  which  had  been  provided  by  nature,  or  the  rough  roads 
over  which  communication  was  kept  up  with  difficulty  between  sparse 
and  distant  settlements.  Except  in  natural  resources,  no  civilized 
people  was  ever  poorer  than  was  this  nation  at  the  close  of  the  Revo- 
lutionary war,  but  none  was  ever  endowed  with  so  much  hope,  courage 
and  intellectual  activity,  or  with  so  grand  a  field  for  the  exercise  of 
these  good  qualities.  Moreover,  our  fathers  were  God-fearing  men, 
who  thoroughly  believed  that  "  the  earth  was  the  Lord's,  and  that 
they  were  His  people."  In  1776  they  had  proclaimed  political  inde- 
pendence,  but  it  was  not  until  1789  that  they  became  a  nation.  The 
same  instrument  which  decreed  the  fusion  of  the  States  into  one 
Union  as  the  fundamental  condition  of  nationality,  to  be  subsequently 
maintained  by  a  war  which  cost  eight  thousand  millions  of  dollars 
and  the  sacrifice  of  more  than  a  million  of  lives,and  is  attested  to-day 
by  a  pension  roll  of  over  one  hundred  millions  of  dollars  per  annum, 
laid  the  foundation  of  industrial  progress  and  independence  by  de- 
claring that  "no  State  shall  pass  any  law  impairing  the  obligation 
of  contracts,"  and  that  "  no  person  shall  be  deprived  of  life,  liberty 
or  property  without  due  process  of  law."  With  the  assurance  of  pro- 
tection thus  afforded,  the  young  nation  started  boldly  out  to  conquer 
sea  and  land.  The  genius  of  Alexander  Hamilton  set  in  motion  the 
wheels  of  progress  by  the  honest  funding  of  the  public  debt,  and  by 
encouraging  the  energies  of  a  race  of  men  ready  alike  to  vex  the 
ocean  with  their  sails  and  to  drive  back  the  Indian  by  their  steady 
march  beyond  the  Alleghanies,  disclosing  the  mineral-wealth  that 
was  stored  within  the  mountain  fastnesses.     Roads  were  built,  over 
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which  toiled  the  cumbrous  Pennsylvania  wagons;  and  the  men  who 
had  inarched  with  bleeding  feet  from  New  Jersey  to  Yorktown  crossed 
the  Alleghany  mountains  and  occupied  the  rich  regions  of  Ohio,  Ten- 
nessee and  Kentucky.  Their  toilsome  paths  were  over  the  coal-beds, 
and  in  their  train  followed  the  canals  and  railroads  which  haveenabled 
us  so  to  assemble  the  raw  materials  as  to  place  ourselves  within  a 
century  at  the  head  of  the  nations  in  the  production  of  iron  and 
steel.  In  these  early  days  there  was  no  time  for  strikes  and  no  provo- 
cation for  boycotts.  There  were  no  capitalists  ;  and  the  only  walking- 
delegates  to  be  found  were  those  who  travelled  on  foot  to  represent 
their  communities  either  in  the  Legislature  or  in  Congress.  They 
were  all  Americans,  made  brothers  by  mutual  trials  and  struggles; 
not  a  mongrel  mass  of  foreign  races  ignorant  of  the  true  basis  of 
personal  liberty  which  our  fathers  had  incorporated  into  the  Consti- 
tution as  the  perpetual  guaranty  of  freedom  and  progress.  In 
vindication  of  these  fundamental  principles  of  our  national  exist- 
ence, we  may  yet  have  to  make  greater  sacrifices  of  men  and  money 
than  were  required  for  the  maintenance  of  the  Union.  For,  let  our 
visitors  from  abroad  be  assured,  the  people  who  have  been  able 
to  conquer  a  continent  in  a  hundred  years  will  not  allow  themselves 
to  be  deprived  of  the  right  to  life,  liberty  and  the  pursuit  of  happi- 
ness at  the  dictation  of  any  organization,  either  of  capital  or  of  labor, 
however  powerful. 

Until  communications  by  canal  or  rail  had  been  established  between 
the  coal-fields  and  the  ore-beds,  the  progress  of  the  iron  business  was 
necessarily  slow.  Its  subsequent  story  is  told  in  the  following  table, 
showing  the  com{)arative  rate  of  increase  in  population  and  in  the 
production  of  iron  : 


Year. 

Production  of  Pig-iron. 
Gross  Tons. 

Rate  of 
Increase. 

Population. 

Rate  of 
Increase. 

1830 
1840 
1850 
1860 
1870 
1880 
1890 

165,000 

315,000 

564,000 

821,223 

1,696,429 

3,835,191 

8,552,679* 

12,866,020 
17,069,453 
23,191,876 
31,443,321 
38,558,371 
50,155,783 
64,000,000 

32.51 
33  52 
35.83 
35  11 
22.65 
30.08 
28.00 

91  per  ct. 

79     " 

46     " 
106     " 
126    " 
123    " 

*  This  is   the   product  for  the  year  ending  June  30,  .aocordinfi;  fo  the  consiia 
returns,  whereas  the  preceding  figures  are  for  calendar  years. 
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This  table  brings  out  the  striking  conclusion  that  the  production 
of  pig-iron  has  always  increased  more  rapidly  than  the  population, 
and  that  the  ratio  is  an  increasing  one.  Between  1830  and  1860 
the  production  of  iron  increased  twice  as  fast  as  the  population. 
Between  1860  and  1890  it  increased  four  times  as  rapidly,  thus 
proving  that  the  national  wealth  continues  to  grow  from  decade  to 
decade  at  a  rate  of  acceleration  of  which  the  world  affords  no  pre- 
vious example.  Inasmuch  as  during  all  this  time  we  have  imported 
iron  in  addition  to  our  production,  it  follows  that  the  consumption 
per  capita  has  also  increased  more  rapidly  than  population.  In  1855, 
according  to  careful  calculations  which  I  made  at  that  time,  we  were 
consuming  iron  at  the  rate  of  117  pounds  per  head;  whereas  in  1890 
the  consumption  has  increased  to  rather  more  than  300  pounds  per 
head,  the  whole  of  which,  for  the  first  time  in  our  history,  we  are 
producing  within  our  own  borders. 

Great  Britain,  on  the  other  hand,  produces  more  iron  than  it  con- 
sumes, and  is  still  the  largest  per  capita  producer  in  the  world.  In 
1889,  with  a  production  of  9,321 ,563  tons  of  2000  pounds,  and  with 
a  population  estimated  at  38,000,000,  the  production  reached  the 
large  figure  of  495  pounds  per  head.  Deducting  the  exports.  Great 
Britain  is  now  consuming  250  pounds  per  head  against  a  consump- 
tion of  144  pounds  in  1855.  But  the  production  of  iron  in  Great 
Britain  appears  to  be  now  very  nearly  stationary,  as  will  appear 
from  the  following  table,  giving  the  quantity  produced  since  1880: 

Gross  tons. 

1880, 7,749,233 

1881, 8,144,449 

1882, 8,586,680 

1883 8,529,300 

1884 7,811,727 

1885, 7,415,469 

1886, 7,009,754 

1887, 7,559,518 

1888,  .         .        • 7,998,969 

1889 8,245,336 

This  table  discloses  the  fact  that  in  1889  Great  Britain,  while 
making  an  increase  over  1888,  was  not  able  to  reach  the  product  of 
the  years  1882  or  1883.  It  may,  therefore,  be  concluded  that  no 
considerable  increase  of  production  is  to  be  expected,  especially  in 
view  of  the  facts  that  the  present  production  is  only  maintained  by 
the  importation  of  foreign  iron-ores  to  the  extent  of  20.4  per  cent. 
of  the  total  ore-consumption,  and  that  the  ratio  of  foreign  ore  con- 
sumed in  Great  Britain  is  a  steadily  increasing  one. 

VOL.  XIX.— 31 


482  IRON    AND    LABOR. 

In  the  United  States  the  case  is  otherwise.  We  have  been  able  to 
increase  our  total  product  year  by  year,  without  increasing  the  im- 
portation of  foreign  ores,  none  of  which  are  in  fact  necessary  to  the 
existence  and  growth  of  the  business,  although  in  some  localities, 
near  the  coast,  foreign  ores  are  desirable  for  the  production  of  Bes- 
semer pig.  Assuming,  then,  that  the  production  of  Great  Britain  is 
not  likely  to  be  increased,  and  that  the  growth  in  the  consumption 
of  iron  is  to  go  on  with  the  increase  of  population  and  the  progress 
of  industry  in  the  future  as  in  the  past,  we  are  in  a  position  to  esti- 
mate the  demands  which  will  be  made  upon  the  resources  of  the  United 
States  for  the  next  ten  years.  The  population  in  1900,  allowing  the 
same  rate  of  increase  of  28  per  cent,  as  in  the  last  decade,  will  be 
82,000,000.  A  consumption  of  300  pounds  })er  head  will  require 
24,000,000,000  pounds  of  iron,  equal  to  12,300,000  tons  of  2000 
pounds.  If,  in  accordance  with  the  accelerated  ratio  of  consumption, 
which  has  trebled  since  1855,  the  per  capita  demands  shall  rise  to 
400  pounds,  the  total  tonnage  required  will  be  16,400,000  tons  of 
2000  pounds,  equivalent  to  14,800,000  gross  tons.  The  consump- 
tion of  the  world  in  1889  is  estimated  at  24,869,534  gross  tons,  of 
which  we  produced  30  per  cent.,  and  Great  Britain  33  per  cent.  The 
consumption  of  the  world  has  increased  in  eleven  years  from  14,- 
117,902  tons  to  24,869,534  tons,  or  nearly  11,000,000  tons.  As- 
suming that  the  coming  ten  years  will  require  an  equal  increase  (and 
it  is  likely  to  require  more),  the  United  States  must  supply  7,000,- 

000  tons,  and  the  rest  of  the  world  3,000,000,  in  order  that  the 
two  continents  may  not  be  forced  to  draw  supplies  from  each  other. 

1  think  it  is  safe  to  estimate,  therefore,  that  in  1900  the  world  will 
require  35,000,000  gross  tons  of  iron,  of  which  the  United  States 
must  supply  45  per  cent.,  and  the  other  iron-producing  countries 
the  remainder,  in  the  projiortion  of  half  to  Great  Britain  au<l  iialf 
to  Germany,  France,  Belgium  and  the  other  smaller  producers. 

The  question  presents  itself,  whether  this  vast  demand  can  be  met 
without  such  an  increase  in  price  as  will  tend  to  restrict  the  use  of 
iron  within  narrower  limits.  The  increased  call  upon  the  European 
countries  is  too  small  to  make  any  embarrassment,  except  such  as 
may  arise  from  the  fuel-  and  food-questions,  both  of  which  are  serious 
problems  in  the  European  industrial  world.  The  answer  to  the 
question  must,  therefore,  come  from  the  United  States;  and  in  view 
of  the  changed  relations  of  the  two  continents  in  regard  to  the  sup- 
ply of  iron,  it  will  be  seen  that  tariff-legislation  will  henceforth  play 
no  part  in  the  solution  of  the  problem.     According  to  the  traditions 
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of  the  Institute  of  Mining  Engineers,  it  is  not  permissible  to  discuss 
commercial  questions;  but  there  is  no  impropriety  in  calling  attention 
to  the  fact  that  one  of  the  perplexing  elements  in  the  consideration  of 
the  future  of  the  iron  business  is  removed  from  the  problem  when  the 
conclusion  is  reached  that  henceforth  it  will  task  the  ability  of  Eu- 
rope to  supply  its  own  demand  for  crude  iron,  and  that  the  United 
States  must  look  to  its  own  resources  for  the  supply  of  the  great 
demands  of  the  coming  century.  It  is  quite  evident  that  the  only 
effect  of  transferring  any  considerable  portion  of  this  demand  from 
the  United  States  to  Europe  will  be  to  raise  the  price  of  iron,  so  that 
thenceforth  the  competition  in  the  open  markets  of  the  world  will 
be  more  favorable  to  our  manufacturers  than  it  has  been  in  the  past. 

So  far  as  we  are  concerned,  then,  the  question  is  substantially 
whether  this  country  can  nearly  double  its  production  in  the  next 
ten  years  without  so  seriously  increasing  the  present  cost  of  iron  as 
to  restrict  the  consumption,  and  arrest  the  rate  of  progress  at  which 
the  world  is  now  moving  forward. 

The  production  of  iron  involves  the  five  elements  of  fuel,  ores, 
capital,  labor  and  skill. 

Fuel. — Upon  reference  to  the  map  of  the  United  States*  on  which 
Mr.  Kunhardt  has  outlined  the  coal-fields,  showing  their  relations  to 
the  deposits  of  iron-ore,  it  becomes  evident  that  there  is  practically 
no  limit  to  the  quantity  of  coal  which  can  be  supplied  on  demand. 
The  growth  of  this  product  corresponds  very  closely  with  that  of  the 
production  of  pig-iron  : 

Coal  Mined,  Tons. 

1870, 28,312,581 

1880, 65,883,000 

1889, 137,455,172 

More  than  doubling  itself  in  each  decade.  The  capacity  for  pro- 
duction is  always  so  far  in  excess  of  demand  that  it  is  often  necessary 
to  limit  the  amount  forwarded  to  market,  by  the  action  of  the  great 
corporations  engaged  in  the  mining  and  transportation  of  coal. 
Doubtless  there  will  be  required  to  meet  the  demand  in  A.D.  1900 
nearly  or  quite  300,000,000  tons  of  coal.  This  can  readily  be  had 
from  the  fields  which  are  now  open  and  have  direct  communication 
with  the  deposits  of  iron-ores. 

Iron-Ores. — The  map  shows  also  the  regions  from  which  we  now 
derive  our  present  supplies.  That  these  can  be  doubled  in  ten  years 
does  not  admit  a  doubt.  Probably  the  most  remarkable  points 
of  interest  to  our  guests  will  be  the  great  deposits  of  Cornwall,  in 

*  This  map  was  exhibited  in  Chickering  Hall  during  the  New  York  Meeting. 
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Pennsylvania,  of  the  Marquette,  Menominee,  Gogebic,  and  Ver- 
milion ranges  in  the  Lake  Superior  region,  and  the  ores  of  Tennessee 
and  Alabama,  extending  in  an  unbroken  bed  for  hundreds  of  miles 
along  the  flanks  of  the  great  Appalachian  coal-field.  The  following 
statement  of  the  growth  of  the  business  in  the  Lake  Superior  region 
will  serve  to  show  the  facility  with  which  the  supply  can  be  increased : 

Tons  Mined. 

1885, 2,466,372 

1886, 3,568,022 

1887, 4,730,577 

1888, 5,063,693 

1889, • 7,292,754 

Showing  that  in  five  years  the  quantity  has  increased  threefold. 

The  South  is  practically  a  virgin  country,  in  which  the  production 
of  ore  is  in  its  infancy ;  but  the  development  is  already  phenomenal, 
and  even  if  the  other  regions  ceased  producing  ore,  the  Southern 
States  could  readily  supply  the  deficiency.  It  is  remarkable  also 
that  the  vast  deposits  of  hematites  and  red  fossiliferous  ores  with 
which  tlie  South  is  endowed  are  adapted  to  the  "  basic  "  process,  while 
the  ores  of  Lake  Superior  are  suited  to  the  "  acid  "  process.  Thus  the 
two  sections  are  practically  the  complements  of  each  other  in  the 
w^ork  of  supplying  the  needs  of  the  country  for  steel.  It  will  doubt- 
less excite  surprise  in  the  minds  of  our  visitors  to  find  that  the  basic 
process  has  made  little  progress  in  this  country.  Tiie  delay  has  been 
due  partly  to  the  recent  development  of  the  Southern  ores,  and  partly 
to  the  illiberal  spirit  in  which  the  basic  patents  have  been  managed. 
But  it  will  not  longer  be  possible  to  arrest  the  manifest  destiny  of 
the  South  which  is  now  erecting  a  large  number  of  furnaces,  the 
product  of  which  must  find  a  market  through  the  basic  process. 

Capital. — The  total  wealth  of  the  United  States  will  be  reported 
in  the  census  just  completed,  but  the  figures  are  not  yet  available. 
In  1880  tlie  amount  was  $48,642,000,000,  which  is  equal  to  $870 
per  head  of  population.  The  rate  of  increase  of  population  for  the 
previous  decade  was  80.13  per  cent.,  and  of  the  per  capita  wealth 
45.47  per  cent.  During  the  decade  ending  in  1890,  the  rate  of  in- 
crease of  population  is  28  per  cent.,  and  if  the  ratio  of  increase  in 
wealth  is  only  the  same  as  in  the  previous  decade,  it  will  amount 
to  42  per  cent.,  making  the  per  capita  wealth  $1235.  The  actual 
figures  will  undoubtedly  show  a  larger  amount  for  each  inhabitant. 

In  Great  Britain,  according  to  Robert  Giffen,  the  wealth  per 
capita,  at  present,  is  £270,  equal  to  $1300,  so  that  the  two  countries 
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are  probably  on  an  eqnality  of  wealth  as  to  each  inhabitant;  but  the 
aggregate  wealth  of  this  country  now,  and  for  the  first  time,  exceeds 
that  of  Great  Britain,  although  the  amount  of  floating  capital  is 
larorer  there  than  here.  But  it  must  be  remembered  that  the  float- 
ing  capital  of  the  world  is  now  practically  mobilized,  so  that,  if  a 
deficiency  exists  in  the  United  States,  it  is  promptly  supplied  from 
abroad. 

Now,  the  wealth  of  Great  Britain  has  been  adequate  for  the  annual 
production  of  495  pounds  of  pig-iron  per  head.  It  cannot,  therefore, 
be  doubted  that,  with  equivalent  wealth,  we  could  meet  a  demand  of 
the  same  extent.  If  such  a  result  should  be  reached  in  1900,  we 
should  produce  19,000,000  gross  tons  of  iron,  which  exceeds  the 
estimate  already  made  as  to  the  probable  requirements  by  more  than 
1,000,000  tons.  The  very  large  absorption  of  capital  in  the  erection 
of  new  furnaces  in  the  Southern  States,  during  the  last  two  years, 
supplying  a  capacity  of  at  least  1,000,000  tons  per  annum,  when 
the  furnaces  now  under  construction  shall  have  been  completed,  has 
been  readily  met ;  and  this  goes  to  show  that  there  is  no  practical 
difficulty  in  getting  the  means  to  supply  any  quantity  of  iron  which 
the  market  will  take. 

Labor. — For  the  supply  of  the  raw  materials  and  the  smelting  of 
our  present  product  of  pig-iron,  about  200,000  men  are  required. 
The  labor  of  one  man,  therefore,  now  suffices  to  produce  rather 
more  than  40  tons  of  pig-iron  per  annum.  To  produce,  in  1900, 
double  the  quantity  now  produced,  will  require  the  labor  of  200,000 
additional  men.  This  is  not  more  than  the  number  of  male  emi- 
grants who  come  annually  to  our  shores,  and  it  is  but  a  small  per- 
centage of  the  normal  increase  of  our  population,  which  between 
now  and  1900  will  reach  at  least  16,000,000  of  persons.  So  far, 
therefore,  as  the  supply  of  labor  for  the  increased  production  is  con- 
cerned, we  need  be  under  no  apprehension. 

Skill. — Our  foreign  visitors  are  about  to  make  a  critical  survey  of 
the  iron-  and  steel-works  of  the  country,  and  their  judgment  as  to 
efficiency  and  management  will  be  accepted  as  final.  In  187o,  when 
this  country  had  not  fully  entered  upon  the  manufacture  of  steel,  in 
which  it  now  leads  the  world,  producing  one-third  of  the  whole  sup- 
ply, the  foreign  engineers  bore  testimony  to  the  superiority  of  our 
appliances,  and  to  the  greater  yield  per  man.  Our  methods  and 
labor-saving  machines  were  at  once  copied  by  the  best  European 
establishments.  I  think  I  am  safe  in  saying  that  we  have  not  gone 
backwards  in  the  interval,  and  that  our  guests  will  still  find  some- 
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thing  of  value  to  be  given  in  exchange  for  the  priceless  contributions 
which,  since  1876,  they  have  so  generously  made  to  the  progress  of 
metallurgy  in  this  and  other  countries.  At  any  rate,  I  think  we  have 
been  quite  ready  to  learn,  and  to  take  advantage  of  every  advance,  at 
home  and  abroad,  so  that  our  technique  will  be  found  to  be  fully  up 
to  the  highest  known  standard  of  excellence. 

It  seems  to  be  clear,  then,  that  in  all  the  elements  required 
to  meet  the  ihcreased  demands  of  the  world  for  iron  and  steel,  the 
United  States  are  abundantly  equipped.  But  it  is  not  enough  to  have 
adequate  supplies  of  ore  and  fuel.  They  must  be  so  situated  as  to 
be  brought  cheaply  together  at  the  place  of  production.  This  con- 
dition has  recently  formed  the  subject  of  an  investigation  by  the 
Commissioner  of  Labor,  the  Hon.  Carroll  D.  Wright,  and  his  results, 
so  far  as  published,  serve  to  show  that  the  assemblage  of  material 
required  per  ton  of  pig-iron  can  be  made  with  as  little  labor  and 
expense,  on  the  average,  in  this  country  as  in  any  country  of  the 
world.  Indeed,  it  may  be  asserted  that  in  no  other  country  can  the 
quantity  required  for  the  production  of  20,000,000  tons  per  annum 
be  brought  together  so  cheaply,  if  at  all. 

The  most  remarkable  fact  in  this  connection  is  the  constant  reduc- 
tion in  thecostof  transportation,  which  has  been  mainly  accomplished 
by  the  extension  and  improvement  of  the  railroad-system  of  the 
country.  It  appears  by  the  table  herewith  h,ppended,  that  the  average 
rate  of  freights  on  all  classes  of  goods  since  1882,  has  been  reduced 
from  1.236  cents  per  ton  per  mile  to  0.976  in  1889. 

The  following  statement,  from  Poor's  Manual,  shows  the  volume 
of  freight-traffic  on  all  the  railroads  of  the  United  States  during  the 
eight  years,  1882-1889  : 


Years. 

Tons  Freight  moved. 

Tons  Freight  moved 
one  mile. 

Average  Rate 
Per  Ton 
Per  Mile. 

.Vver'ge  Haul 
Per  Ton. 

Cents. 

Miles. 

1882 

360,490,375 

39,302,209,249 

1.236 

109.02 

1883 

400,453,439 

44,064,923,445 

1.236 

110.04 

1884 

399,074,749 

44,725,207,677 

1.124 

112.07 

1885 

437,040,099 

49,151,894,469 

1.057 

112.46 

1886 

482,245,254 

52,802,070,529 

1.042 

109.49 

1887 

552,074,752 

61,561,069,996 

1.034 

111.51 

1888 

590,857,3)3 

65,423,003,98S 

0.977 

110.72 

1889 

619,137,237 

68,604,012,396 

0.976 

110.80 
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The  rates  on  iron-ore,  coal,  limestone  and  pig-iron  are  probably 
not  more  than  one-half  of  the  average  rate,  because  they  are  raw 
materials  of  the  lowest  class.  This  showing,  which  compares  most 
iavorably  with  the  rates  on  European  railways,  is  the  more  remark- 
able because  it  is  accomplished  in  the  face  of  a  higher  rate  of  wages, 
thus  indicating  that  other  elements  besides  wages  paid,  enter  into  the 
determination  of  final  cost,  and  must  be  taken  into  account  by  econo- 
mists and  law-makers  when  they  deal  with  the  subject.  The  principal 
factor,  however,  in  producing  this  desirable  result  has  undoubtedly 
been  the  use  of  steel  rails,  due  to  the  genius  of  Bessemer.  His  contri- 
bution to  American  prosperity  will  form  the  subject  of  consideration  in 
another  place,  but  it  would  be  less  than  justice  if  we  failed  to  record 
here  that  among  all  the  agencies  which  have  produced  the  phenomenal 
development  of  the  United  States  during  the  last  ten  years,  there  is 
none  which  approaches  in  importance  or  is  so  far-reaching  in  its 
influence  as  the  process  which  has  enrolled  the  name  of  Sir  Henry 
Bessemer  among  the  great  benefactors  of  mankind. 

But  when  the  materials,  the  men,  the  money  and  the  skill  have 
been  brought  together,  it  still  remains  to  secure  such  harmony  of 
action  between  labor  and  capital  as  will  insure  steadiness  of  employ- 
ment and  continuity  of  operations.  The  final  answer  to  our  inquiry 
as  to  the  ability  of  the  United  States  to  supply  the  iron  required  for 
the  continued  progress  of  the  country  and  the  march  of  civilization 
throughout  the  world  depends  therefore  upon  the  establishment  and 
maintenance  of  friendly  relations  between  the  employers  and  employed 
engaged  in  the  work  of  production.  Otherwise,  it  is  quite  conceiv- 
able that  no  considerable  addition  can  be  made  to  the  present  annual 
product.  Indeed,  this  consideration  throws  much  light  ui)on  the 
fact  that  Great  Britain,  with  abundance  of  fuel  and  with  access  to 
adequate  supplies  of  foreign  ores,  has  not  been  able  to  maintain  the 
product  which  was  reached  in  1882.  We  are  thus  brought  face  to 
face  with  the  most  serious  problem  of  our  age,  because  if  we  cannot 
increase  our  output,  the  growth  of  wealth,  which  now  increases  in  a 
higher  ratio  than  the  increase  of  population  and  is  necessary  to  the 
amelioration  of  social  conditions,  must  become  stationary. 

It  cannot  be  denied  that,  throughout  the  world,  the  relations  be- 
tween capital  and  labor  are  far  from  satisfactory.  They  are  undoubt- 
edly undergoing  a  process  of  readjustment  not  unlike  that  which 
followed  the  abolition  of  serfdom  at  the  close  of  the  Middle  Ages. 
During  the  process  of  evolution  leading  to  a  new  era  there  must 
necessarily  be  unrest,  agitation,  sometimes  violence  and  generally 
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severe  loss  on  both  sides,  to  the  great  detriment  of  society  at  large. 
The  solution,  when  it  comes,  must  be  based  upon  justice  ;  and  it  can- 
not come  until  public  opinion  is  definitely  made  up  as  to  the  rights 
and  duties  of  the  contending  parties,  or  until  the  contention  shall  cease 
to  exist  by  the  voluntary  action  of  the  combatants.  Meanwhile, 
the  severity  of  the  struggle  may  be  greatly  mitigated  and  the  final 
outcome  accelerated  if  certain  fundamental  principles  which  have 
been  established  by  the  experience  of  mankind  are  kept  steadily  in 
view,  and  rigorously  applied  as  each  new  complication  shall  arise. 
While  the  propositions  which  I  shall  state  may  be  disputed  by 
extremists,  I  think  they  will  be  generally  regarded  as  axioms 
ingrained  in  the  very  constitution  of  human  nature,  and  therefore 
to  be  accepted  as  standards  of  right  and  wrong  to  which  all  conten- 
tions may  be  referred. 

I.  Individual  liberty  consists  in  the  right  of  each  person  to  con- 
trol his  own  life  and  to  use  the  products  of  his  labor  in  his  own 
way,  so  long  as  he  does  not  interfere  with  the- equal  rights  of  any 
other  person. 

II.  Individual  liberty  implies  the  right  of  two  or  more  persons  to 
combine  together  and  to  use  their  property  and  faculties  as  they  may 
see  fit,  so  long  as  they  do  not  interfere  with  the  equal  right  of  other 
individuals  or  combinations  of  individuals. 

III.  As  population  grows,  there  will  necessarily  be  interferences 
among  individuals  and  combinations  of  individuals,  which  must  be 
adjusted;  and  hence  the  necessity  for  government  and  for  tribunals 
whose  judgment  must  be  final. 

IV.  In  countries  where  law  expresses  the  will  of  the  majority,  and 
in  which  it  can  be  amended  as  often  as  the  majority  may  desire,  there 
is  no  justification  for  resort  to  private  or  personal  force  in  order  to 
rectify  wrongs,  correct  abuses,  and  maintain  the  rights  of  men.  If 
the  courts  of  justice  have  not  adequate  jurisdiction,  it  is  the  duty  of 
the  legislature  which  represents  the  public  will  to  supply  it,  and  all 
agitation  should  be  directed  to  secure  such  legislation  ;  and  no  man 
or  set  of  men  should  be  allowed  to  take  the  law  into  their  own 
hands,  to  usurp  the  functions  of  the  courts  of  justice,  or  to  forestall 
the  action  of  the  legislature. 

Bearing  these  axioms  in  mind,  the  following  conclusions  may  be 
submitted  as  incontrovertible  : 

1.  It  is  the  equal  right  of  employers  and  employees  to  make  com- 
binations  among  themselves  respectively,  or   with    each    other   to 


IRON  AND   LABOR.  489 

advance  or  reduce  wages,  or  to  establish  or  resist  legislation  which 
either  or  both  may  regard  as  essential,  desirable,  or  objectionable. 

2.  Neither  party  has  the  right  to  coerce  the  other  into  submission, 
except  through  the  action  of  the  courts  or  tribunals  duly  constituted 
to  hear  and  decide  upon  causes  of  action  submitted  to  them  by  either 
or  both  parties. 

3.  The  right  of  workmen  to  refrain  from  labor  and  the  right  of 
the  employer  to  cease  to  employ  are  correlative  rights ;  but  no  one  has 
the  right  to  compel  any  other  workman  to  cease  from  labor,  nor  has 
the  employer  any  right  to  lock  out  his  workmen  in  order  to  compel 
submission  to  obnoxiou&vules. 

4.  Strikes  and  lock-outs  are  therefore  equally  indefensible  on  the 
ground  of  justice,  and  can  only  be  tolerated  in  the  absence  of  pro- 
visions for  the  submission  of  grievances  to  the  adjudication  of  com- 
petent tribunals. 

5.  No  man  has  the  right  to  compel  another  man  to  combine  with 
him  in  any  organization,  and  when  a  man  declines  to  combine  it  is 
a  violation  of  right  to  refuse  to  work  with  him,  and  to  deny  him  the 
means  of  earning  a  living.  It  is  equally  wrong  for  employers  to 
black-list  men,  so  that  others  will  not  give  them  employment. 

6.  A  boycott  cannot  be  defended  under  any  circumstances  what- 
ever. It  is  in  effect  a  declaration  of  private  war,  which  is  a  crime 
of  the  Hatfi eld-McCoy  class,  to  be  stamped  out  by  prompt  and 
severe  punishment. 

7.  The  claim  of  any  body  of  men  that  under  any  circumstances 
they  have  the  right  to  stop  the  operations  of  business  by  the  issue 
of  an  order  in  the  name  of  organized  labor  or  associated  capital  cannot 
be  tolerated.  When  such  an  order  is  given  in  regard  to  any  railway 
or  any  other  means  of  communication,  it  is  a  direct  assault  upon  the 
common  weal;  and  the  failure  to  arrest  and  punish  the  offenders 
thus  usurping  the  executive  functions  of  the  State  and  the  judicial 
power  of  the  Courts,  is  proof  of  cowardice  on  the  part  of  the  public 
officials  and  of  degeneracy  in  public  opinion,  which  excuses  or  permits 
the  violation  of  the  principle  of  the  common  law,  that  "  not  even 
the  king  can  obstruct  the  highway." 

And  yet  we  live  in  a  country  and  under  a  government  professedly 
of  law  founded  upon  public  opinion,  in  which  all  these  abuses  go 
unpunished.  If  they  continue,  disorders  will  increa.se,  and  capital 
will  retire  from  business  sul)ject  to  such  outrage  and  disturbance. 

The  iron  business,  as  now  organized,  is  a  field  in  which  capital  and 
labor  are  brought  into  direct  and  immediate  contact.     It  requires  a 
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capital  of  at  least  one  thousand  dollars  for  each  man  employed.  It 
has  grown  up  under  the  wages-system,  in  which  one  party  hires  the 
other  at  an  agreed  price,  and  all  the  risks  and  profits  of  the  business 
are  assumed  by  the  owners.  Under  the  modern  system  of  industry,  its 
operations  are  conducted  on  a  scale  of  such  magnitude  as  to  require  the 
association  of  capital  in  corporate  organizations  which  have  almost 
entirely  superseded  private  firms  and  ordinary  partnerships. 

As  a  rule  the  workmen  have  formed  unions  for  the  care  of  their 
interests,  and  especially  to  secure  a  satisfactory  rate  of  wages.  The 
formation  of  such  unions  is  alike  a  right  and  a  duty ;  and  so  long  as 
they  confine  themselves  to  the  assertion  of  the  rights  and  the  protec- 
tion of  the  interests  of  their  members  they  are  to  be  commended  and 
encouraged.  The  employers,  on  the  other  hand,  have  also  various 
associations  for  the  promotion  of  their  own  commercial  interests,  but 
no  general  organization,  so  far  as  I  am  informed,  for  the  regulation 
of  wages.  Both  sides  are  thus  prepared  for  argument ;  and  in  this 
fact  is  to  be  found  the  starting-point  from  which  may  be  readily 
reached  the  ground  of  conciliation  and  arbitration  which  ought  to 
make  strikes  and  lock-outs  a  memory  of  the  past,  to  be  recalled  as  a 
warning  and  not  as  a  menace.  In  England,  which  has  taught  us  how 
to  make  iron  and  steel  cheaply  and  well,  the  system  of  voluntary 
arbitration  has  been  in  operation  since  1869  and  has  worked,  in  the 
main,  in  a  manner  satisfactory  to  both  parties,  and  with  decided 
advantage  to  the  public.  Official  arbitration,  under  the  law  which 
was  passed  in  1872,  has  not  been  found  to  be  acceptable  to  either  work- 
men or  employers,  and  no  case  has  ever  arisen  under  the  provisions  of 
the  law  from  which  enthusiasts  expected  the  most  beneficent  results. 
On  the  other  hand,  too  much  is  not  expected  or  attempted  in  the 
voluntary  arbitrations  which  have  sufficed  to  settle  most  of  the  dis- 
putes of  the  last  twenty  years. 

It  is  admitted  that  the  question  of  wages  is  fundamental,  and  that 
it  can  only  be  solved  by  the  equal  representation  of  both  sides,  with 
an  umpire,  whose  decision  shall  be  final  after  the  fullest  submission 
and  discussion  of  complete  information  as  to  costs,  sales,  and  the 
condition  of  the  trade.  Attempts  of  either  side  to  get  the  better  of 
the  other  by  tricks  and  misrepresentation  have  long  since  ceased,  so 
that  when  a  result  is  arrived  at,  the  award  of  the  arbitrator  is  accep- 
ted by  both  sides  as  a  satisfactory  solution.  Here  it  is  obvious  that 
three  fundamental  elements  of  conciliation  have  been  evolved  from 
the  contentions  which  formerly  resulted  in  strikes  and  lock-outs. 
The  right  of  combination  on   both  sides  is  admitted;  the  mutual 
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equality  of  both  parties  is  conceded;  and  the  right  of  both  to  be  in- 
formed as  to  the  actual  condition  of  the  business  is  acknowledged. 

In  view  of  such  an  examj)le,  and  of  the  advantage  of  avoiding 
conflicts  damaging  alike  to  employers  and  emj)loyed,  I  am  satisfied 
that  we  shall  not  be  long  in  adopting  a  similar  system  of  settling 
disputes  by  voluntary  action,  and  that  there  will  not  be  any  disturb- 
ances serious  enough  to  interfere  with  the  rapid  increase  of  product, 
which  as  we  have  seen,  is  required  by  the  progress  of  our  country. 

It  is  manifest  that  this  method  of  settlement  involves  publicity  as 
to  the  profits  of  business.  There  is  undoubtedly  great  reluctance 
and  some  ground  of  objection  to  the  disclosure  of  cost  and  profits;  but 
as  a  matter  of  fact,  the  transfer  of  business  to  large  corporations 
has  really  made  this  information  public  property,  and  in  the  iron 
business  there  is  no  longer  any  pretence  of  concealment  either  from 
stockholders  or  competitors.  Surely  then,  there  remains  no  valid  rea- 
son for  denying  to  the  workmen  the  information  necessary  to  enable 
them  to  formulate  reasonable  demands;  and  it  is  to  the  interest 
of  the  owners  to  give  this  information,  inasmuch  as  the  margin 
of  profit  on  manufacturing  operations  is  now  narrowed  down  to 
the  smallest  limits  consistent  with  a  moderate  return  on  the  capital 
employed.  There  is  so  much  misapprehension  on  this  point  in  the 
public  mind  that  I  am  impelled  to  say  that  in  the  great  staples  of 
trade  it  is  exceedingly  difficult  to  get  an  adequate  return  for  the 
capital  employed,  and  the  business  is  often  conducted  for  long-con- 
tinued periods  on  a  basis  which  insures  only  wages  for  labor,  with- 
out any  return  whatever  for  capital.  Where  large  profits  are  realized, 
they  are  due  either  to  the  production  of  specialties  covered  by 
patents,  or  to  the  possession  of  raw  material  under  exceedingly 
favorable  conditions  of  cost  or  locality. 

There  is  no  feature  in  the  business  more  pronounced  than  the  ex- 
cessive competition  which  cuts  down  profits  to  a  minimum,  and 
hence  attempts  have  been  made  to  control  product  and  prices,  through 
combinations  looking  to  the  maintenance  of  standard  prices,  and,  in 
some  cases,  by  the  reduction  of  the  output.  In  the  public  mind 
such  arrangements  are  confounded  with  trusts,  which  have  been  the 
subject  of  so  much  recent  criticism  and  denunciation.  The  objection 
to  trusts  is  not  to  be  found  in  the  magnitude  of  their  operations. 
This,  in  the  modern  development  of  industry,  is  unavoidable,  and 
constitutes,  in  fact,  an  advantage  to  society  by  insuring  lower  prices 
and  better  quality,  and  to  the  workmen  by  providing  the  best  appli- 
ances for  labor  and  arrangements  for  the  preservation  of  health  and 
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tlie  iucrease  of  comfort.  It  is  only  when  trusts  attempt  to  create  a 
monopoly  and  succeed  in  destroying  competition  that  they  become 
injurious  to  the  public  welfare.  It  is  extremely  doubtful  whether 
it  is  possible  to  maintain  in  this  country  an  effective  monopoly 
of  any  staple  product  of  industry,  but  whether  possible  or  not  in 
other  branches,  the  iron  business  is  too  widely  diffused  and  is  too 
vast  in  extent  to  admit  any  monopoly  not  sanctioned  by  law.  The 
concentration  of  business,  however,  in  special  localities  and  the  con- 
solidation of  interests  in  order  to  secure  efficiency  of  administration, 
is  a  public  benefit.  The  greater  the  organization  and  the  larger  the 
capital  employed,  the  more  certain  it  becomes  that  the  business  will 
be  steadily  prosecuted,  thus  avoiding  the  greatest  evil  under  which 
workmen  suffer — lack  of  constant  employment.  The  principle  of 
association  developed  in  great  industrial  corporations  is  therefore 
altogether  beneficial,  and  should  have  the  hearty  sympathy  of  the 
public  and  especially  of  the  labor-organizations. 

In  any  previous  period  of  history  such  vast  establishments  might 
have  been  converted  into  devices  for  oppressing  the  workman,  and 
for  preying  u\mm\  society  by  excessive  prices;  but  in  the  presence  of 
powerful  labor  organizations,  whose  right  to  demand  information 
and  whose  power  to  obtain  justice  is  now  conceded,  no  oppression  is 
possible,  and  no  exaction  can  be  continued  under  the  scrutiny  of  an 
omnipresent  and  omniscient  journalism.  Society  has  therefore 
nothing  to  fear  from  the  growing  tendency  of  workmen  to  form 
unions,  and  of  capital  to  centralize  in  great  industrial  corpora- 
tions. But  society  has  a  duty  to  perform  in  the  enactment  of  legis- 
lation which  will  regulate  these  organizations  by  a  clear  definition 
of  their  respective  rights  and  duties. 

Publicity,  inspection  and  discussion  are  the  great  safeguards 
which  the  public  can  apj)ly,  in  order  to  correct  abuses  and  avoid 
conflicts  and  disastrous  losses.  The  discouraging  feature  of  the  time 
is  that  the  legislative  department  has  shown  not  merely  indifference 
but  abjet.'t  cowardice  in  dealing  with  the  questions  which  from  time 
to  time  re([uire  the  interpretation  of  the  law.  Some  of  the  legisla- 
tion which  has  been  recently  enacted  is  a  positive  violation  of  the 
fundamental  axioms  which  I  have  ventured  to  lay  down,  and  of  tlie 
provisions  of  the  Constitution  in  reference  to  the  liberties  of  the 
citizens,  which  are  quoted  in  the  outset  of  this  address;  but  the 
greatest  evil  is  the  failure  to  legislate  at  all  with  reference  to  inter- 
ferences which  result  in  constant  conflict,  to  the  great  injury  of  the 
public.     What  we  need,  therefore,  is  a   recurrence  to  the  well-set- 
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tied  principles  of  jurisprudence,  a  hifjher  order  of  statesmanship, 
and  the  courage  on  the  part  of  our  public  men  to  stand  up  for  the 
right,  though  for  the  time  it  may  involve  the  sacrifice  of  personal 
popularity. 

The  course  of  procedure  is  clear.  All  organizations  which  avail 
themselves  of  the  provisions  of  the  law  for  the  creation  of  corpora- 
tions, should  be  required  to  report  the  result  of  their  business  and  be 
open  to  the  inspection  and  scrutiny  of  public  officers  appointed  for 
the  purpose.  This  principle  is  already  recognized  and  enforced  with 
reference  to  savings  and  other  banks,  insurance  and  trust  companies, 
and  railway  corporations.  It  has  not  yet  been  applied  to  industrial 
organizations;  but  these  now  exist  on  so  large  a  scale  and  employ  so 
many  men,  disputes  with  whom  affect  the  public  convenience  and 
interests  so  seriously,  that  every  safeguard  should  be  applied  to  pre- 
vent the  disturbance  and  dislocation  of  industry.  Publicity  as  to 
profits  and  losses  would  at  once  remove  the  most  serious  cause  of 
strikes,  which  often  take  place  when  it  is  impossible  for  the  em- 
ployer to  concede  the  demands  of  his  men,  because  his  profits  will  not 
warrant  the  concession.  With  proper  information,  the  intelligence 
of  the  workmen  may  be  relied  upon  not  to  make  an  issue  which  can 
only  result  in  failure. 

It  will  not  be  necessary  to  give  any  compulsory  power  of  rectifica- 
tion to  the  officers  charged  with  the  duty  of  inspection.  No  real 
abuses  can  survive  the  criticism  of  the  press  when  they  have  been 
fully  investigated  by  an  impartial  tribunal.  No  strike  can  then  suc- 
ceed, unless  it  is  based  upon  an  abuse  recognized  and  reported  as  a 
positive  grievance  by  competent  authority.  All  trade  regulations 
and  the  rate  of  wages  can  then  be  safely  left  to  voluntary  agree- 
ment between  the  representatives  of  masters  and  men,  sitting  as  equals 
on  a  board  of  conciliation,  and  presided  over  by  an  arbitrator  who 
has  the  confidence  of  both. 

Violations  of  the  fundamental  principles  of  society  should  be  made 
crimes  to  be  promptly  punished.  The  legislature  will  readily  respond 
to  sound  [)ublic  sentiment  in  this  respect;  and  a  stern  enforcement 
of  the  law  is  the  best  security  for  peace  and  order. 

With  industry  under  the  control  of  great  corporations  endowed 
with  adequate  capital,  with  the  workmen  thoroughly  organized  to 
protect  their  rights  and  advance  their  interests,  with  proper  public 
inspection  and  publicity  as  to  the  condition  and  results  of  the  busi- 
ness, with  legislation  covering  the  grounds  of  conflict,  and  with  the 
co-operation  of  the  judicial   arm  clearly  expounding  and  steadily 
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enforcing  the  law,  it  does  not  seem  difficult  to  forecast  the  outcome 
of  the  evolution  which  is  going  on  in  the  industrial  world,  and  which 
seems  to  be  full  of  promise  and  encouragement  under  the  beneficent 
law  which  Edward  Atkinson  discovered,  and  which  he  and  Robert 
Giffen  have  demonstrated,  to  wit :  That  labor  is  receiving  a  steadily- 
increasing  share  of  a  steadily  increasing  product;  and  that  capital  is 
receiving  a  steadily-diminishing  share  of  an  increasing  product  still 
insuring  for  it  an  adequate  remuneration. 

More  than  fifty  years  ago,  John  Stuart  Mill  laid  down  the 
proposition  that  when  employers  and  employees  had  a  common 
interest  in  the  work,  in  the  nature  of  a  partnership,  the  means 
would  exist  of  "healing  the  widening  and  imbittering  feud  be- 
tween the  class  of  employees  and  the  class  of  capitalists."  Since 
these  words  were  written  the  feud  has  widened  and  the  conflicts 
have  become  more  frequent  and  more  intense.  On  the  other  hand, 
the  work  of  educating  both  employers  and  workmen  has  been  going 
on  in  a  bitter  school  of  experience.  Various  attempts  have  been 
made  to  get  the  two  classes  together  on  some  basis  of  organization 
which  will  make  the  remuneration  of  each  directly  and  visibly 
dependent  upon  the  profits  of  business.  Under  the  existing  sys- 
tem, wages  are  necessarily  paid  out  of  profits  in  the  last  analysis, 
but  the  rate  and  amount  are  not  determined  by  the  actual  results 
from  day  to  day.  On  the  other  hand,  they  constitute  a  prior  lien 
upon  the  business,  as  well  from  necessity  as  now  by  law,  and  are  thus 
exempt  and  guaranteed  against  the  losses  of  the  business. 

The  workman,  however,  fails  to  perceive  that  he  is  thus  dependent 
upon  the  profits  in  order  to  get  wages,  and  that  he  has  the  preference 
over  all  other  claims  upon  the  product  of  the  business.  Hence 
the  sense  of  personal  interest  is  lacking,  and  the  success  of  the  enter- 
prise forms  no  part  of  the  workman's  current  of  thought.  He  has, 
in  fact,  no  means  of  knowing  the  condition  of  the  business,  and 
his  individuality  is  lost  in  the  vast  aggregation  of  energy  which  is 
combined  in  order  to  produce  the  results  of  modern  industry.  In 
England,  it  is  notorious  that  the  action  of  the  trades-unions  has 
been  exerted  in  the  direction  of  obliterating  the  individual  to  such 
an  extent  that  special  skill  is  rapidly  declining,  aud  in  the  finer 
grades  of  work  it  is  almost  impossible  to  find  the  exjierience  required 
for  the  production  of  instruments  of  precision.  This  is  a  national 
evil  of  the  first  magnitude;  and  its  disastrous  consequences  are 
becoming  more  ai)j)arent  to  the  intelligent  workman  whose  opportu- 
nities to  rise  in  life  are  thus  abridged  and  destroyed. 
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Slowly  but  surely,  therefore,  a  new  idea  has  been  taking  root  in 
the  industrial  mind.  Profit-sharing  is  getting  to  be  a  familiar 
thought  both  with  employers  and  workmen,  and  many  promising 
experiments  in  this  direction  are  now  in  progress  in  this  and  other 
countries.  The  practice  is  to  pay  the  current  rate  of  wages  in  the 
usual  manner,  then  to  allow  a  reasonable  percentage  on  the  capital 
employed,  and,  if  there  be  any  excess  after  these  payments,  to  divide 
it  equally  or  otherwise  between  the  capital  and  the  labor,  estimated 
by  the  amount  of  wages  paid.  The  success  of  this  system  depends 
obviously  upon  the  ability  of  the  business  to  earn  the  current  rate  of 
wages.  As  this  is  not  possible  at  all  times,  the  employer  must  have 
sufficient  capital  to  carry  on  business  at  a  loss  for  a  season,  with  the 
expectation  of  recouping  the  loss  out  of  the  future  profits.  It  is 
idle  to  expect  that  workmen  will  be  able  or  willing  to  refund  losses, 
the  risk  of  which  must  remain  therefore,  as  it  now  does,  with  the 
employer.  Hence  the  necessity  and  usefulness  of  the  great  organi- 
zations under  the  control  of  which  the  iron  business  is  passing,  by 
steady  and  irresistible  progress.  In  such  establishments  the  work 
of  production  will  go  on  in  bad  as  well  as  in  good  times,  and  the 
workman  will  be  secured  against  the  evils  of  intermittent  employ- 
ment. 

But  even  this  advantage  is  not  sufficient  for  intelligent  and  ambi- 
tious men.  Each  man  should  be  paid  wages  according  to  the  value 
of  his  labor,  and  not  on  the  mistaken  basis  of  a  dead  level  of  medi- 
ocrity, advocated  and  enforced  by  some  trades-organizations.  Prog- 
ress is  only  possible  where  the  individual  is  encouraged  to  develop 
his  skill  and  apply  his  labor,  by  a  payment  in  proportion  to  the  results 
achieved.  But  higher  and  beyond  all  this  stands  the  stimulus  of 
being  engaged  in  a  successful  business  and  having  a  direct  interest 
in  its  results.  If  the  workman  were  a  stockholder  as  well  as  a  laborer 
working  for  wages,  he  would  have  such  an  interest;  and  this  would 
tend  to  raise  his  self-respect  as  well  as  to  develop  his  energies. 

But  profiit-sharing,  as  it  is  called,  will  never  be  popular  with  the 
workmen,  because,  on  the  face  of  it,  it  is  an  act  of  grace  from  the  em- 
ployer. A  self-respecting  workman  is  not  willing  to  accept  charity. 
What  he  wants  is  justice,  and  any  concession  from  the  employer  which 
does  not  recognize  the  right  of  the  workman  will  be,  and  ought  to  be, 
rejected  by  independent  and  self-respecting  men.  When  a  workman, 
however,  becomes  a  shareholder,  either  by  payment  for  stock  or  by 
an  agreement  to  pay  for  it  out  of  his  earnings,  he  stands  on  a  level 
with  the  capitalist,  and  in  fact,  as  well  as  in  theory,  is  in  a  position 
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to  feel  that  he  is  working  for  himself  in  doing  his  best  to  promote 
the  success  of  the  business  in  which  he  is  engaged. 

It  should  be  a  matter  of  congratulation,  therefore,  that  the  forma- 
tion of  trades-unions  contemporaneously  with  the  rapid  growth  of  large 
corporations  whose  stock  is  divided  into  such  small  shares  as  to  admit 
of  easy  distribution,  clears  the  way  for  the  new  era  when  every 
intelligent  workman  will  insist  upon  being  an  owner,  and  every  well- 
managed  corporation  will  see  that  its  workmen  are  directly  interested 
in  the  results  of  the  business.  To  effect  this  desirable  end,  no  com- 
pulsory legislation  and  no  addition  to  the  powers  of  corporations  are 
needed.  The  educational  influence  of  the  conflicts  which  have  oc- 
curred, has  already  done  much,  and  the  conferences  which  frequently 
take  place  as  to  wages  and  regulations,  are  doing  more  to  establish 
a  better  understanding,  to  create  harmonious  action  and  to  de- 
velop the  idea  that  business  cannot  be  carried  on,  unless  both  the 
capital  and  the  labor  employed  share  directly  in  the  proceeds. 
The  two  classes  are  organized,  as  it  were,  into  armies  of  obser- 
vation, and  occasionally  they  come  into  conflict,  but  the  chances 
of  collision  are  becoming  daily  smalleraud  will  disappear  altogether 
when  their  differences  are  merged  in  a  sense  of  common  ownership 
through  the  agency  of  corporations,  admitting  and  cultivating  the 
direct  participation  of  the  workmen  in  the  profits. 

It  is,  however,  by  no  means  necessary  that  all  workmen  should 
thus  become  shareholders.  There  will  always  be  a  considerable  ele- 
ment of  an  unstable  and  unintelligent  character,  whose  participation 
in  the  ownership  is  neither  desirable  nor  possible;  but  I  think  the 
time  is  near  when  it  will  be  discreditable  to  a  workman  not  to  be  also 
an  owner  in  the  establishment  in  which  he  works,  and  that  all 
workmen  of  the  better  class  will  have  such  an  interest.  It  is  quite 
conceivable  that  the  workmen  may  ultimately  acquire  the  prepon- 
derating interest,  in  which  case  the  best  possible  solution  will  have 
been  reached,  in  which  labor  hires  capital  at  the  lowest  possible  rate 
and  thus  becomes  the  main  factor  in  the  conduct  of  industry.  This 
process  can  only  succeed  in  establishments  which  have  all  the  ele- 
ments of  success  in  the  way  of  location  and  the  possession  of  raw 
materials  and  of  appliances  for  work.  But  such  corporations,  in  the 
iron  business  at  least,  are  so  numerous  as  to  offer  abundant  opportu- 
nity for  the  inauguration  and  successful  application  of  this  beneficent 
policy.  I  am  glad  to  say  that  one  of  the  greatest  of  our  organiza- 
tions, recently  formed  by  the  consolidation  of  several  large  establish- 
ments most  favorably  situated  in  all  respects,  the  Illinois  Steel  Com- 
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panv,  has  made  a  proiuising  beginning  in  tlie  direction  of  interesting 
its  workmen  in  its  business.  The  outcome  of  this  experiment  will 
be  watched  with  very  great  interest;  and  it  may  be  commended  to 
the  attention  of  our  guests  as  the  most  important  and  encouraging 
feature  of  our  wonderful  development,  because  it  shows  how  the  con- 
centration of  force  under  one' management,  in  accordance  with  the 
modern  tendency  to  centralization,  may  be  made  to  solve,  and  must 
necessarily  solve,  the  problem  of  harmonizing  capital  and  labor  en- 
gaged in  the  work  of  production,  without  new  legislation  or  the 
application  of  any  other  than  familiar  and  well -recognized  principles 
of  social  organization. 

The  points  which  I  desire  to  enforce  by  these  arguments  are : 

First,  that  the  industrial  world  has  been  steadily  moving  during 
the  present  century  in  the  right  direction  for  the  welfare  of  mankind, 
and  that  the  disturbances  which  have  occurred  have  been  necessary 
incidents  of  a  beneficent  evolution  in  the  steady  advance  in  the  wages 
of  labor,  and  in  the  distribution  of  the  proceeds  of  industry  upon 
the  basis  of  equality  and  justice. 

Second,  that  it  is  not  necessary  to  invoke  any  new  principles  of 
government  or  to  inaugurate  any  revolution  in  order  that  capital 
and  labor  may  be  associated  together  in  peace  and  harmony.  Prog- 
ress is  rather  to  l>e  sought  in  diffusing  a  knowledge  of  the  princii)les 
upon  which  government  is  founded,  and  by  appropriate  legislation 
framed  in  accordance  therewith  to  meet  the  necessities  of  the  complex 
relations  arising  out  of  advancing  civilization  and  the  unprecedented 
increase  of  riches  in  our  day.  A  rigid  enforcement  of  the  laws 
thus  formed  is  the  necessary  and  sole  condition  for  the  maintenance 
of  progress,  peace  and  order. 

Third,  that  the  time  is  approaching  when  capitalists  and  laborers 
will  more  and  more  be  joint  owners  in  the  instruments  of  production. 
That  while  the  wages  system  will  necessarily  survive,  the  workmen 
will,  to  a  large  extent,  become  their  own  employers,  and  finally  may 
hire  capital  as  capital  now  hires  labor.  The  facilities  offered  for  the 
division  of  property,  through  the  distribution  of  corporate  shares, 
will  lessen  strife,  develop  skill,  reduce  cost,  increase  production,  and 
promote  the  equitable  distribution  of  wealth,  which,  it  must  never 
be  forgotten,  is  the  chief  end  of  the  social  organization. 

Fourth,  that  the  invasion  of  government  into  the  domain  of  in- 
dustry must  be  met  with  uncompromising  opposition.     The  jn'oper 
function  of  government  is  supervision,  regulation  and  adjudication. 
The  work  of  production  and  distribution  belongs  to  the  citizen.    Any 
VOL.  XIX.— 32 
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departure  from  this  principle  must  result  in  the  ruin  of  free  govern- 
ment and  in  the  substitution  of  despotism,  the  characteristics  of 
which  are  communism,  anarchism  and  nihilism. 

Our  contract-labor  law  is  an  example  of  the  pernicious  character  of 
such  interference.  It  affords  probably  the  only  instance  in  history  since 
the  expulsion  of  the  Huguenots  from  France,  in  which  the  government 
has  deliberately  decided  to  deprive  itself  of  the  highest  order  of  skill, 
by  refusing  to  admit  trained  workmen,  although  it  is  still  willing  to 
receive  ignorant  and  incompetent  immigrants.  If  this  law  had  been 
enforced  fifty  years  ago,  David  Thomas,  the  first  President  of  this 
Institute,  wiiose  advent  to  the  United  States  has  added  untold  mil- 
lions to  its  wealth,  would  never  have  seen  our  shores.  Read  the 
contract  under  which  this  benefactor  of  our  trade  was  induced  to 
leave  his  home,  and  contrast  it  with  the  provisions  of  the  law  which 
fetters  industry  and  deprives  us  of  trained  and  useful  citizens.* 

*  "  Memorandum  of  agreement  made  the  thirty-first  day  of  December,  1838,  between 
Erskine  Hazard  for  the  Lehigh  Crane  Iron  Company  of  the  one  part  and  David 
Tliomas,  of  Castel  Ddu,  of  the  other  part. 

"  1.  The  said  Thomas  agrees  to  remove  with  his  family  to  the  works  to  be  estab- 
lished by  the  said  Company  on  or  near  the  river  Lehigli,  and  thereto  undertake  tlie 
erection  of  a  blast-furnace  for  the  smelting  of  iron  with  anthracite  coal  and  the  work- 
ing of  the  said  furnace  as  furnace-manager,  also  to  give  his  assistance  in  finding  mines 
of  iron-ore,  fire-clay,  and  other  materials  suitable  for  carrying  on  iron  works,  and 
generally  to  give  his  best  knowledge  and  services  to  the  said  Company  in  the  pros- 
ecution of  the  iron  business  in  such  manner  as  will  best  promote  their  interests  for 
the  term  of  five  years  from  the  time  of  his  arrival  in  America,  provided  the  experi- 
ment of  smelting  iron  with  anthracite  coal  should  be  successful  there. 

"  2.  The  said  Hazard  for  the  said  Company  agrees  to  pay  the  expenses  of  the  said 
Thomas  and  his  family  from  his  present  residence  to  the  works  above-mentioned  on 
tiie  Lehigh  and  there  to  furnish  him  with  a  house  and  coal  for  fuel — also  to  pay 
him  a  salary  at  the  rate  of  two  hundred  pounds  sterling  a  year  from  the  time  of  his 
stipend  ceasing  in  his  present  employment  until  the  first  furnace  on  the  Lehigh  is 
got  into  blast  with  anthracite  coal  and  making  good  iron,  and  after  that  at  the  rate 
of  two  hundred  and  fifty  pounds  sterling  a  year  until  a  second  furnace  is  put  into 
operation  successfully,  when  fifty  pounds  sterling  shall  l)e  added  to  his  annual  salary, 
and  also  fifty  pounds  sterling  per  annum  additional  for  each  additional  furnace 
which  may  be  put  into  operation  under  his  management. 

"3.  It  is  mutually  agreed  between  the  parties  that  should  the  said  Thomas  fail 
of  putting  a  furnace  into  successful  operation  with  anthracite  coal,  that  in  that  case 
the  present  agreement  shall  be  void  and  the  said  Company  shall  then  pay  the  said 
Thomas  a  sinn  eijuivalent  to  the  expense  of  removing  himself  and  family  from  the 
Lehigh  to  their  present  residence. 

"  4.  In  settling  the  salary  four  shillings  and  sixpence  sterling  arc  to  be  estimated 
as  e(]ual  to  one  dollar. 

"In  witness  whereof  the  said  parlies  have  interchangcal)ly  set  their  hands  and 
seals  the  date  above  written. 

Witness :  Er.'^kine  IlA/.Aun,  [.skal.] 

Eor  Leiiigh  Crane  Iron  Company. 
David  Thomas.  [seal.] 
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But  in  condemning  the  interference  of  the  Government  in  the 
actual  work  of  production  or  distribution,  let  me  guard  against  the 
inference  that  I  am  not  in  sympathy  with  the  modern  tendency  of 
legislation  to  ameliorate  the  condition  of  the  laboring  class  by  suit- 
able regulations  of  the  hour^  of  labor,  by  securing  elementary  and 
technical  education,  by  improving  the  dwellings  and  providing  for 
the  general  recreation  of  the  masses,  Neither  do  I  object  to  the  con- 
trol by  the  Government  of  all  functions  which  are  of  a  general 
natlire,  such  as  the  transmission  of  letters  and  the  care  of  the  public 
health.  But  even  in  these  cases  the  general  government  should  con- 
fine itself  to  administration  and  regulation,  employing  as  far  as  possi- 
ble the  agencies  provided  by  private  enterprise. 

The  general  tendency  of  the  age  is,  however,  in  the  right  direc- 
tion, and  it  cannot  be  arrested  by  a  few  temporary  violations  of 
sound  statesmanship.  The  remedy  will  speedily  be  found  when  the 
workmen  generally  shall  acquire  a  direct  interest  in  the  great  indus- 
trial organizations  of  our  day;  and  it  is  to  this  result  that  all  intelli- 
gent and  patriotic  men  should  direct  their  efforts.  The  very  sim- 
plicity of  the  plan  may  suggest  doubts  as  to  its  efficacy,  but  all  doubt 
will  vanish,  I  am  sure,  if  in  our  trade  the  proprietors  and  managers 
shall  make  an  earnest  effort  to  interest  the  workmen  in  the  ownership 
of  the  property  by  making  it  easy  for  them  to  acquire  shares  upon 
the  same  terms  as  they  can  be  purchased  by  capitalists.  So  certain 
ara  I  of  the  disappearance  of  all  strife  when  this  diffusion  of  owner- 
ship shall  beconie  general,  that  I  have  been  impelled  to  ask  for  this 
subject  the  thoughtful  consideration  of  the  representatives  of  the  iron 
and  steel  industry  of  the  world,  now  for  the  first  time  assembled  in 
the  country  where  the  final  development  of  this  business  must  take 
place  upon  a  scale  of  unj)recedented  grandeur. 

If  I  have  ventured  to  give  an  exceptional  and  unusual  direction 
to  this  address,  it  is  because  I  ara  fully  persuaded  that  the  conflict 
between  capital  and  labor  cannot  go  on  without  impeding,  and  finally 
paralyzing,  the  operations  of  the  industrial  world,  and  interrupting 
the  continued  progress  of  society  in  wealth,  comfort  and  civilization. 
The  present  century,  now  nearing  its  close,  has  been  pre-eminently 
an  era  of  invention  and  of  development  in  the  forces  of  nature,  en- 
riching society  and  opening  possibilities  of  general  culture  beyond 
the  dreams  of  enthusiasm.  Industrial  peace  is,  however,  necessary 
to  the  fruition  of  the  hopes  of  a  better  adjustment  of  social  relations, 
and  of  progress  which  will  remove  all  privilege  and  all  artificial  im- 
pediments to  the  final  establishment  of  equal  rights.     It  is  encour- 


500  IRON   AND    LABOR. 

aging  to  think  that  this  result  can  be  reached  without  seeking  for 
any  new  i)rinciples  of  government  or  introducing  any  new  methods 
of  legislation.  Natura  viam  monstrat.  We  have  no  more  reason  to 
fear  association  than  we  have  to  dread  competition,  for  they  are  the 
necessary  and  inseparable  factors  of  progress.  They  are  the  agencies 
which  have  transformed  the  face  of  society  during  the  present  century. 
They  are  only  in  the  infancy  of  their  power,  and  no  man  can  measure 
their  potency  in  overcoming  the  evils  which  survive  or  which  have  been 
incidentally  occasioned  in  the  application  of  the  natural  forces  in  new 
directions.  If  we  are  careful  to  secure  the  maintenance  and  the  appli- 
cation of  individual  energy,  we  have  nothing  to  fear  from  association 
and  combination.  Participation  in  the  ownership  of  the  instruments  of 
production  and  the  agencies  of  distribution,  rendered  possible  through 
the  subdivision  of  the  shares  of  the  great  corporations  which  control 
the  domain  of  industry,  will  give  the  workmen  who  are  employed 
in  their  conduct  full  scope  for  individual  energy  and  the  develop- 
ment of  special  skill  in  every  department.  The  general  distribution 
of  shares  is,  therefore,  to  be  encouraged  as  the  true  solution  of  the 
conflict  between  capital  and  labor,  and  may  be  relied  upon  to  bring 
peace  out  of  contention  without  resorting  to  the  exasperating  falla- 
cies of  communism,  or  the  dangerous  tendencies  of  class  legislation, 
or  to  governmental  interference  with  industrial  pursuits. 
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I. 

Table  of  Production  of  Leading  3Ietals  and  Minerals  in  the  United 

States  during  the  First  C(?ntury  of  National  hide pendei ice. 

Prepared  by  R.  AV.  Raymond. 

Kepublished  for  Comparison,  from  the  Appendix  to  the  Presidential   Address  of 

1876,  "A  Century  of  Mining  and  Metallurgy  in  the  United  States," 

Trans.,  v  ,  164. 
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2,. 539, 783 
,560.962 
2,401,261 
2, 108,, 554 


4,432* 

l,:\si 

1,771 
3,927 
7,815 
7,824 
7,163 
6,646 
8,888 
9,767 
10,5.52 
11,696 
14,216 
11,994 
13,512 
15,539 
15,000 
18,171 
21,586 
21,000 
22,000 
26,500 
25,000 
25,000 
22,500 
21,000 
19,500 
16,500 
14,000 
15,000 
14,000 
14,000 
14,000 
14,000 
14,000 
14,  Of  10 
14,000 
14,000 
14,000 
14,000 
14,000 
13,165 
14,342 
13,662 
14,636 
15,a53 
15,922 
17,854 
23,106 
46,661 
53,219 
53,000 


2,680* 

100 

1.50 

300 

500 

700 

600 

800 

1.000 

1,850 

2,250 

3,000 

4,000 

4,800 

5,500 

6,300 

7,200 

7,. 500 

9,000 

6,474 

6,518 

6,811 

6.978 

7,774 

9,467 

11,8.58 

12,650 

12,546 

11,948 

15,573 

17,548 

15,626 


Total  341 ,521,423    40,000,000     855,000       200,000      840,000     1,332,700,000  261,450,000  70,594,600 


25,424* 

24! 000 

20,000 

19,000 

27,000 

33,000 

.30,000 

28,000 

31,000 

12,000 

10,000 

35,000 

42,000 

40,5.31 

47,489 

53,000 

46,, 5.50 

37,000 

37,000 

33,713 

29,. 546 

31,881 

30,306 

28,600 

34,2.54 

53,706 


Gold, 
in  dollars, 
U.  S.  coin. 


20,000,000* 

10,000,000 

40,000,000 

50,000,000 

55,000,000 

60,000,000 

65,000,000 

60,000,000 

65,000,(X)0 

.55,000,000 

55,(K10,000 

50,000,000 

50,000,000 

46,000,000 

43,000,000 

39,200,000 

40,000,000 

46,100,000 

53,200,000 

53,-500.000 

51,700,000 

48,000,000 

49,500,000 

50,000,000 

43,, 500, 000 

36,000,000 

35,000,000 

39,600,000 

33,400,000 


Silver, 
in  dollars, 
U.  S.  coin. 


Petrol'm, 
in  barrels 
of  42  gal- 
lons. 


1,000,000* 
100,000 
1,50,000 
2,000,000 
4,  .500, 000 
8,500,(100 
11,000,000 
11,250,000 
10,000,000 
13,, 5.50, 000 
12,000,000 
13,000,000 
16,000,000 
22,000,000 
25,7.50,000 
36,. 500, 000 
32,800,000 
41,400,000 


3.200 
650,000 
2,113,600 
3,056,606 
2,611,359 
2,116,182 
3,497,712 
3..597,,527 
3,347,306 
3,715,741 
4,215,000 
5,659.000 
5,795.000 
6,539,103 
9,879,4.55 
10,910,303 
8,787,-506 


*  Including  the  whole  previous  period  from  1776. 
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II. 


Table  of  Production  of  Leading  Metals  and  Minei'als  in  the  Uaited 

States  from  1876  to  1889  inclusive. 

Prepared  by  W.  B.  Kunhardt. 


Year. 


1776) 

to  y 

1875) 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 


Anth  racite 
in  tons  of 
2210  lbs. 


Pig-iron 

in  tons  of 

2240  lbs. 


341,521,423 

19,611,070 
21,323,000 
18,275,000 
29,8:M,447 
27,115,000 
30,738,1X5 
31,358,264 
33,3.S6,4fi9 
33,175,756 
34,228,548 
34,853,077 
37,578,747 
41,624,611 
37,532,172 


40,000,000 

1,868,960 
2,066,593 
2,126,7^5 
2,741,853 
3,835,191 
4,144,254 
4,623,32:? 
4,595,510 
4,097,868 
4,044,525 
5,683,329 
6,417,148 
6,489,738 
7,603,642 


Lead    !  Copper!  "^^^^^ 
in  tons  in  tons:- ;'iy:L 
of    2240  of    2240  ''V    ?ri/ 
lbs.  lbs.      ofjb's^^ 


855,000:  200,000 


57,210 

73,125 

81,. 303 

82,840 

86,450 

104,540 

118,652 

127,640 

124,908 

115,546 

121,097 

143,482 

*166,071 

tl69,640. 


18.000 
20,089 
20,759 
23,500 
27,000 
31,7411 
40,913 
52,. 300 1 
64,8.311 
76,322 
7l,980| 
82,442 
103,245 
107,857 


840,000 

75,074 
79,396 
63.880 
73,684 
59,926 
60,851 
52,7.32 
46,72.5 
31,913 
32,073 
30,068 
33,825 
33,250 
26,464 


Total  772,101,769    100,338,719    2,427,504    940,979  1,5.39^861    1,839,476,000    929,932,764  404,881,414 


Gold, 
in  dollars, 
U.  S.  coin. 


Silver,  I  Petroleum 
in  dollars,  '  in  barrels 
l).S.  coin.  |0f  42  gals 


l,a32,700,000    261,450,000    76,594,600' 


39,900,000 
46.900,000 
51.200,000 
38,900,000 
36,000,000 
34,700,000 
32,500,000 
30,000,0(X) 
30,800,000 
31,801,000 

a5, 000, 000 

33.100,000 
33,175,000 
32.800,000 


38,800,000 
39,800,000 
45,200,000 
40,800,0001 
39,200,000 
43,000,000 
46,800,000 
46,200,000 
48,800,000 
51,600,000 
51,000,000 
53,441,300 
59,195,000 
64,646,464 


9,175,906 
13,490,171 
15,163,462 
19,785,176 
26,032,421 
27. 376.. 509 
30.0.53,500 
23,400,229 
24,089,758 
21,842,041 
28,110,115 
28,249,-597 
27,615,929 
33,902,000 


*  Including  28,6:56  tons  imparted  in  ores  from  Mexico, 
t  Including  19,000  tons  imported  in  ores  from  Mexico. 

III. 

Bituminous-Coal   Production. 


Year. 

Tons  of  2240  lbs. 

1875 

26,031,726 

1876 

*27,569,08r 

1877 

30,778,329 

1878 

31,525,322 

1879 

33,665,709 

1880 

38,768,000 

1881 

47,621,918 

■   1882 

60,860,000 

1883 

68,531,000 

1884 

73,730,000 

1885 

64,840,000 

1886 

65,810,000 

1887 

78,464,000 

1888 

87,535,000 

1889 

99,923,000 

*  The  figures  for  1876, 1877, 1878, 1879  and  1881  are  estimates  kindly  furnished  by  Mr.  Fred- 
crick  .Saward  of  the  New  York  Coal  Trade  Journal. 
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STATISTICAL  CHARTS. 

[Prepared  by  Mr,  John  Hughes,  New  York  City,  under  tlie  Direction  of  Mr. 

A.  S.  Hewitt,  to  Illustrate  the  Presidential  Address  on  "  Iron  and 

Labor,"  New  York  Meeting,  September,  1890.] 

The  followino;  diagrams,  reduced  and  enarraved  from  a  large 
chart  prepared  for  use  in  Cliickering  Hall,  on  the  occasion  of  the 
recent  meeting,  illustrate  graphically  the  progress  of  the  world  and 
of  the  several  leading  countries  in  the  production  of  ooal,  iron  and 
steel,  and  the  relation  which  this  development  bears  to  increase  in 
wealth  and  population,  and  to  the  course  of  prices  and  the  produc- 
tivity of  land. 

R  W.  R. 
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TBE  FEESEJS'TATION  OF  TEE  BESSEMEB  MEDAL. 

(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Steel  Institute, 
October,  1890.) 

Address  of  Sir  James  Kitson,  President  of  the  Iron 
AND  Steel  Institute. 

I  HAVE  now  the  duty — the  very  pleasant  duty — to  perform,  of 
presenting  to  the  Hon.  Abram  S.  Hewitt  the  Bessemer  gold  medal 
for  distinguished  services  to  the  iron  and  steel  trade.  When  this 
matter  was  brought  under  consideration  in  London  it  was  well  known 
that,  as  Mr.  Hewitt  would  be  the  first  to  acknowledge,  there  is  more 
than  one  man  in  America  upon  whom  we  would  gladly  have  con- 
ferred this  distinction,  and  to  whom  this  merit  might  be  justly  at- 
tributed ;  but  Mr.  Hewitt  has  been  long  known  to  our  distinguished 
members  on  the  other  side  of  the  Atlantic  as  one  of  the  most  active 
minds  in  the  investigation  of  new  methods  of  manufacture,  and  one 
of  the  most  enterprising  metallurgists  on  this  side  of  the  Atlantic. 
Well,  gentlemen,  we  proposed  to  Mr.  Hewitt  that  he  should  receive 
this  gold  medal,  but  I  think  it  is  quite  right,  and  is  his  due,  that  I 
should  state  that  he  at  once  declined  to  receive  it;  and  he  declined 
•in  a  manner  which  rendered  it  impossible  to  any  one  but  very  per- 
sistent friends  and  very  ob.stinate  Englishmen  to  refuse.  When  we 
heard  that  our  American  friends  had  conferred  once  more  upon  Mr. 
Hewitt  the  distinction  of  President  of  the  American  Institute  of 
Mining  Engineers,  and  particularly  with  reference  to  our  contem- 
plated visit,  and  when  we  heard  that  he  had  been  elected  unani- 
mously to  that  position,  we  felt  that  we  had  received  the  stamp  of 
approval  from  this  side. 

Gentlemen,  as  I  said  before,  Mr.  Hewitt  has  long  been  known  to 
many  of  us  in  England  as  an  advocate  of  scientific  education.  A 
report  which  he  made  of  the  metallurgical  products  at  the  Paris 
Exposition  in  1867  was  one  of  the  matters  which  drew  very  clearly 
and  distinctly  the  attention  of  the  English  iron  and  steel  trade  to 
the  necessity  of  further  improvement  in  our  technical  education  as 
to  iron  and  steel ;  and  it  was  one  of  those  beginnings  which  led  ulti- 
mately to  the  foundation  of  the  Iron  and  Steel  Institute.  The  de- 
velopment of  the  ideas  which  he  there  investigated  undoubtedly  led 
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our  foremost  minds  to  the  foundation  of  this  Institute ;  and  therefore 
it  is  only  a  debt  of  gratitude  which  we  are  paying  when  we  present 
to  him  this  gold  medal.  But,  gentlemen,  his  services  to  the  iron 
and  steel  trade  of  America  are  very  remarkable.  I  might  take  up 
again  the  point  which  Mr.  Carnegie  gave  me  yesterday,  that  this  is 
a  year  and  that  this  is  the  country  of  "firsts;"  for,  in  1856,  very 
shortly  after  the  announcement  by  Sir  Henry  Bessemer  of  his  inven- 
tion for  the  manufacture  of  steel  at  Cheltenham,  Mr.  Hewitt  very 
quickly  made  inquiries;  and  the  result  of  those  inquiries  was  that 
the  first  experimental  Bessemer  converter  in  America  was  erected  at 
the  works  of  Messrs.  Cooper  &  Hewitt  in  1856.  In  fact,  I  believe 
that,  with  the  usual  rapidity  of  Americans,  within  sixty  days  from 
that  announcement,  a  Bessemer  converter  was  working  in  the  States. 
Of  course  it  is  to  be  understood  that  that  was  an  experimental  con- 
verter. It  was  not  the  establishment  of  the  Bessemer  process  in  the 
States. 

Well,  then,  I  find  further  that  Mr.  Hewitt  was  the  first  to  build 
an  open-hearth  furnace  in  the  United  States.  He  was  concerned 
with  the  Martin  patents,  involving  also  the  use  of  the  Siemens'  re- 
generative furnace,  and  the  open-hearth  furnace  which  he  built  for 
the  manufacture  of  steel  was  the  successful  "first"  of  a  multitude. 
To  him  is  therefore  due  the  initiative  of  the  introduction  of  that 
process. 

But  not  content  with  that,  on  the  announcement  of  Mr.  Snelus's 
invention  for  improved  basic  linings,  Mr.  Hewitt  took  an  interest 
in  that  invention,  which  was  the  first  step  which  led  him  to  be  asso- 
ciated with  the  Thomas-Gilchrist  basic  patents,  and  through  his 
intervention  that  process  also  was  first  introduced  into  the  United 
States. 

I  think,  gentlemen,  that  I  have  given  you  a  record  which  justifies 
our  distinguishing  him,  and  also  ourselves,  by  enrolling  him  on  the 
list  of  the  recipients  of  the  Bessemer  medal.  Of  him  as  a  man  in 
New  York  it  is  not  for  me  to  speak.  His  integrity,  his  public  spirit, 
his  self-denial,  are  well  known  to  you  all.  I  think  that  I  might 
rightly  use  toward  him  the  words  of  one  of  your  American  writers, 
who  says : 

Yon  know  him  well ;  no  need  of  praise, 

Or  bonfire  from  the  windy  hill 
To  light  to  loftier  paths  and  ways 

The  world-worn  man  we  honoi-  still. 
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Reply  of  Hon.  Abram  S.  Hewitt. 

Mr.  President  :  No  one  can  be  more  sensible  than  I  am  of  tlie 
great  honor  conferred  by  the  bestowal  of  the  Bessemer  medal,  or 
more  grateful  for  the  felicitous  and  generous  words  in  which  you 
have  given  expression  to  the  decision  of  the  Council.  Nevertheless, 
I  am  not  able  to  accept  this  distinction,  the  great  object  of  ambition 
in  our  profession,  without  a  feeling  of  compunction,  which  justifies 
me  in  referring  to  the  fact  that  when  the  decision  was  made  known  to 
me  I  asked  the  Council  to  reconsider  its  determination,  and  confer 
the  honor  upon  some  one  who  had  contributed  directly  to  the  im- 
provement of  the  processes  which  have  brought  the  production  of 
steel  to  its  present  state  of  perfection  in  this  country.  My  own  con- 
nection Nvith  the  business,  although  life-long,  has  been  rather  in  the 
direction  of  administration,  and  of  the  study  of  the  economic  con- 
ditions of  the  trade,  and  of  legislation  affecting  its  interests,  than 
with  technical  details.  I  can  make  no  pretensions  to  either  the  sci- 
entific or  the  practical  knowledge  which  constituted  the  merit  of  the 
eminent  men  whom  you  have  heretofore  decorated  with  the  Bessemer 
medal.  Nevertheless,  I  am  somewhat  reconciled  to  your  decision  by 
the  information  that  this  particular  medal  is  conferred  out  of  the 
ordinary  course,  and  has  been  provided  by  Sir  Henry  Bessemer  in 
view  of  your  visit  to  this  country,  in  order  to  enable  you  to  make  a 
recognition  of  the  wonderful  development  of  the  steel  industry  which 
lias  taken  place  during  the  last  decade  in  the  United  States.  Receiv- 
ing it,  as  I  do,  with  a  profound  sense  of  the  honor  which  its  posses- 
sion implies,  I  feel  that  I  hold  it  in  trust,  as  it  were,  for  the  able 
engineers  who  have  had  to  deal  with  the  new  processes  for  the  manu- 
facture of  steel,  and  of  whom  you  have  seen  fit  to  select  me  as  the 
representative. 

In  one  respe(;t,  however,  I  may  have  been  sufficiently  in  advance 
of  my  associates  to  attract  your  favorable  consideration.  Mr.  Bes- 
semer read  his  celebrated  paper  describing  the  process  of  producing 
steel  without  fuel  at  the  Cheltenham  meeting  of  the  British  Asso- 
ciation for  the  Advancement  of  Science,  in  the  summer  of  1856.  An 
imperfect  report  of  this  paper  was  published  in  the  journals  of  the 
day,  and  attracted  my  notice.  The  theory  announced  seemed  to  be 
entirely  sound,  and  the  apparatus  simple  and  effective.  I  gave  orders 
at  once,  without  further  information  than  that  derived  from  the  pub- 
lished report,  to  erect  an  experimental  vessel  for  the  purpose  of  test- 
ing the  possibility  of  producing  steel  direct  from  the  pig-iron. 
In  the  same  year  in  which  the  paper  was  read,  the  experiment  was 
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tried  at  the  furnace  of  Cooper  &  Hewitt,  at  Phillipsburg,  in  Xew 
Jersey,  and  the  result  served  to  show  beyond  all  doubt  that  the  in- 
vention of  Mr.  Bessemer  was  one  which  could  be  successfully  reduced 
to  practice.  The  same  difficulties,  however,  which  confronted  him 
showed  themselves  in  this  humble  experiment,  and  the  further  prose- 
cution of  the  matter  was  deferred  to  a  more  convenient  season.  We 
all  know  the  obstacles  which  Mr.  Bessemer  succeeded  in  overcoming, 
and  the  marvellous  ingenuity  and  wide  range  of  knowledge  which  he 
brought  to  bear  in  perfecting  his  process.  To-day,  not  yet  thirty-five 
years  from  the  time  when  the  announcement  was  made,  it  may  be  said 
to  have  revolutionized  the  iron  and  steel  trade  of  the  world.  The 
whole  product  of  steel  of  all  kinds  made  prior  to  his  invention  was 
insignificant.  To-day,  the  production  has  reached  10,500,000  tons, 
being  more  than  one-third  of  the  whole  consumption  of  iron  in  the 
world.  It  is  still  rapidly  advancing  upon  the  domain  occupied  by 
the  ordinary  iron  of  commerce,  and  it  is  quite  evident  that  the  day 
is  not  far  distant  when  the  use  of  that  commodity  will  be  restricted 
to  special  purposes,  serving  to  remind  us  of  processes  which  other- 
wise would  have  been  consigned  to  history. 

I  do  not  propose  to  enlarge  upon  the  practical  application  of  the 
Bessemer  process  to  the  manufacture  of  steel ;  but,  if  you  will  bear 
with  me,  I  think  it  would  be  well  to  direct  attention  to  the  effects  of 
this  invention  upon  the  economic,  social  and  political  condition  of 
the  world.  A  very  few  considerations  will  serve  to  show  that  the 
Bessemer  invention  takes  its  rank  with  the  great  events  which  have 
changed  the  face  of  society  since  the  time  of  the  Middle  Ages.  The 
invention  of  printing,  the  construction  of  the  magnetic  compass,  the 
discovery  of  America,  and  the  introduction  of  the  steam-engine  are 
the  only  capital  events  in  modern  history  which  belong  to  the  same 
category  as  the  Bessemer  process.  They  are  all  examples  of  the  law 
of  progress  which  evolves  moral  and  social  results  from  material 
development.  The  face  of  society  has  been  transformed  by  these 
discoveries  and  inventions.  It  is  inconceivable  to  us  how  the  world 
even  existed  without  these  appliances  of  modern  civilization,  and  it  is 
quite  certain  that  if  we  were  deprived  of  the  results  of  these  inven- 
tion.s,  the  greater  portion  of  the  human  race  would  perish  by  starva- 
tion, and  the  remainder  would  relapse  into  barbarism.  I  know  it 
is  very  high  praise  to  class  the  invention  of  Bessemer  with  these 
great  achievements,  but  I  think  a  candid  survey  of  the  situation  will 
lead  us  to  the  conclusion  that  no  one  of  them  has  been  more  potent  in 
preparing  the  way  for  the  higher  civilization  which  awaits  the  coming 
century  than  the  pneumatic  process  for  the  manufacture  of  steel.    Its 
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influence  can  now  be  traced,  altliough  the  future  results  are  still 
beyond  the  reach  of  the  imagination. 

Its  principal  characteristic  is  to  be  found  in  its  cheapness.  Steel 
is  now  produced  at  a  cost  less  than  that  of  common  iron.  This  has 
led  to  an  enormous  extension  in  its  use  and  to  a  great  reduction  in 
the  cost  (>f  the  machinery  wliich  carries  on  the  operations  of  society. 
The  eflfecl  has  been  most  marked  in  three  particulars :  First.  The 
cost  of  constructing  railways  has  been  so  greatly  lessened  as  to  permit 
of  their  extension  into  sparsely  inhabited  regions,  and  the  consequent 
occupation  of  distant  territory  otherwise  beyond  the  reach  of  settle- 
ment. Second.  The  cost  of  transportation  has  been  reduced  to  so 
low  a  point  as  to  bring  into  the  markets  of  the  world  crude  products 
which  formerjy  would  not  bear  removal,  and  were  thus  excluded 
from  the  exchanges  of  commerce.  The  practical  result  of  these  two 
causes  has  been  to  reduce  the  value  of  food-products  throughout  the 
civilized  world  ;  and  inasmuch  as  cheap  food  is  the  basis  of  all  indus- 
trial development  and  the  necessary  condition  for  the  amelioration  of 
humanity,  the  present  generat'on  has  witnessed  a  general  rise  in  the 
wages  of  labor,  accompanied  by  a  fall  in  the  price  of  the  food  which 
it  consumes.  I  think  it  would  be  a  very  modest  estimate  of  the 
improvement  in  the  condition  of  the  working-classes  as  a  whole  to 
say,  that,  in  the  essential  elements  of  comfort,  the  working-classes  of 
our  day  are  enabled  to  earn  and  to  expend  at  least  double  the  amount 
which  was  at  their  command  in  any  previous  age  of  the  world.  This 
result  apj)ears  to  me  to  be  due  very  largely,  if  not  altogether,  to  the 
economy  in  the  agencies  of  production  made  by  the  cheap  steel  of 
the  Bessemer  process,  and  of  the  other  inventions  which  have  fol- 
lowed in  its  wake.  These  are  material  results,  but  they  are  accom- 
panied with  the  slow  but  sure  elevation  of  the  great  mass  of  society 
to  a  higher  plane  of  intelligence  and  aspiration.  No  better  evidence 
of  this  can  be  afforded  than  the  association  of  workingmen  together 
for  the  advancement  of  their  moral  and  social  condition.  Trouble- 
some as  the  trades-unions  may  have  been,  they  indicate  a  step  in 
advance  which  should  be  the  subject  of  congratulation  among  all 
well-wishers  of  the  race.  I  see  nothing  but  good  to  come  out  of  the 
modern  tendency  to  association,  and  I  hold  it  to  be  one  of  the  chief 
glories  of  Sir  Henry  Bessemer  that  he  has  contributed  more  than  any 
other  living  man  to  that  condition  of  industry  which  compels  all 
who  are  engaged  in  its  conduct  to  combine  on  a  scale  unknown 
before  his  time  in  the  work  of  economic  production  and  equitable 
distribution. 

The  first  striking  result  in  the  cheapening  in  the  cost  of  the  pro- 
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duction  and  transportation  of  food-products  was  felt  in  Great  Britain, 
which  is  now  compelled  to  import  at  least  two-thirds  of  its  consump- 
tion. The  competition  of  our  western  wheat-regions  with  the 
products  of  India  in  the  English  market  altered  the  whole  condition 
of  agriculture  in  the  British  Isles.  The  profitable  raising  of  wheat 
practically  became  impossible,  and  the  farmers  who  had  depended 
upon  it  could  no  longer  pay  the  rents  stipulated  in  their  leases.  A 
general  reduction  of  rent,  therefore,  became  necessary,  which  of 
course  reduced  the  income  of  the  landlords.  The  aristocracy  of 
Great  Britain  is  a  survival  of  previous  conditions,  depending  for  its 
existence  upon  the  ownership  of  the  land  and  the  revenue  derived 
from  it.  Hence  a  serious  if  not  fatal  blow  at  the  domination  of  what 
may  be  termed  the  privileged  class  of  Great  Britain  was  struck, 
unintentionally,  doubtless,  by  the  invention  of  Bessemer.  We  have 
not  yet  seen  the  final  re.«ult  of  the  competition  it  has  introduced,  but 
enough  is  apparent  to  show  that  the  structure  of  the  British  Govern- 
ment will  necessarily  undergo  very  serious  changes,  all  tending  to 
the  transfer  of  power  from  those  who  own  the  land  to  the  commer- 
cial, manufacturing  and  working-classes  of  the  people.  I  think  it 
is  doubtful  whether  any  event  in  modern  times,  of  equal  significance, 
has  occurred.  Sir  Henry  Bessemer  has  certainly  been  the  great 
apostle  of  democracy,  and  although  he  may  be  inclined  to  disavow 
the  claim,  history  will  record  the  fact  that  he  has  been  the  most  potent 
factor  in  the  reconstruction  of  the  British  Constitution  upon  the  basis, 
ultimately  to  be  reached,  of  universal  suffrage. 

Turning  from  GreatBritain  to  this  country,  the  effects  of  tl)e  Bes- 
semer invention  have  been  even  more  pronounced  and  striking.  The 
cheapening  in  the  cost  of  transportation  enabled  us  to  increase  enor- 
mously the  sales  of  food-products  in  foreign  markets.  In  accord- 
ance with  the  well-known  law  of  commerce  that  a  nation  cannot  sell 
without  buying,  our  imports  of  foreign  merchandise  have  been  in- 
creased in  a  corresponding  degree.  Under  our  fiscal  system,  made 
necessary  by  the  war  for  the  Union,  a  revenue  has  been  derived 
enabling  us  to  reduce  our  national  debt  in  twenty-five  years  from 
about  four  thousand  millions  of  dollars  to  less  than  nine  hundred 
millions  of  dollars  at  the  present  time,  notwithstanding  the  payment 
of  a  pension-roll  which  now  atnounts  to  fully  one  hundred  and 
twenty  millions  of  dollars  per  annum.  We  can  trace,  therefore, 
directly  to  the  Bessemer  invention  the  ability  to  reduce  our  national 
debt,  and  finally  to  pay  oft' the  outstanding  bonds  at  maturity.  This 
proposition  can  easily  be  verified  by  examining  the  results  of  the 
operation  of  our  railroads,  by  which  it  will  appear  that  since  1870, 
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when  Bessemer  rails  began  to  be  largely  used,  the  rate  of  transj)or- 
tation  lias  been  reduced  about  two-thirds,  and  an  eminent  authority 
has  recently  stated  that  the  difference  in  a  single  year  would  novv 
amount  to  one  thousand  millions  of  dollars,  a  very  large  portion  of 
which  is  directly  traceable  to  the  greater  durability  of  the  track,  due 
to  steel  rails  and  the  capacity  to  haul  increased  loads,  not  only  in  the 
cars  but  in  the  train.  I  doubt  whether  it  ever  occurred  to  Sir  Henry 
Bessemer  to  consider  the  cflliect  of  his  invention  in  furnishing  us  the 
means  of  paying  off  our  national  debt,  but  it  certainly  ought  to 
secure  for  him  the  gratitude  of  every  American  citizen ;  and  I  am 
glad  to  have  the  opportunity,  on  this  occasion,  to  bring  this  obliga- 
tion to  the  notice  of  my  countrymen. 

The  third  point  to  which  I  would  call  attention  is  the  vast  exten- 
sion and  new  direction  of  commerce  which  has  resulted  from  the 
construction  of  steel  vessels.  The  size  of  these  vessels  has  enor- 
mously increased,  and  the  cost  of  operating  them  has  been  reduced 
in  a  corresponding  degree,  comparing  very  favorably  with  the  re- 
duction of  cost  upon  land,  which  is  about  one-third  of  what  it 
was  ten  years  ago.  The  characteristic  of  modern  commerce  is  the 
rapidity  with  which  exchanges  are  made,  and  in  the  fact  that  all  por- 
tions of  the  habitable  globe  are  quickly  reached.  The  commercial 
world  has  been  converted  into  a  vast  clearing-house  for  the  ex- 
change of  products.  One  country  may  sell  to  another  more  than  it 
buys  from  it,  or  buy  more  than  it  sells,  but  the  difference  is  counter- 
balanced by  a  corresponding  sale  and  purchase  from  some  other 
country.  The  balances  are  not  paid  in  money,  but  are  passed  to  the 
credit  of  each  country  in  the  general  settlement  which  takes  place 
in  the  banking  centers  of  the  commercial  world.  Thus  the  function 
of  the  precious  metals  is  reduced  simply  to  the  payment  of  final  bal- 
ances which,  in  the  course  of  any  one  year,  are  small  in  amount. 
The  economy  in  exchange  thus  effected  is  largely  due  to  the  improve- 
ment in  transportation,  made  possible  by  the  general  use  of  steel, 
aided  by  the  telegraph  and  particularly  by  the  submarine  cables 
which  now  reach  every  part  of  th.e  civilized  world.  The  inter- 
dependence of  the  human  race  has  thus  been  increased,  and  the  j)os- 
sibilities  of  hostile  action  by  war  diminished  in  a  corresponding 
degree.  The  name  of  Bessemer  will,  therefore,  be  added  to  the 
honorable  roll  of  men  who  have  succeeded  in  sj)reading  the  gospel 
of  "  Peace  on  earth  and  good  will  towards  men,"  which  our  divine 
Master  came  on  earth  to  teach  and  to  encourage. 

I  have  some  hesitation,  in  conclusion,  in  referring  to  another  point 
which  seems  to  me  to  be  required  in  order  to  complete   this  hasty 


522  THE   PRESENTATION    OF   THE    BESSEMER   MEDAE. 

reference  to  the  claims  of  Sir  Henry  Bessemer  to  the  admiration  and 
gratitude  of  mankind.  It  is  to  be  hoped  that  out  of  the  stupendous 
results  of  his  genius  he  has  acquired  for  himself  an  ample  fortune. 
How  large  the  amount  may  be  I  have  no  means  of  knowing,  but  if 
he  should  be  in  the  receipt  of  even  a  small  percentage  of  the  annual 
saving  to  society,  he  would  have  the  largest  income  of  all  men  in 
the  world.  It  is  the  fashion  of  the  day  to  rail  at  the  possessors  of 
large  fortunes,  and  there  are  people  who  imagine  that  they  have  been 
wronged  by  the  existence  of  such  aggregations  of  wealth.  It  is  doubt- 
ful whether,  in  proportion  to  the  total  wealth  of  mankind,  the  portion 
which  may  be  controlled  by  the  few  who  are  recognized  as  great  capi- 
talists is  as  large  in  our  time  as  in  other  ages  of  the  world.  But  even 
if  the  case  were  otherwise,  no  man  can  allege  that  he  is  not  a  positive 
gainer  by  the  results  of  the  Bessemer  invention,  or  that  he  suffers 
loss  or  damage  in  any  way  from  the  fact  that  Bessemer  has  secured 
for  himself  a  small  portion  of  the  benefits  which  his  genius  has  con- 
ferred upon  mankind.  His  examjde  is  of  inestimable  value,  there- 
fore, in  showing  that  the  existence  of  large  fortunes,  as  a  rule,  is  the 
evidence  of  benefactions  vastly  greater  to  the  wealth  of  the  world, 
by  which  all  have  gained  and  none  have  lost.  Although  there  are 
undoubtedly  striking  exceptions  to  this  general  rule  in  tlie  possession 
of  fortunes  due  to  accident  or  even  to  fraud,  these  exceptions  only 
serve  to  call  public  attention  to  the  real  question  which  underlies  the 
accumulation  of  wealth  in  private  hands,  namely,  the  mode  in  which 
it  is  used  by  the  possessors.  A  great  capital  is  a  great  blessing  if  it 
is  employed  in  adding  to  the  resources  and  advancing  the  civilization 
of  the  world.  It  is  a  curse  only  when-  it  is  used  for  demoralizing 
expenditures  and  vicious  indulgence.  The  career  of  Bessemer^  tiiere- 
fore,  is  admirable,  not  only  in  having  added  to  the  general  wealth, 
but  in  the  employment  of  liis  share  of  the  proceeds  of  his  invention 
for  the  spread  of  knowle<lge,  the  progress  of  industry,  and  the  reward 
of  efforts  to  promote  the  welfare  of  the  race.  He  is  now  in  the 
evening  of  his  days,  but  he  is  also  at  the  summit  of  his  fame,  for  he 
has  lived  to  see  the  marvelous  fruits  of  his  genius  in  the  advance- 
ment of  his  fellow-men  to  a  higher  plane  of  comfort  and  intelligence 
ihan  has  been  possible  in  any  previous  age. 

I  think,  therefore,  Mr.  President,  that  I  am  justified  in  asking  you 
to  carry  back  to  Sir  Henry  Bessemer  the  grateful  regards  of  his  kin 
beyond  the  sea,  whose  homes  he  has  multiplied,  whose  country  he 
has  developed,  whose  burdens  of  debt  he  has  lightened,  and  whose 
j)rogross  in  all  the  arts  of  civilization  he  has  placed  upon  a  basis  as 
durable  as  the  material  with  which  his  name  will  ever  be  associated. 
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XOTES  ON  BECENT  UIPBOVEIIEI^'TS  IN  GEBMAX  STEEL- 
WOBKS  AND  ROLLING-MILLS. 

By   R.    jr.    DAELEN,   DUSSELDORF,    GERMANY. 
(New  York  Meeting,  September,  1890.) 

In  recent  years  many  new  appliances  have  been  introduced  into 
German  steel-works  and  rolling-mills  for  the  purpose  of  improving 
working-methods,  and  of  creating  and  maintaining  increased  pro- 
duction, and  satisfying  the  ever-growing  demand  for  metal  of  closely 
specified  hardness,  strength  and  form.  One  result  of  the  improve- 
ments has  been  to  aid  very  effectively  in  demonstrating  the  real 
superiority  of  ingot-  over  \Vrought-iron  for  almost  every  possible 
purpose,  and  in  dispelling  the  last  vestiges  of  prejudice  unfavorable 
to  the  new  metal. 

If,  nevertheless,  no  marked  decrease  in  the  number  of  puddling- 
furnaces  has  yet  been  noticed,  the  cause  of  their  survival  must  be 
attributed  to  the  greatly  increased  consumption  of  all  kinds  of  iron- 
manufactures.  Several  large  new  works  for  the  production  of  ingot- 
iron  are  now,  however,  in  course  of.  erection  in  the  Rhenish-West- 
phalian  district,  and  upon  their  completion  a  rapidly  diminishing 
output  of  wrought-iron  may  be  anticipated. 

The  present  aim  of  all  large  works  manufacturing  ingot-iron  is  to 
work  the  molten  blast-furnace  pig  into  a  finished  product  without 
any  further  fuel-consumption  than  is  required  to  furnish  steam  for 
the  rolling-mill.  Though  practice  has  established  the  feasibility  of 
this  principle,  no  works  can  yet  point  to  its  complete  adoption, 
partly  because  of  the  limitations  imposed  by  existing  conditions  and 
plant,  and  partly,  also,  on  account  of  the  highly-diversified  character 
of  the  finished  products. 

The  Bessemer-works  were  the  first  to  feel  the  influence  of  the 
basic  process;  but  of  recent  years  a  similar  influence  has  affected  the 
open- hearth,  and  the  owners  of  works  possessing  both  a  converter- 
and  an  open-hearth  plant  are  now  seeking  to  arrange  them  for 
combined  working,  in  charging  as  well  as  in  casting.  In  small  works 
the  basic-lined  reverberatory  furnace  is  constantly  gaining  ground 
over  the  old  puddling-furnace.     The  small  basic  converter,  on  the 
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other  hand,  has  been  erected  at  ouly  a  few  places  and  is  in  actual 
operation  at  fewer  still. 

Opinions  have  long  differed  with  regard  to  the  best  number  and  most 
suitable  arrangement  of  basic  converters  for  a  given  daily  production. 
These  varying  views  are  partially  explained  by  the  rapidly  improv- 
ing efficiency  of  basic  practice:  the  number  of  heats  per  day  and  the 
durability  of  the  lining  were,  in  the  early  days  of  the  process,  far 
inferior  to  the  corresponding  results  of  acid  practice;  and  the 
improvements  which  experience  has  gradually  developed  are  such 
as  could  scarcely  have  been  anticipated. 

The  system  of  removing  and  replacing  the  entire  vessel  has  been 
adopted  in  isolated  cases  only.  As  soon  as  the  fact  seemed  fairly 
well  established  that  three  10-  to  12-ton  basic  vessels  would  suffice 
for  a  daily  production  of  400  to  500  metric  tons,*  the  circular  arrange- 
ment of  the  vessels  around  a  stationary,  revolving  ladle-crane  was 
recognized  as  simplest  in  general  plan,  and  was  carried  out  in  a  num- 
ber of  works.  Wherever  this  crane  handles  the  charging-ladle,  and 
also  has  to  carry  the  steel-ladle  while  the  metal  is  being  poured  from 
the  converter,  separate  provision  must  be  made  for  handling  the 
steel-ladle  during  the  cast.  This  may  be  done,  either  by  a  second 
stationary  crane,  or  by  a  ladle-car  which  runs  over  a  long  casting- 
jiit.  The  latter  plan  promotes  to  best  advantage  the  separation  of 
the  converter-house  from  the  casting-house,  and  commends  itself 
particularly  for  a  combined  open-hearth-  and  converter- practice. 

Fig.  1  shows  the  general  arrangement  of  a  plant  embodying  these 
ideas.  The  four  vessels,  (7,  are  set  in  line ;  adjoining  tiiem  are  the 
casting-pit,  G,  and  the  ingot-cranes,  B,  and  beyond  these,  in  the 
same  direction,  the  open-hearth  furnaces,  li.  The  ladle  of  direct- 
metal  is  brought  by  track  Xo.  1  on  the  general  floor-level  to  the 
hydraulic  lift,  K.  There  it  is  raised  to  the  charging-level  of  the 
converters.  The  track  at  this  level  may  be  laid  either  on  the  crane- 
or  the  chimney-side  of  the  vessels.  In  the  former  position  the 
supports  of  the  track  j)artially  intercept  the  view  of  the  vessel's 
mouth  from  the  pulpit  during  the  operation  of  pouring;  in  the  latter 
j)Osition  long  runners  for  the  pig-metal  are  unavoidable. 

As,  however,  the  advantage  of  emptying  the  charging-ladle  by 
tapping,  rather  than  by  tipping,  has  come  to  be  recognized,  another, 
even  more  favorable  arrangement  would  consist  in  providing 
each    pair    of    converters    with    a    hydraulic    lift,    j)laced    between 

*  A  metric  ton  has  2204.6  pounds,  and  equals  0.984  long  ton. 
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Fio.  1. 


General  Plan  of  a  Combined  Converter  and  Open-Hearth  Works, 
Designed  by  R.  M.  Daelen. 
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them.  This  arrangement  exists  in  several  works  outside  of  Ger- 
many. It  permits  the  use  of  short  runners  (which  would  have  to 
be  provided  for  tapping  in  any  case)  and  does  away  with  the  upper 
charging-track  altogether.  Track  Xo.  1,  on  the  general  level, 
then  serves  with  the  necessary  switches  for  the  movement  of  both 
the  pig-  and  the  steel-ladles. 

The  design  of  the  steel-ladle  car  has  usually  been  determined  by 
local  conditions.  A  locomotive-craue(Figs.  2  to  5)  is  the  customary 
type;  the  boiler,  engine  and  pump  are  all  mounted  on  the  car,  and 
the  ladle  is  arranged  to  be  swuno;  and  also  lifted.  A  somewhat 
simpler,  and  on  this  account  preferable,  form  of  car  is  illustrated  in 
Figs.  6  to  10.  It  dispenses  with  the  vertical  movement  of  the  ladle, 
which  experience  has  shown  to  be  superfluous ;  and,  instead  of  being 
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Front-Elevation  of  12-Ton  Locomotive  Ladle-Crane. — Locomotive-End. 


propelled  by  steam,  it  is  moved  by  means  of  a  hand-gear,  u,  or 
by  an  independent  locomotive  (which  runs  on  the  adjoining  track 
No.  2,  shown  in  the  general  plan,  Fig.  1).  The  car  is  of  wrought- 
iron.  The  ladle  can  be  tipped,  as  shown  at  n,  and  swung  in  the 
arc  o,  to  serve  two  lines  of  moulds.  During  the  casting  the  car  is 
always  moved  in  the  direction  m,  so  as  to  clear  the  filled  ingot- 
moulds.  Care  is  taken  to  bring  the  tops  of  all  the  moulds  to  tiie 
same  level. 
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A  hydraulic  cylinder  is  placed  in  the  pit,  out  of  the  way  of  the 
moulds,  and  is  fitted  with  a  hooked  plug  which  is  used  to  force 
inward  any  obstruction  that  may  form  in  the  tapping-hole  of  the 
ladle. 

Track  No.  3  (Fig.  1)  is  used  to  convey  the  slag-cars  from  beneath 
the  converters  to  the  slag-grinding  mill.  Refractory  materials  are 
brought  to  the  vessels  over  track  No.  4,  located  on  the  first  platform 
(Figs.  12  and  13).  Lime  and  fuel  are  supplied  by  track  No.  5  in 
the  roof-truss.  Both  tracks,  Nos.  4  and  5,  are  served  by  a  hydraulic 
hoist,  A  (Fig.  12).  The  same  service  might  be  more  cheaply  per- 
formed by  a  wire-rope  tramway,  the  first  cost  of  which  is  certainly 

Fig.  5. 


Front-Elevation  of  12-Ton  Locomotive  Ladle-Crane. — Crane-End. 


less  than  that  of  the  track  and  hoist,  while  it  offers  the  decided  ad- 
vantage of  an  automatic  lime-  and  coke-supply  to  the  converters. 

For  a  plant  embodying  the  above-described  general  features,  a 
building  of  moderate  height  will  answer.  The  roof  can  be  set  so 
low  that  the  greater  part  of  the  converter-flame  will  be  carried  off 
on  the  outside,  reducing  interior  smoke  and  heat  to  a  minimum. 
This  makes  it  practicable  and  advantageous  to  adopt  the  same  form 
of  roof  for  the  converter-  and  the  casting-house. 

In  the  construction  of  the  converter  itself  the  use  of  a  middle 
ring  and  journal,  made  in  a  single  piece,  has  been  quite  generally 

VOL.  XIX. — 3-1 
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abandoned;  for  when  this  piece  is  made  of  cast-iron,  even  though  it 

Fig.  6. 


Elevation  and  Vertical  Half-Section  of  12-Ton  Casting-Ladle  and  Car, 
Designed  by  R.  M.  Daelen. 

be  very  heavy,  it  is  not  perfectly  safe,  and  when  made  of  wrought- 
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iron  it  is  very  costly.     The  ring  is  now  commonly  constructed  of 
heavy  plate,  to  which  cast-steel  journals  are  screwed. 


w 


Tar-dolomite  bricks,  moulded  in  a  hydraulic  press,  have  proved 
an  excellent  material  for  the  basic  lining.     Walling-up  with  them 
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occupies  much  less  time  than  ramming,  while  their  durability  is  not 
inferior.  Mechanical  appliances  have  also  been  successfully  em- 
ployed in  making  the  bottoms. 
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The  utilization  of  converter-slag  as  a  fertilizer  is  an  important 
business  for  every  basic  works.  The  substitution  of  a  ball-pulver- 
izer for  the  Chili-mill  marks  a  decifled  improvement.  The  new 
machine  costs  less  and  consumes  less  power,  besides  easily  allowing 
a  far  more  thorough  removal  of  the  dust  which  works  through  the 
casing. 

The  cause  of  the  great  progress  which  has  been  made  in  increasing 
the  output  of  the  basic  converter  lies  first  and  foremost  in  the  grad- 
ually reduced  period  of  the  blow.  The  former  duration  of  twenty 
minutes  for  10-ton  converters  has  been  brought  down  to  twelve 
minutes.  The  excess  of  blast  over  the  theoretical  requirement,  for- 
merly amounting  to  150  per  cent.,  is  now  only  about  30  per  cent. 
Great  improvement  of  design  is  noticeable  in  the  air-compressors, 
the  effect  of  which  has  been  to  reduce  the  lost  space  at  one  end  of 
a  single  air-cylinder  from  5  per  cent,  to  2  per  cent. 

Communication  between  the  converter-plant  and  the  open-hearth 
plant  is  established  by  the  side-tracks  Nos.  2  and  6  (Fig.  1).  Over 
these  the  ladle  of  partially-blown  metal  {i.e.,  metal  taken  from  the 
converter  before  the  completion  of  the  after-blow)  is  brought  to  the 
lift,  Ko,  by  means  of  which  it  is  raised  to  track  No.  7,  on  the  charg- 
ing-floor,  where  it  is  tapped  through  a  short  runner  into  one  of  the 
open-hearths. 

The  requirements  of  the  basic  lining  have  led  to  material  im- 
provements of  the  Siemens  regenerative  furnace.  Hearth,  flues  and 
regenerators  are  now  made  independent,  in  order  to  secure  the 
greatest  possible  accessibility  for  rapid  repairs.*  These  changes  have 
made  it  practicable  to  enlarge  the  regenerators  and  design  them  in 
a  more  rational  form.  As  a  result,  higher  temperatures  have  been 
obtained  with  exceedingly  economical  fuel-consumption,  and  the 
duration  of  each  heat  has  been  reduced  with  a  corresponding  in- 
crease in  daily  output.  Six  12-ton  charges,  each  consisting  of  8 
tons  of  pig  and  4  tons  of  scrap,  are  now  run  in  twenty-four  hours, 
with  a  fuel-consumption  of  300  kgs.  of  coal  per  metric  ton  of  ingot- 
iron  of  the  softest  quality. 

In  the  instance  here  illustrated,  the  casting-house  is  common  to 
both  converter-  and  open-hearth  plant,  and  forms  the  connecting 
link  for  both  with  the  soaking-pits,  A,  the  blooming-mill,  W,  and 
the  finishing-mill,  F.     Soaking  is  carried  on  upon  a  large  scale,  es- 

*  See,  for  example,  Some  Recent  Improvements  in  Open-Hearth  Steel  Practice,  by 
A.  E.  Hunt,  Transactions,  xvi.,  pp.  704  to  707  ;  or,  the  patents  of  the  Batho  Com- 
pany, of  London,  England. 
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pecially  in  plain,  unfired  pits.  The  adoption  of  this  system  is  con- 
tinually extending.  It  is  particularly  adapted  to  the  working  of  the 
blooming-mill,  because  it  permits  the  use  of  very  heavy  ingots  of 
uniform  size,  and  thus  simplifies  the  work  of  the  casting-depart- 
ment. Moreover,  since  the  further  reduction  of  the  blooms  without 
wash-heating  to  yl-g-  or  yl-g-  of  the  original  cross-section  has  proved 
to  be  practicable,  the  soaking-pits  effect  important  savings  in  that 
direction  also,  and  it  is,  therefore,  to  be  expected  that  they  will 
come  into  general  use  in  preparing  or  heating  blooms  and  billets  for 
various  finishing-rolls.*  The  latest  improved  practice  in  this  direc- 
tion is  reported  from  the  Phcenix  Steel  Works,  near  Ruhrort,  where 
ingots,  taken  from  the  soaking-pit  are  now  rolled  out  to  rails  with 
a  wash-heat  of  only  a  few  minutes'  duration.  Three-fourths  of  the 
heating-furnaces  formerly  used  are  now  reported  to  be  idle. 

The  plain  pits  require  for  their  successful  operation  a  regu- 
lar running  of  the  steel-works  with  a  large  output.  To  main- 
tain these  conditions,  not  only  a  close  and  careful  control  of 
the  various  processes  is  necessary — which  is  in  itself  an  advantage 
to  any  establishment — but  the  construction,  arrangement  and  pro- 
portioning of  all  departments  must  be  exactly  adapted  to  the  needs 
of  continuous  running.  Since  this  is  seldom  the  case  in  existing 
works,  which  have  been  more  or  less  remodelled  in  single  depart- 
ments and  retain  many  antiquated  features,  the  introduction  of  soak- 
ing-pits may  be  delayed  in  these  until  complete  reconstruction  has 
become  imperative.  The  following  figures  show  the  rapidly  extend- 
ing use  of  soaking-pits  in  Europe: 


o  •     .  •                                1887. 
Countries.                    Long  tons. 

1888. 
Long  tons. 

1889. 
Long  tons. 

Great  Britain 237,546 

Germany 153,454 

Austria 90,000     . 

257,335 
227,020 
95,000 
67,377 
22,558 
4,578 
38,660 

320,358 

397,649 

120,000 

71,858 

20,724 

7,624 

Belgium 68,162 

1"  ranee  _ 8,223 

Sweden 4,348 

United  States             .    .  .       

Total 561,733 

712,528 

938,213 

According  to  this  table  the  increase  in  the  treatment  of  steel  by 
the  soaking-pit  process  in  1888  over  1887  was  26.8   per  cent,  and 

*  In   rolling  rails   from    15  by  15-incIi  ingots,  the  cross-section   is  reduced  to 
about  Tf'j. 
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in  1889  over  1888,  31.6  per  cent.  The  comparison  of  1889  with 
1887  shows  a  gain  of  67  per  cent.  The  indications  for  the  current 
year  are  that  the  tonnage  of  ingots  passed  through  the  Gjers  soaking- 
pits  will  be  considerably  in  excess  of  1,000,000  long  tons. 

The  number  of  the  plain,  unfired  pits  of  a  Bessemer  steel-works 
is  so  adjusted  that  ingots  of  1000  to  1500  kg.  may  remain  in  them, 
if  necessary,  as  long  as  40  minutes.  The  loss  of  metal  by  oxidation 
during  soaking  and  rolling,  taken  together,  amounts  to  1  per  cent. 
The  fired  pits  are  provided  with  gas-ftring  and  regenerators,  or  with 
grates  and  air-heating.  Their  consumption  of  coal  is  2|  to  3|  per 
cent.,  and  the  loss  by  oxidation  H  to  2  per  cent.  ;  while  a  heating- 
furnace  consumes  5  to  6  per  cent,  of  coal  and  causes  2 J  to  3  per  cent, 
of  loss  by  oxidation.  At  the  same  time,  the  service  and  the  main- 
tenance of  the  pits  are  less  expensive.  They  are  served  by  the 
cranes,  N,  Fig.  1,  all  the  motions  of  which  are  controlled  by  hydraulic 
pressure.  Of  these  hydraulic  cranes,  which  have  many  advantages 
over  the  simple  lever-cranes,  there  are  various  designs  in  use. 

The  blooming-trains  are  mostly  of  the  two-high  type,  driven 
by  reversing-engines.  The  diameter  of  the  rolls  has  increased  from 
900  to  1100  mm.;  those  of  the  last-named  size  being  capable  ot 
reducing  the  ingot-diameter  ^  at  each  pass,  when  the  driving- 
machinery  is  adequately  heavy.  For  this  work  the  engine,  using  75 
lbs.  steam-pressure,  has  a  cylinder-diameter  of  1300  mm.;  stroke, 
1500  mm. ;  and  a  reduction  by  gearing  of  1  :  2^  or  1 :  3,  so  that  the 
number  of  revolutions  per  minute  is  120  to  130. 

The  feed-rollers  for  moving  the  ingot  before  and  behind  the 
blooming-rolls  demand  special  care  in  construction,  because  they  are 
subject  to  breakage  of  their  motive  parts,  due  chiefly  to  the  frequent 
and  sudden  reversals  of  motion  to  which  they  are  subjected.  It  is 
therefore  advantageous  to  operate  these  feed-rollers  by  belt-trans- 
mission, as  this  gives  a  lower  initial  velocity  at  every  reversal  than 
does  a  directly-applied  reversing-engine. 

Of  the  reversing-engines,  R,  Fig.  1,  wdiich  drive  the  rolls,  various 
designs  are  in  use.  That  which  combines  a  vertical  and  horizontal 
cylinder  has  the  advantage  of  conveying  all  the  power  through  a 
single  straight  shaft;*  but  engines  with  three  horizontal  cylinders 
have  lately  been  adopted  in  many  quarters,  because  calculations 
show  that  they  can  be  run  with  a  higher  degree  of  steam-expansion 
in  the  cylinders. 

*  For  an  illustrated  description  of  this  type  see  Stuhl  und  Eisen,  vol.  viii.,  March, 
1S88,  p.  180. 
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Blooming-mills  are  employed  chiefly  in  the  production  of  blooms 
for  rails,  shapes  and  billets.  For  the  plate-mills  it  is  more  custom- 
ary to  use  bottom-cast  ingots  from  narrow  plate-moulds. 

The  bloom-shears,  aS',  Fig.  1,  are  represented  by  many  diflPerent 
designs,  and  are  provided  with  horizontally-  or  vertically-acting 
blades,  according  to  the  needs  of  their  special  work.  Most  of 
them  are  operated  with  hydraulic  pressure  (up  to  500  atmospheres), 
which  is  furnished,  for  the  sake  of  simplicity,  by  a  steam-intensifier 
close  by  the  shears.  This  consists  of  a  large  vertical  steam-cylinder 
with  single-acting  piston,  on  which  the  steam  presses  from  below, 
the  upward  prolongation  of  the  piston-rod  constituting  a  water- 
plunger  in  a  much  smaller  hydraulic  cylinder,  where  the  pressure  is, 
of  course,  in  the  inverse  ratio  of  the  two  piston-areas.  The  high 
water-pressure  works  upon  the  pressure-plunger  of  the  shears,  and, 
after  the  cut  is  ended,  the  water  returns  into  the  smaller  cylinder. 
Each  stroke  of  the  intensifier  is  produced  by  a  motion  of  the 
operator,  as  would  be  that  of  a  steam-hammer.  After  many  exper- 
iments, this  construction  was  at  last  made  practicable  by  regulating 
the  speed  of  the  steam-piston  by  means  of  the  out-flow  of  water  to 
the  hydraulic  cylinder.  A  variety  of  valves  has  been  designed  to 
carry  out  this  principle.  A  considerably  higher  number  of  strokes, 
ranging  up  to  twenty-five  per  minute,  has  been  attained  than  is 
practicable  with  shears  driven  by  rotary  motion.  As  the  beginning 
of  the  cut  is  determined  by  the  operator,  the  danger  of  waste  by 
cutting  too  short  is  avoided. 

It  may  be  remarked,  in  passing,  that  this  system  is  much  used  for 
hydraulic  presses  and  lifts  in  metallurgical  works,  because  it  dis- 
penses with  the  accumulators,  long  conducting-pipes  and  valves 
under  heavy  hydraulic  pressure,  which  are  so  difficult  and  costly  to 
maintain  when  hydraulic  power  is  derived  from  steam-pumps  in 
the  old-fashioned  way. 

For  the  further  reduction  of  the  blooms  to  rails,  ties  and  shapes, 
three-high  rolls  are  very  generally  used.  The  diameter  of  the  rolls 
ranges  up  to  800  mm.,  which  is  sufficient  for  the  rolling  of  ingot- 
iron  I-beams  400  mm.  high  and  16  meters  long. 

In  these  operations  the  most  approved  form  is  the  three-high  mill 
with  fixed  middle  roll,  and  upper  and  lower  rolls  adjusted  both  hori- 
zontally and  vertically.  Tiie  upper  and  lower  pressure-screws  receive 
each  a  cogged -gearing,  by  means  of  wliicli  they  can  be  operated  by 
a  workman  standing  on  the  floor  at  the  side  of  the  housings.  Such 
a  three-high  train  requires  but  three  sets  of  rolls,  while  a  reversing 
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tvvo-higli  tniin  must  have  five  sets  in  order  to  roll,  from  blooms, 
I-bearas  up  to  400  ram.  in  height.  In  view  of  the  large  product  of 
300  to  400  metric  tons  per  day,  the  larger  number  of  workmen 
required  for  the  three-high  mill  is  less  important  than  the  greater 
consumption  of  steam  for  running  the  two-high.  The  movement 
of  the  pieces  to  be  rolled  takes  place  wholly  upon  hand-levers,  which 
are  connected  with  a  steam-lift,  so  that  the  trains  of  feed-rollers  before 
and  behind  the  mill,  which  are  so  expensive  to  install  and  to  main- 
tain, are  dispensed  with.  It  is,  therefore,  easy  to  understand  that 
the  three-high  forni^  decidedly  preferred  for  rolling-mills,  and  that 
the  two-high  is  resorted  to  only  when  the  dimensions  of  the  product 
require  it. 

In  the  manufacture  of  plates,  the  three-high  mill,  with  loose 
middle-roll  (Lauth's  system),  is  largely  used,  especially  in  prelimi- 
nary rolling  for  the  sheet-mills.  For  the  production  of  heavy  plate 
(boiler-plate,  etc.),  the  following  dimensions  are  employed  in  one 
establishment:  diameter  of  rolls,  900  mm.;  length,  3400  mm.  The 
reversing-rolls  for  armor-plate,  however,  run  as  high  as  1200  mm. 
in  diameter  and  4000  mm.  in  lei^gth.  In  one  establishment,  such 
rolls  are  made  of  forged  cast-steel.  The  three-high  train  with  loose 
middle-roll  has  also  been  successfully  used  for  universal  mills ;  in 
which  case,  however,  the  vertical  rolls  come  into  play  during  the 
pass  in  one  direction  only. 

I  would  add,  in  conclusion,  that  several  German  manufacturers 
of  machinery  have  furnished,  at  ray  request,  drawings  and  photo- 
graphs of  their  improved  designs,  and  that  I  shall  be  happy  to  give 
to  those  who  may  feel  an  interest  in  the  matter  more  detailed  expla- 
nations than  have  been  possible  in  this  brief  review. 

Discussion, 

H.  M.  Howe,  Boston,  Mass. :  I  would  ask  Mr.  Daelen  to  inform 
us  of  the  loss  by  oxidation  in  the  open-hearth  furnace  in  making 
basic  charges  of  equal  parts  of  scrap  and  pig.  I  would  also  ask, 
what  is  the  real  advantage  of  the  plain  soal<ing-pit?  I  think  that 
most  Americans  have  been  puzzled  to  discover  the  advantage  of  the 
plain  pit  over  the  fired  pit.  We  generally  use  fired  pits  in  this 
country.  Of  course,  when  the  ingots  are  coming  so  hot,  and  the  pits 
themselves  are  so  hot  that  firing  is  unnecessary,  no  gas  need  be 
burned,  and  almo.st  no  gas  is  burned,  for  the  air  is  shut  off  and  the 
condition  of  the  plain  Gjers  pit  is  practically  realized.     In  fact,  I 
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think  oui'  loSvS  by  oxidation  in  the  American  gas-fired  pit  is  no 
higher  than  in  the  Gjers  pit. 

What,  then,  is  the  advantage  of  the  plain  pit  over  the  fired  pit 
other  than  a  slight  saving  in  the  first  cost  of  construction?  If  that 
is  the  only  advantage,  many  of  us  would  think  it  an  insufficient  one. 
The  gas-tired  pit  need  under  no  circumstances  be  too  cold,  whereas, 
it  will  often  happen  that  the  unfired  pit  is  too  cold  on  a  Monday 
morning,  especially  in  our  extremely  severe  winter  weather.  With 
a  fired  pit,  gas  is  turned  on  only  at  such  times  and  in  such  quantity 
as  it  may  be  required;  when  the  pit  has  come  up  to  a  proper  heat 
the  gas  can  be  shut  off,  and  then  the  exact  condition  of  the  untired 
Gjers  pit  is  obtained.  That  being  the  case,  I  think  that  the  reasons 
for  advocating  the  use  of  the  Gjers  pit  have  been  rather  obscure  to 
most  of  us,  and  I  would  be  glad  to  hear  the  explanation. 

R.  M.  Daelen,  Dusseldorf,  Germany :  There  is  no  question  in 
my  mind  but  that  the  advantages  are  on  the  side  of  the  unfired 
pits.  They  effect  a  saving  in  coal,  of  which  the  fired  pits  consume 
up  to  three  per  cent,  in  weight  of  the  ingots.  Moreover,  they 
diminish  the  waste  by  oxidation ;  in  the  fired  pits  there  is  always 
some  excess  of  air,  because  the  chimney-draft  cannot  be  so  accurately 
controlled  as  to  avoid  it.  We  invariably  find  the  waste  greater  in 
the  fired  pits.  As  for  the  trouble  which  Mr.  Howe  fears  from  cold 
pits,  we  experience  none  of  it  where  the  tonnage-output  is  suffi- 
ciently large  to  keep  the  unfired  pits  warm.  If,  as  occasionally 
happens,  the  pits  are  idle  for  two  or  three  days,  then  the  first  new 
charge  of  ingots  cannot,  perhaps,  be  rolled  directly  from  the  soak- 
ing-heat,  but  the  second  charge  causes  no  trouble.  In  no  case 
should  we  employ  fired  pits  where  the  output  of  a  steel-works  is 
sufficiently  large  to  ensure  warm  brickwork  in  the  plain  pits. 

W.  F.  DuRFEE,  Birdsboro,  Pa.:  The  portion  of  this  very  able 
paper  that  is  particularly  interesting  to  me,  relates  to  this  very  mat- 
ter of  soaking-pits.  It  is  well  known  to  the  profession  that  for 
several  years  I  have  l^een  endeavoring  to  introduce  the  Gjers  pit 
into  American  works,  and  that  almost  wherever  it  has  been  tried  it 
has  been  pronounced  a  failure.  One  conspicuous  cause  to  which  in 
part  I  attribute  this  result,  lies  in  the  attempt  made  at  two  or  three 
of  the  works  to  run  .soaking-pits  and  heating-furnaces  at  the  same 
time;  it  has  frequently  happened  that  cold  ingots,  picked  up  in  the 
yard  or  from  stock,  have  been  put  into  the  furnaces,  and  whenever 
these  have  been  ready  to  "come  on,"  the  furnace-ingots  have  hail 
the  preference   over   those  in  the  pits;  thus,  the  latter  have  been 
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allowed  to  get  too  colil,  and,  as  a  consequence,  there  has  been  a  slow 
service  of  the  pits,  with  a  corresponding  falling  off  in  tonnage,  and, 
incidentally,  some  breakages  of  rolls. 

Strange  figures  have  been  shown  me  by  parties  who  have  tried  to 
use  the  soaking-pits.  In  one  case  all  of  the  expenses  of  the  two 
-ystems  of  heating  were  pooled,  and  the  sum  was  pro-rated  be- 
tween the  pits  and  furnaces  on  the  basis  of  the  actual  tonnage  pas^sing 
through  each.  The  peo})le  who  figured  in  that  way  very  naturally 
failed  to  see  any  pecuniary  advantage  in  one  system  .over  the  other. 
Up.  to  the  present  time  there  has  been  a  lamentable  w'ant  of  per- 
sistent effort  in  the  United  States  to  make  the  soaking-pits  a  success. 
Nevertheless,  I  adhere  as  firmly  as  ever  to  the  belief  that  they  are 
destined  to  be  an  imjwrtant  adjunct  of  all  steel-works,  and  that 
American  engineers  will  in  time  admit  their  obligation  to  Mr.  Gjcrs. 

One  of  the  great  advantages  of  the  pits  is  the  absence  of  oxida- 
tion, whereas,  when  an  ingot  is  heated  in  the  ordinary  furnace,  oxi- 
dation commences  almost  immediately,  and  in  the  majority  of  cases 
develops  to  a  very  wasteful  degree.  Another  important  considera- 
tion is  that  the  ingot,  as  taken  from  the  Bessemer  casting-pit,  is 
kei)t  vertical  all  the  time,  and  any  bubbles  of  gas  in  it  naturally 
rise  to  the  top  ;  whereas,  if  the  ingot,  as  taken  from  the  Bessemer 
casting-pit,  is  put  horizontally  into  an  ordinary  furnace,  those  bubbles 
diffuse  themselves  along  its  upper  side,  and  the  rail  or  bloom  rolled 
from  it  is  more  or  less  imperfect  throughout  its  length. 

S.  T.  Wellman,  Thurlow,  Pa. :  I  would  inquire  of  Mr.  Daelen 
whether  trouble  was  experienced  in  Germany  from  cold  tops,  and  if 
so,  how^  it  was  overcome?  As  I  understand  it,  that  has  been  the 
trouble  in  this  country  from  the  use  of  soaking-pits.  It  has  been 
difficult  to  get  a  uniform  heat  on  the  whole  ingot — the  lower  end 
would  be  too  hot,  or  j)erhaps  of  the  right  temperature,  while  the  top 
would  be  too  cold. 

R.  M.  Daelen,  Dusseldorf,  Germany:  We  met  with  trouble 
of  this  kind  when  soaking-pits  were  first  tried  experimentally.  Only 
four  pits  used  to  be  put  down  in  a  group  then,  and  the  troubles  to 
which  they  always  gave  rise  retarded  the  adoption  of  the  soaking- 
])rocess.  But,  as  I  have  already  said,  when  the  number  of  pits  is 
large,  and  the  output  sufficient  to  keep  them  very  hot,  all  difficulties 
vanish.  The  early  trouble  with  cold  tops  was  due  to  shallow  pits  ; 
uow  that  the  pits  are  built  very  deep,  the  heat  of  the  ingot  is  quite 
uniform,  on  top  as  well  as  all  through.  The  only  case  in  which  we 
should  build  fired  pits  to-day  is  where  the  output  is  not  large  enough 
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to  keep  the  plaiu  pits  hot.  In  every  other  case  the  advantage  lies 
with  the  phiin  pits;  they  effect  a  saving  of  fuel  and  labor,  decrease 
the  loss  by  oxidation,  and  reduce  the  cost  of  maintenance. 

H.  M.  Howe,  Boston,  Mass. :  I  do  not  understand  Mr.  Daelen's 
statement  that  a  gas-fired  pit  cannot  be  closed  practically  tight.  I 
fail  to  see  why  the  covers  cannot  be  as  tight  on  the  fired  pit  as  on  the 
unfired  pit.  It  may  not  be  possible  to  shut  the  air  admission-valves 
perfectly  tight,  but  they  should  certainly  close  so  tight  that  the 
amount  of  air  which  leaks  through  them  should  be  trifling,  and  that 
the  quantity  of  gas  needed  to  take  up  that  air  and  maintain  a  non- 
oxidizing  atmosphere  should  be  insignificant  in  point  of  cost.  Then 
you  have  at  your  command  in  a  fired  pit  an  extra  source  of  heat 
when  you  want  heat,  and  when  you  do  not  want  it,  you  do  not  use 
it.  I  think  that  in  our  country  the  loss  by  oxidation  does  not  exceed 
1  per  cent.,  with  the  vertical  gas-fired  pits  of  our  later  mills. 

R.  M.  Daelen,  Dusseldorf,  Germany :  If  the  loss  by  oxidation 
is  only  1  per  cent.,  it  is  no  greater  than  our  loss  in  plain  pits  in  Ger- 
many. But  our  experience  in  working  the  fired  pits  has  always 
given  more  loss  than  that,  as  I  have  said  in  ray  paper.  I  believe 
that  it  is  rather  difficult  to  shut  off  the  valves  so  tight  that  there  is 
not  at  least  a  slight  draft  through  the  chimney.  Mr.  Howe  has  also 
told  us  elsewhere*  that  records  taken  directly  by  him  show  a  loss  of 
1.5  per  cent.  In  this  case,  as  well  as  in  those  on  which  I  have  based 
my  statement  that  the  loss  in  the  unfired  pit  did  not  exceed  1  per 
cent.,  the  loss  by  oxidation  during  the  rolling  of  the  ingot  is  in- 
cluded. The  latter  amounts  to  about  0.5  per  cent.,  leaving  a  net 
loss  of  0.5  per  cent,  for  the  unfired  pit,  and  of  1  per  cent,  for  the 
fired  pit,  or  just  twice  as  much. 

R.  W.  Hunt,  Chicago,  111. :  I  am  sure  that  the  Institute  and  the 
metallurgical  world  are  greatly  indebted  to  Mr.  Daelen  for  the 
thorough  and  concise  presentation  of  German  practice  in  his  able 
paper.  In  this  country  I  would  state  that  there  have  been  several,  I 
may  say  persistent,  certainly  expensive,  efforts  to  introduce  the  non- 
fired  soaking-pits.  The  Edgar  Thom.son  works,  under  the  adminis- 
tration of  the  late  Captain  Jones,  spent  $35,000  or  $40,000  in  plant 
alone,  to  my  nothing  of  what  the  experiment  may  have  cost  in  prac- 
tice; but  their  troubles  from  cold  tops  and  unequal  working  were  so 
great  that  the  plant  was  dismantled.  Again,  the  Joliet  Steel  Com- 
pany before  becoming  a  part  of,  or  perhaps  since  their  consolidation 

*  Notes  on  the  Bessemer  Process  in  tlie  Proceedings  of  tlie  Iron  and  Steel  Institute- 
reprinted  in  tliis  volume  of  the  Trar.sactions. 


IMPROVEMENTS   IN  iSTEEL-WORKS   AND    ROLLING-MILLS.       511 

as  a  part  of,  the  Illinois  Steel  Company,  made  a  very  extensive  and 
persistent  effort  in  the  same  direction,  which  was  also  a  failure,  or  at 
least  it  was  abandoned.  The  only  case  where  the  pits  seemed  to 
work  successfully,  as  far  as  I  know,  was  at  their  first  introduction  in 
this  country  at  the  works  of  the  Scranton  Steel  Company  under  the 
management  of  President  W.  W.  Scranton.  He  at  first  pronounced 
them  a  great  success,  and  yet  afterwards  for  reasons  of  his  own, 
abandoned  them.  I  think  that  I  can  explain  why  the  Edgar  Thom- 
son and  the  Joliet  attempts  were  failures,  and  the  failing  casts  no 
stigma  upon  Mr.  Gjers's  plan.  German  practice  as  described  and 
illustrated  in  Mr.  Daelen's  paper,  requires  that  the  soaking-pit  should 
be  close  to  the  ingot-pit.  In  both  the  cases  to  which  I  refer,  the 
ingots  had  to  be  transported  several  hundred  yards.  As  a  result 
they  were  naturally  and  by  force,  chilled  before  entering  the  pits.  In 
the  Scranton  works  the  soaking-pits  were  placed  within  a  few  feet 
of  the  casting-pit ;  and  they  came  nearer  to  successful  working,  as  I 
have  stated.  I  believe  Mr.  Scranton's  reason  for  giving  them  up 
was  his  inability  to  control  the  working  of  his  pits.  In  other  words, 
he  said  that  he  had  demonstrated  the  possibility  of  making  a  piece 
of  steel  burn  itself  That  by  too  fast  working  he  would  get  the 
ingots  from  the  pits  in  such  a  condition  that  they  would  go  to  pieces 
on  the  blooming-table ;  just  as  would  have  been  the  case  had  the 
steel  been  overheated  in  a  fired  furnace. 

Behind  every  American  Bessemer  manager  there  is  an  urging, 
goading  something  which  a  horseman  would  picture  by  a  pair  of 
great  big  spurs;  he  must  get  out  so  many  tons  of  steel,  and  when 
he  accomplishes  that,  the  puissant  "powers  that  be"  still  ask  for 
more.  A  proposition  to  introduce  a  machine  of  any  kind  that 
threatens  to  control  the  product  will  not  be  entertained  for  a  moment 
by  the  higher  authorities.  Therefore  the  manager  must  have  a  fur- 
nace which  he  can  absolutely  control.  He  cannot  start  up  on  Mon- 
day morning  and  waste  two  or  three  rounds  of  steel,  or  precious 
minutes,  in  bringing  up  the  heat  of  his  pits.  He  should  have  sev- 
eral tons  of  finished  product  by  that  time.  I  believe  this  is  the  rea- 
son why  the  Gjers  pit  lias  not  taken  the  position  here  that  it  has 
abroad.  At  the  same  time  it  is  claimed  by  our  engineers,  as 
Mr.  Howe  has  stated,  that  they  obtain  as  good  results  from  our  fi red- 
pits  of  newer  design.  The  latest  ones  built  in  this  country  are  at 
the  South  Chicago  Works  of  the  Illinois  Steel  Company.  Our  pits 
were  extravagant  with  fuel  in  their  early  history,  but  as  they  are 
now  constructed  it  is  stated  that  the  loss  is  brought  down  to  and 
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maintained  persistently  at  1  per  cent.,  hot  ingots  being  used.  Of 
course  cold  ingots  require  longer  time  in  the  pits  and  use  more  gas, 
and  the  loss  naturally  increases. 

Another  subject  I  would  refer  to  is  INIr.  Daelen's  statement  that  in 
Germany  the  two-high  blooming-mills  require  less  labor  than  the 
three-high.  It  is  quite  the  reverse  in  the  United  States — our  best 
three-high  mills  require  practically  no  labor  beyond  that  of  the 
lever-man,  who  controls  the  table-rollers.  The  ingots  are  not  turned 
over  by  hand  ;  we  depend  u|)on  the  Fritz  device,  which  our  young 
men  about  the  mills  call  the  "go-devil,"  to  turn  the  ingot  and  move 
it  back  and  forth.  Labor  and  economy,  in  our  experience,  are  de- 
cidedly in  favor  of  the  three-high  mill;  production,  also,  is  very 
much  in  its  favor.  I  am  referring  now  to  the  rolling  of  rail-blooms  ; 
and  as  for  the  rolling  of  billets  in  a  three-high  mill,  I  may  cite  the 
practice  at  Joliet,  111.,  where  four-inch  blooms  are  rolled  in  a  three- 
high  combined  blooming-  and  rail-mill — billets,  in  other  words, 
taking  the  place  of  rails  as  a  product — and  their  output  of  four-inch 
billets  is  almost  equal  to  that  of  rails;  that  certainly  is  beyond  pre- 
cedent, at  least  so  far  as  I  am  informed. 

J.  F.  HoLLOWAY,  New  York  City :  I  would  like  to  ask  Mr. 
Hunt  if  Captain  Jones,  at  the  Edgar  Thomson  Works,  did  not  under- 
take to  supplement  the  lack  of  heat  by  the  use  of  natural  gas  in  his 
soa  king-pits? 

R.  W.  Hunt,  Chicago,  111. :  Yes;  he  did  ;  but  we  must  remem- 
ber that  his  pits  were  not  made  for  gas-burning.  He  introduced 
natural  gas  for  the  purpose  of  bringing  up  the  heat  of  his  cold- 
topped  ingots  and  of  those  which  were  too  cold  all  through.  He 
never  succeeded  in  making  the  pits  work.  I  do  not  know  exactly 
why. 

W.  F.  DuRFEE,  Birdsboro,  Pa. :  The  practice  of  the  Scranton 
Steel  Works  has  been  mentioned  in  this  discussion.  I  had  several 
conversations  with  Col.  Scranton  and  with  his  manager  regarding 
the  soaking-pits  there.  Col.  Scranton  assured  me  of  his  utmost  con- 
fidence in  the  pits,  and  said  that  the  only  reason  why  he  abandoned 
them  was  that  for  certain  reasons  he  increased  the  size  of  his  ingots 
to  such  an  extent  that  the  pits  as  originally  constructed  would  not 
contain  them,  and  that  in  order  to  carry  on  the  soaking-practice  he 
would  have  been  obliged  to  reconstruct  his  whole  pit-]>lant,  which  it 
was  not  convenient  to  do  at  that  time,  nor  has  it  been  since.  He 
assured  me  further,  that  on  one  or  two  occasions  he  had  revised 
descriptions   of   his   works   written   for  techiu'cul   paj)ers,   and    had 
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stricken  out  adverse  strictures  on  the  pit-practice.  In  fact,  I  tliink 
that  lie  stated,  in  a  letter  published  in  the  Engineering  and  3Iining 
Journal  at  the  time,  that  he  was  regularly  running  more  than  80 
per  cent,  of  the  product  of  his  works  through  the  pits. 

The  question  of  the  proximity  of  the  soaking-pits  to  the  Besseraer- 
pit  is,  I  admit,  a  very  important  one.  The  shorter  that  distance, 
the  hotter  will  be  the  ingots  when  they  reach  the  pits.  Yet  I  think 
it  is  possible  to  carry  on  the  pit-practice  successfully  even  in  works 
where  the  pits  are  necessarily  some  distance  away;  it  has  been 
accomplished  abroad  and  can  certainly  be  accomplished  here. 

During  last  year  over  900,000  tons  of  ingots  passed  through  plain 
soaking-pits  in  England  and  on  the  continent  of  Europe ;  this  out- 
put exceeds  the  tonnage  of  the  preceding  year  by  30  per  cent.,  and 
the  tonnage  of  1887  by  more  than  60  per  cent.  Such  figures  ought 
to  encourage  American  metallurgists  to  introduce  pit-practice  on  the 
Gjers  system  in  American  works.  An  attempt  is  about  to  be  made 
by  the  Pennsylvania  Steel  Company  at  their  Sparrows  Point  works. 
They  are  laying  down  their  new  plant  with  the  express  intention  of 
using  the  non-fired  Gjers  pit,  and  they  are  devising  a  very  complete 
apparatus  for  stripping  the  ingot-moulds  and  for  conveying  the  ingots 
rapidly  to  the  pits.  I  feel  confident  that  their  efforts  will  meet  with 
entire  success. 

H.  M.  Howe,  Boston,  Mass. :  A  few  months  ago  I  visited  the 
new  mill  at  Dowlais,  South  Wales,  where  the  Gjers  pit  is  placed 
immediately  around  the  circumference  of  the  casting-pit,  in  close 
proximity  to  it.  So  far  as  I  was  able  to  learn  from  representatives 
of  the  Company,  the  Gjers  pit  had  never  been  used,  and  the  ingots 
were  heated  in  furnaces  only.  Perhaps  Mr.  Durfee's  special  facili- 
ties for  obtaining  information  will  enable  him  to  explain  the  reason 
for  this. 

W.  F.  DuRFEE,  Birdsboro,  Pa. :  I  learn  now  for  the  first  time 
the  alleged  disuse  of  the  soaking-pits  at  Dowlais,  and  therefore  1 
am  unable  to  account  for  it. 

In  discussing  the  introduction  of  Gjers  pits  in  this  country,  I 
omitted  to  mention  labor  as  one  of  the  factors  to  be  contended  with. 
Men  who  are  accustomed  to  work  gas-heating  furnaces  will  naturally 
antagonize  a  system  which  threatens  the  existence  of  their  craft. 
I  feel  confident  that  this  unfriendliness  has  had  an  important  bearing 
uj)on  the  introduction  of  pits  in  some  of  the  places  where  they  have 
been  tried. 

R.  M.  Daelen,  Dusseldorf,  Germany  :  I  shall  look  forward  with 
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great  interest  to  seeing  the  fired  pits  in  America,  and  hope  to  return 
to  the  subject-matter  of  this  discussion  after  having  profited  by  the 
opportunities  for  further  observation. 

With  regard  to  the  blooming-mill  I  am  quite  of  Mr.  Hunt's 
opinion ;  my  personal  preference  is  for  the  three-high  blooming-mill. 
I  have  seen  one  at  Darlington  which  worked  well,  and  I  shall  hope  to 
see  others  in  the  United  States.  ■  It  is  my  belief  that  in  Germany,  up 
to  the  present  time,  the  mechanical  facilities  for  quick  and  convenient 
handling  and  lifting  of  the  ingot  in  front  of  the  three-high  mill  are 
inadequate.  It  is  certainly  a  fact  that  the  preference  throughout 
Germany  for  the  two-high  blooming-mill  lies  in  the  simpler  con- 
trivances that  suffice  to  handle  the  ingots  before  a  mill  of  that  type. 


At  the  conclusion  of  the  discussion,  Mr.  Daelen  exhibited  a  col- 
lection of  photographs  and  drawings  in  further  illustration  of  his 
paper.  Of  special  ii^terest  were  designs  of  hydraulic  bloom-shears 
and  presses  for  steel  railroad-ties,  all  shown  to  be  actuated  by  steam- 
intensifiers,  as  described  in  the  author's  paper. 
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BY  JOHN  W.  CABOT,  BELL  AIRE,  0. 
(New  York  Meeting,  September,  1890.) 

In  the  manufacture  by  the  Bessemer  process  of  soft  steel  suit- 
able for  rolling  into  fine  sheets,  tubes  and  so  forth,  a  diffi- 
culty is  sometimes  met  with,  in  the  tendency  of  this  kind  of  metal 
to  rise  violently  and  boil  in  the  moulds  while  being  cast;  this 
results  in  hollow-topped  ingots,  and  consequently  in  an  undue 
amount  of  scrap  in  the  subsequent  rolling.  It  has  been  no- 
ticed that  this  peculiarity  does  not  pertain  to  all  pig-irons,  some 
grades  producing  a  blown  metal  which  pours  quietly,  while  others, 
in  whatever  way  the  blow  may  have  been  conducted,  give  a  metal 
which  rises  in  the  moulds,  accompanied  by  the  evolution  of  large 
quantities  of  hydrogen  and  carbonic  oxide  gases,  and  requiring  a 
long  time  to  solidify.     This  difference  in  behavior  has  been  some- 


ON   SULPHUR    IN    BESSEMER   STEEL. 


545 


what  difficult  to  understand.  We  were  at  first  inclined  to  look  to 
tlie  element  manganese  for  the  explanation,  because  of  the  well- 
known  part  which  it  plays  in  the  reactions  between  the  oxygen  of 
the  blast  and  the  other  elements,  particularly  carbon.  The  higher 
manganese- irons  generally  gave  a  characteristic  rising  metal,  but 
the  manganese  theory  was  abandoned  when  it  was  found  that  pig- 
irons  of  lower  manganese-content  sometimes  worked  in  the  same  way. 

While  blowing  soft  steel  at  Bellaire  from  metal  taken  directly 
from  the  blast-furnace,  we  made  some  observations  which  seemed  to 
offer  an  explanation  of  this  difference  in  the  behavior  of  different 
grades  of  iron. 

As  the  direct-iron  has  less  sulphur  than  the  same  iron  when 
remelted  in  the  cupola,  owing  to  the  absorption  of  that  element 
from  the  coke  in  the  remelting,  we  were  able  to  produce  from  it  steel 
very  low  in  sul})hur.  Now  this  unusually  low-sulphur  metal  showed 
the  rising  tendency  in  a  most  marked  degree  ;  when,  however,  the 
metal  from  the  furnace  contained  an  increased  percentage  of  sulphur, 
this  excessive  evolution  of  gases  did  not  take  place,  and  the  casting 
of  the  ingots  was  accomplished  in  the  normal  manner. 

Some  analyses  are  here  given  of  a  number  of  blows  varying  in 
their  carbon  -  and  manganese  content,  which  were  of  this  character 
of  rising  steel  ;  and,  for  comparison,  a  second  series  which  worked 
quietly.     The  rising  steel  analyzed  as  follows: 
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The  normal-workiDg  steel  is  represented  by  tlie  following; 
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It  will  be  noticed  that  the  only  essential  difference  in  the  two 
series  is  in  the  amounts  of  sulphur  present.  It  is  unusually  low  in 
the  rising  steel,  and  of  about  the  amount  common  in  cupola-metal 
in  the  case  of  the  tests  which  worked  normally,  the  average  analysis 
being  for  the  rising  steel, 

C  =  0.09,  Mn  =  0.36.  Si  =0.009.  S  =  0.03. 

and  for  the  quiet  metal, 

C  =  0.084.  Mn  =  0.39.  Si  =  0.009.  S  =  0.058. 

It  is  well  known  that  sulphur  exerts  a  potent  influence  upon  the 
condition  in  which  carbon  exists  in  combination  with  iron  iu  pig- 
metal.  A  few  hundredths  of  one  per  cent,  are  sufficient  to  throw  a 
large  portion  of  it  into  the  combined  form  in  an  iron  which  would 
otherwise  be  graphitic.  Now,  in  the  case  of  the  heats  blown  from 
the  high-sulphur  metal,  the  sulphur  probably  acted  in  the  same 
way  in  forcing  the  carbon  of  the  metallic  bath  into  combination  (in 
which  condition  only  is  it  readily  attacked  by  the  oxygen  of  the 
blast),  the  line  of  .separation  between  complete  carbon-oxidation  and 
the  beginning  of  iron-oxidation  being  thus  more  sharply  defined, 
and  the  carbon  thoroughly  washed  out  before  the  iron  was  attacked. 
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This  supposition  was  borne  out  by  the  character  of  the  change  in  the 
flame,  which  was  quick  and  decided. 

In  order  to  determine  the  correctness  of  this  view,  we  added  to 
tiie  blows  of  the  low-sulphur  iron  enough  more  sulphur  to  increase 
the  .01  and  .02  per  cent,  originally  present  to  .05  and  .06,  and  in 
every  case  the  troublesome  evolution  of  gas  from  the  metal  was  pre- 
vented and  the  steel  poured  quietly.  In  whatever  way  the  extra  hun- 
dredths were  added,  whether  by  adding  coal,  or  shale,  to  the  heats, 
or  by  mixing  with  them  a  high-sulphur  pig-iron,  the  effect  was  the 
same. 

No  doubt  this  peculiarity  of  low-sulphur  steel  can  be  overcome  by 
mechanical  means,  such  as  stirring  or  by  the  method  of  repouring. 
The  presence,  however,  of  .04  or  .05  per  cent,  of  sulphur  seems  to 
have  a  favorable  influence  on  the  reactions  taking  place  between  the 
oxygen  of  the  blast  and  the  elements  in  the  pig-metal,  in  produc- 
ing this  description  of  material. 


INTEBE8TINQ   VEIN-PBEIiOMENA  IN  BOULDER  COUNTY, 

COLORADO. 

BY  JOHN  B.  PARISH,  DENVER,  COL. 

(New  York  Meeting,  September,  1890.) 

This  brief  paper  is  designed  to  place  on  record  some  interesting 
occurrences,  recently  observed  during  an  examination  of  the  Golden 
Age  Mine,  in  Boulder  county,  Colorado. 

Leaving  the  little  village  of  Jamestown — or  Jiratown,  as  it  is  more 
generally  called — located  in  the  canon  of  James  creek,  the  road 
winds  up  a  steep  mountain  compo.sed  of  the  coarse  gray  granite, 
with  occasional  belts  of -gneiss,  common  to  all  the  mineral-bearing 
sections  of  Boulder  county,  to  the  summit  of  the  front  range  of  the 
Continental  Divide.  Here  are  located  the  mines  known  as  the 
Golden  Age  and  the  Sentinel,  the  relative  locations  of  which  are 
shown  in  Fig.  1. 

The  Golden  Age  location  covers  the  outcrop  of  a  quartz-porphyry 
dike,  which  cuts  through  the  granite  country-rock  with  a  strike  of 
about  N.  70°  E.  This  dike  varies  in  width  from  a  few  feet,  as  at 
a  point  between  the  main  shaft  and  the  Hill  shaft,  to  about  50  feet, 
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and  dips  about  45°,  as  shown  in  Fig.  2.     The  outcrop  of  the  main 


A 


ore-chnte  thus  far  explored  on  the  Gohlen  Age  vein  is  marked  by  a 
line  of  surface-works,  extending  along  the  contact  on  the  lower  side 
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of  the  porphyry  dike,  from  the  Line  shaft  on  the  east  to  the  main 
^haft  on  the  west.      At  the  depth  of  about   100  feet  the  main  shaft 


discloses  a  split  in   the  vein.     The  upper  or  hanging-wall  streak 
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continues  into  the  dike  on  approximately  the  same  dip,  but  with 
porphyry  hanging-  and  foot-walls,  until  a  depth  of  370  feet  is 
reached,  where  it  enters  the  upper  contact  between  the  porphyry  and 
granite,  and  remains  in  it  to  the  bottom  of  the  main  shaft,  470  feet 
on  the  incline  below  the  apex.  The  adit  which  cuts  the  porphyry 
dike  about  250  feet  below  the  bottom  of  the  shaft,  shows  this  streak 
in  the  same  contact. 

Beyond  the  split,  the  lower  or  foot-wall  streak,  stands  a  little 
steeper;  and  at  the  second  level,  180  feet  below  the  surface,  it  is  found 
in  the  contact  between  the  under-side  of  the  porphyry  dike  and  the 
granite  foot- wall.  It  remains  approximately  in  this  contact,  though 
occasionally  found  wholly  in  the  granite,  to  the  lowest  explorations 
in  the  shaft. 

The  porphyry  dike  varies  in  width  on  its  dip  as  well  as  on  its 
strike.  On  the  third  level  a  cross-cut,  47  feet  long,  reaches  the 
granite  on  both  sides  of  the  dike,  while  in  the  adit  the  porphyry  is 
passed  through  in  8  feet.  It  has  been  considerably  acted  upon  by 
the  vein-forming  agencies  in  the  upper  workings  ;  and  in  none  of 
these  openings  was  I  able  to  secure  a  specimen  that  was  not  more  or 
less  decomposed.  Where  it  is  cut  by  the  adit  it  is  less  acted  upon, 
and  shows  considerable  amounts  of  pyrites. 

The  Golden  Age  veins  are  well-defined,  often  presenting  a  banded 
structure.  They  are  inclosed  indistinct  walls,  with  selvages,  which 
at  times  exhibit  slickensides.  So  far  as  my  observation  went — and 
this  was  confirmed  by  Mr.  Amsden,  who  has  been  foreman  on  the 
mine  for  ten  years — the  seams  and  feeders  that  have  enriched  both 
veins  come  in  from  the  porphyry  dike. 

The  ore  from  the  Golden  Age  veins  is  somewhat  remarkable,  and 
the  rich  and  magnificent  gold  specimens  obtained  from  them  are 
familiar  to  all  the  miners  of  Boulder  county.  It  is  a  typical  free- 
milling  gold-ore.  A  good  percentage  is  .saved  by  simple  amalgama- 
tion on  copper-plates,  the  resulting  bullion  running  over  900  fine ;  the 
tailings  yield  pyritic  concentrates  of  fair  grade.  As  a  rule,  the  vein- 
rock,  especially  when  rich,  is  a  hard,  often  flinty  or  vitreous,  white 
quartz.  The  gold,  especially  in  the  hanging- wall  vein,  is  seldom 
accompanied  by  pyrite,  chalcopyrite,  or  any  of  the  baser  minerals.  It 
is  generally  imbedded  in  the  white  quartz  as  bright  yellow  gold,  rang- 
ing in  size  from  coarse  grains  to  nuggets,  occasionally  several  ounces 
in  weight.  One  specimen,  found  by  a  former  owner,  contained  70 
ounces  of  gold,  nearly  all  in  one  piece.  The  foot-wall  vein  contains 
more  of  the  base  minerals  than  that  of  the  hanging-wall.     After  it 


VEIN-PHENOMENA   IN   BOULDER  COUNTY,   COLORADO.       551 

reaches  the  lower  contact  between  the  porphyry  and  granite,  there  is 
a  marked  increase  in  the  quantity  of  these  associated  minerals,  and 
this  is  still  further  increased  when  the  vein  leaves  the  contact  and 
enters  the  granite.  In  such  places,  blende  and  galena  appear  in 
small  quantities,  with  pyrite  and  considerable  chalcopyrite  ;  but  the 
gold  in  the  ore  remains  as  free  as  elsewhere.  In  none  of  the  open- 
ings were  any  tellurium-minerals  found  by  me;  and  Mr.  Amsden  says 
they  are  unknown  in  the  Golden  Age. 

Returning  to  the  surface,  the  Sentinel  location  covers  the  apex  of 
a  vein  which  appears  on  the  surface  enclosed  in  a  belt  of  schistose  or 
gneissic  rock.  It  lies  nearly  parallel  to,  and  about  100  feet  south  of 
the  apex  of  the  Golden  Age  vein.  Only  two  shallow  openings  have 
been  made  on  this  vein  on  the  surface ;  the  deeper  being  a  shaft  sunk 
about  30  feet.  In  driving  the  adit,  the  first  vein  encountered  was 
the  Golden  Age,  on  the  hanging-wall  contact  of  the  dike,  and  about 
175  feet  further  north  the  Sentinel  vein  was  reached  in  granite.  An 
upraise  was  made  on  this  vein  to  the  lowest  (No.  5)  level  from  the 
main  shaft,  demonstrating  that  this  vein  dips  south  about  70°,  and 
passes  through  the  Golden  Age  vein  on  its  course. 

The  Sentinel  produces  an  ore  entirely  distinct  from  that  of  the 
Golden  Age.  It  is  the  familiar  bluish  quartz  of  the  tellurium  veins 
of  Boulder  county,  with  the  characteristic  chalcedony,  quartz  crys- 
tals and  finely  disseminated  pyrites.  The  value  is  in  metallic  gold, 
petzite  and  sylvanite.  While  most  of  the  metallic  gold  was  deposited 
as  native  gold,  a  certain  portion  has  evidently  been  rendered  free 
by  the  partial  decomposition  of  the  tellurium-minerals.  Some  of 
this  ore  is  very  rich.  One  specimen  recently  found,  weighing  a  little 
over  two  pounds,  is  valued  at  $228.00. 

The  richest  ore  usually  occurs  in  two  narrow  seams  or  streaks, 
often  only  a  foot,  but  at  times  as  much  as  10  feet  aj>art;  the 
intervening  space  is  more  or  less  mineralized  country-rock.  The 
miners  working  as  lessees  on  this  vein,  consider  it  richest  in  the 
schistose  rock,  and  poorest  when  it  is  in  the  porphyry,  on  its  course 
through  the  dike.  Though  the  openings  on  the  vein,  in  the  dike, 
are  limited,  this  opinion  appears  to  be  correct. 

So  distinct  are  the  characteristics  of  these  veins,  that  the  crossing 
of  the  Sentinel  through  the  Golden  Age  is  plainly  marked,  being 
exposed  in  the  main  shaft  and  workings  connected  with  it.  The  dip 
of  the  former,  as  stated,  is  about  70°  south,  and  is  quite  regular  as 
far  as  it  has  been  explored,  though  at  the  points  where  it  comes  in 
contact  with  the  quartz  streaks  of  the  Golden  Age   veins,  it  often 
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follows  along,  without  a  break  in  its  continuity,  either  above  or 
below  thetn  for  short  distances,  before  finally  passing  through  and 
assuming  its  regular  dip.  Nor  does  the  dip  of  the  Golden  Age  veins 
appear  to  be  much  disturbed,  the  greatest  vertical  displacement 
noticed  being  only  about  30  inches,  at  a  point  where  the  vein  is 
broken  by  the  passage  of  the  Sentinel  vein  through  it. 

It  is  possible  that  the  facts  observed  here  confirm  the  opinion 
that  the  gold-mines  of  Boulder  county  belong  to  at  least  two  distinct 
periods  of  vein-formation.  To  the  first  and  earlier  may  be  assigned 
the  Golden  Age,  and  the  mines  of  Ward  and  other  districts  producing 
similar  gold-ores,  free  from  tellurium-minerals  ;  to  the  second  and 
later,  the  tellurium  gold-veins  for  which  Boulder  county  is  particu- 
larly noted. 

That  the  ores  from  the  Sentinel,  or  tellurium-vein,  are  of  lower 
grade  where  the  vein  passes  through  the  porphyry  dike  than  else- 
where, may  be  due  to  the  formation  of  the  Golden  Age  vein  first. 
This  vein  probably  drained  the  dike  of  much  of  its  disseminated 
mineral-values.  The  Sentinel  doubtless  received  its  mineral  through 
the  schistose  or  gneissic  rocks,  and  is  consequently  richer  where 
enclosed  in  those  rocks  than  in  the  dike. 

Prospectors,  as  a  rule,  look  for  richer  or  larger  bodies  of  ore 
where  veins  unite  or  cross  each  other.  In  this  property  we  have 
two  interesting  occurrences  of  this  kind.  The  Golden  Age  veins 
unite  at  a  point  100  feet  below  the  surface.  These  are  similar  veins 
of  the  same  age.  The  result  was  seen  in  larger  and  richer  ore-bodies 
mined  in  the  stopes  near  the  tnain  shaft  and  adjacent  to  the  junction 
of  the  veins.  In  the  other  case,  the  crossing  of  the  Sentinel  tellurium- 
vein  through  the  Golden  Age  veins,  which  was  the  passing  of  a 
later  .through  earlier  veins,  produced  no  local  enlargement  or 
enrichment  of  the  ore-bodies.  It  may  be  inferred  with  probability 
as  a  general  rule,  subject  of  course  to  locid  exceptions,  that  for  the 
production,  by  the  junction  of  two  veins,  of  ore-bodies  larger  or  richer 
than  are  characteristic  of  either  vein  separately,  the  two  veins  should 
be  of  contemporaneous  origin. 

Discussion. 

R.  W.  Raymond,  New  York  City  :  Perhaps  the  concluding 
proposition  of  Mr.  Parish's  paper  may  be  both  confirmed  and 
explained  by  restricting  its  application  to  such  cases  of  enrichment 
as  result  from  the  simple  enlargement  of  the  space  avaihible  for 
deposition,  and  the  consequent  diminution  of  the  speed  of  percolating 
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currents — both  of  which  conditions  are  observed  to  produce  similar 
effects  in  veins  which  vary  in  dip  or  width  but  are  not  intersected 
by  other  veins.  Practical  miners  look  for  the  larger  ore-bodies  in 
the  flat  places  and  the  wide  places  of  the  vein,  and  the  pinches, 
though  they  do  now  and  then  compensate  by  special  richness  for 
their  contracted  size,  are  usually  as  "lean  "  as  they  are  thin. 


LATEST  DEVELOPMENTS  IN  COMPRESSED-AIR  MOTORS 
FOR  TRAMWAYS. 

BY   D.    S.    JACOBUS,    UOBOKEN,    N.    J.      . 

(New  York  Meeting,  September,  1890.) 

CoMPRESSED-air  motors  are  specially  desirable,  if  economically 
practicable,  for  underground  haulage,  because  they  require  no  fuel, 
involve  no  danger  of  fire,  and  not  only  avoid  heating  and  fouling 
the  atmosphere  with  smoke  and  combustion-gases,  but  by  the  emis- 
sion of  expanding  fresh  air,  cool  and  improve  it  and  aid  venti- 
lation. 

The  highest  developments  in  the  use  of  compressed-air  motors  for 
locomotion  are  to  be  found,  in  the  opinion  of  tiie  writer,  in  the 
principles  of  the  Mekarski  car-motor  as  ai)plied  to  street  tramways, 
and  it  is  thought  that  notes  taken  regarding  this  system,  during  a 
recent  trip  to  Europe,  where  two  plants  are  in  successful  operation, 
at  Nantes  and  Vincennes  respectively,  will  be  interesting  to  mining 
engineers. 

The  plant  at  Nantes  operates  a  street-line  5.2  miles  long,  re- 
quiring about  twenty  motors ;  the  one  at  Vincennes  about  7  miles  of 
road.  Each  car  at  Nantes  carries  its  own  motor.  At  Vincennes, 
however,  the  motor-car  is  arranged  to  tow  a  second  car  containing  no 
motor. 

The  road  at  Nantes  is  the  older,  having  been  in  successful  opera- 
tion for  ten  years,  during  which  time  neither  the  American  consul, 
Mr.  Shackelford,  who  has  resided  at  Nantes  for  about  five  years, 
nor  the  vice-consul,  Mr.  Bennett,  who  has  been  at  Nantes  ever  since 
the  road  started,  has  ever  seen  anything  go  wrong  with  the  motors. 

Description  of  the  Railroad  at  Nantes. 

Motor-Car. — Two  small  engines  are  connected  so  as  to  rotate  the 
front  axle  of  the  car,  a  reversing  lever  being  used  to  alter  the  cut- 
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off  and  run  the  motor  in  either  direction.  The  compressed  air  is 
stored  in  ten  tanks,  fastened  under  tlie  car,  eight  of  these  tanks  being 
connected  together  and  constituting  what  is  called  the  battery,  and 
the  other  two  forming  the  reserve.  Air  may  be  admitted  from 
either  the  battery  or  the  reserve  to  the  tank,  A,  Fig.  1,  where  it 


Fiq.  I. 


Regulating  Mechanism  of  tiie  Mekarski  Motor. 


passes  through  a  mass  of  hot  water  before  it  reaches  the  regulating- 
valve,  the  construction  of  which  can  best  be  seen  in  Fig.  2. 

The  valve  is  opened  and  closed  by  a  difference  of  the  air-pressure 
acting  on  the  two  sides  of  the  diaphragm,  a,  a.  The  pressure  in  the 
space,  E,  will  therefore  be  governed  by  the  air-pressure  that  is 
brought  to  bear  on  top  of  the  diaphragm,  which  pressure  can  be 
varied  at  will  by  means  of  the  piston,  D.  From  the  regulating- 
valve  the  air  passes  to  the  three-way  cock,  B,  Fig.  1,  which  causes 
it  to  pass  either  to  the  engines  or  to  the  air-brakes.  The  dimensions 
are  as  follows : 

Diameter  of  cylinders  of  engines,  13|  centimeters  or  5^^  inches. 

Stroke  of  engines,  26  centimeters  or  10|  inches. 


COMPRESSED-AIR   MOTORS   FOR  TRAMWAYS. 


555 


Compressed-air  cylinders,  about  18  inches  diameter  and  5  feet 
long. 

The  cylinders  containing  the  compressed  air  are  not  all  of  the 
same  size.  The  total  capacity  of  a  set  of  connected  cylinders,  as 
given  in  Mekarski's  circular,  is  such  that  each  kilogramme  of  pres- 
sure per  square  centimeter  corresponds  to  2.5  kilogrammes  weight 
of  air  in  the  battery  and  0.8  kilogramme  of  air  in  the  reserve.  The 
pressure  of  air  employed  at  Nantes  when  the  motors  are  fully 
charged  is  30  kilogrammes  per  square  centimeter  in  both  the  battery 
and  the  reserve.* 

The  motors  run  very  steadily,  there  being  no  appreciable  teetering 
or  rocking  when  the  car  is  at  full  speed.     In  starting,  there  is  no 


Fig.  2. 


Kegulating-Valve. 

jerking  motion  experienced,  and  as  air-brakes  are  used  for  stopping, 
the  quickness  with  which  this  is  done  may  be  varied  at  will.  The 
air  exhausted  from  the  motors  makes  a  slight  noise,  but  not  enough 
to  cause  annoyance  to  persons  residing  near  the  car-lines. 

Air- Compressors  and  Storage-Tanks. — The  air-compressors  are  of 
the  compound  type,  in  which  air  is  first  compressed  into  an  inter- 
mediate receiver,  and  from  this  enters  the  high-pressure  cylinder, 
where  it  is  compressed  to  the  final  pressure.  The  air-cylinder 
pistons  are  both  fastened  to  the  same  rod.  The  cylinders  are 
single-acting,  the  pressure  in  the  receiver  being  made  to  act  con- 
stantly on  one  side  of  the  high-pressurb  ])iston.  The  steam-cylinder 
is  set  parallel  to  the  air-cylinders,  and  the  pistons  of  all  the  cylin- 
ders are  connected  to  the  same  fly-wheel  shaft.  The  dimensions  are 
about  as  follows  : 


*  A   pressure  of  1  kilogramme  per  square  centimeter  is  equivalent   to   14.22 
pounds  i)er  square  inch. 
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Four  Compressors  at       Two  Compressors  at  Sup- 
Main  Station.  plementary  Station. 
Inches.  Inches. 

Length  of  stroke  of  air-cylinders,          ,     23.6  17 

Length  of  stroke  of  steam-cylinder,      .     39.4  2S 

Diameter  of  high-pressure  air-cylinder,       9.4  7 

Diameter  of  low-pressure  air-cylinder,  .     19.7  15 

Diameter  of  steam-cylinder, .         .         .19.7  14 

The  compressors  are  made  to  force  air  into  a  receiving-tank  until 
the  arrival  of  a  motor  that  is  to  be  charged.  The  motor  is  first  con- 
nected to  the  receiving-tank  so  that  its  cylinders  become  charged 
to  the  pressure  of  the  tank  ;  they  are  then  connected  directly  to  the 
compressor  until  the  required  pressure  is  reached,  at  which  point 
an  automatic  valve  acts  to  prevent  any  excess  if  the  person  charg- 
ing the  motor  does  his  work  in  a  careless  manner.  The  receiver 
is  always  at  a  lower  pressure  than  that  required  for  the  cylinders  of 
the  car,  so  that  all  the  work  of  storing  the  air  is  not  done  against 
the  maximum  pressure.  At  the  same  time  that  the  air-tanks  are 
being  charged,  the  water  in  the  tank,  A,  Fig.  1,  is  heated  by  passing 
steam  into  it.  The  loss  of  water  by  vaporizing  during  the  trip  is 
just  about  the  same  as  the  amount  of  steam  that  is  required  to  be 
condensed  in  the  water  in  order  to  heat  it,  so  that  there  is  no  escape 
of  steam  or  hot  water  at  the  charging-station.  No  opportunity  was 
offered  to  measure  the  temperature  of  this  water,  but,  according  to 
Mr.  Mekarski,  it  is  160°  Cent,  when  the  motor  starts  from  the  sta- 
tion, and  about  100°  Cent,  when  it  returns. 

Method  of  Running  the  Motors. — The  reversing-lever  is  first  thrown 
forward  to  the  last  notch  from  the  center  ;  the  hand-wheel,  H,  is  then 
slowly  turned  so  that  it  forces  the  piston,  D,  Fig.  2,  downward,  and 
opens  the  valve  admitting  air  to  the  chamber,  E,  from  which  it  passes 
through  the  cock,  B,  Fig.  1,  to  the  engine.  The  lever  is  held  in 
the  forward  position  until  the  motor  begins  to  start,  and  then  it  is 
brought  to  the  notch  nearest  to  the  center.  When  the  lever  is  for- 
ward  in  the  last  notch,  the  cut-off  occurs  at  |-stroke;  in  the  notch 
nearest  the  center  the  cut-off  is  \. 

About  6  to  10  kg.  per  square  centimeter  are  used  on  the  engines 
at  starting,  and  this  pressure  is  preserved  until  the  motor  attains  a 
speed  a  trifle  faster  than  the  average.  The  pressure  is  then  shut  off 
from  the  engines,  provided  the  track  is  quite  level,  and  the  reversing 
lever  is  thrown  forward  ;  the  car  then  rnns  a  short  time  by  its 
inertia.  When  the  speed  diminishes,  the  lever  is  brought  back  to 
the  first  notch,  and  6  to  10  kg,  again  brought  on  the  engines.     By 
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working  the  air  in  this  way,  it  can  be  used  more  efficiently  than  if 
a  constant  low-throttled  pressure  were  used.  In  going  upgrades  the 
pressure  is  constantly  on  the  engines  and,  if  possible,  the  lever  is  in  the 
first  notch.  There  was  no  grade  at  Nantes  so  steep  that  this  could 
not  be  done.  To  stop  the  car,  the  handle  of  the  three-way  cock,  B, 
Fig.  1,  is  turned,  and  the  required  amount  of  air-pressure  brought 
to  bear  on  the  brakes  by  screwing  down  the  hand-wheel,  H.  When 
the  pressure  in  the  battery,  which  is  the  first  set  of  cylinders  drawn 
from,  becomes  too  low  to  start  quickly,  or  to  drive  the  motor  up  a 
grade,  the  three-way  cock  shown  at  G,  Fig.  1,  is  turned  so  as  to 
allow  the  pressure  of  air  from  the  reserve  to  be  communicated  to  the 
interior  of  the  tank,  A.  The  cock  is  then  turned  back  to  its  former 
position,  so  that  there  will  still  be  a  high  pressure  of  air  in  the  re- 
serve to  be  used  again  in  case  of  need. 

Stationary  Plant. — Fig.  3  will  give  a  general  idea  of  the  plan  of 
the  tracks  at  Nantes,  although  there  are  many  more  curves  in  the 
lines  than  are  here  represented. 


Fig.  3. 


at  Doulon. 


O 

Supplementary 
Station  at  CUaten^ay 


C 
Plan  of  Route  at  Nantes. 

The  motors  start  from  the  main  station,  B,  charged  to  about  30 
kg.  per  square  centimeter  in  both  the  battery  and  reserve,  go  to  A, 
then  to  C,  and  back  to  A,  and,  finally,  to  D.  At  the  supplementary 
station,  D,  the  tanks  are  re-charged  to  about  20  kg.  per  square  cen- 
timeter, and  the  motor  returns  to  A  and  then  to  B. 

There  are  several  stations  along  each  route  at  which  inspectors 
enter  the  cars  to  see  if  all  the  passengers  have  tickets,  these  tickets 
having  been  purchased  from  a  conductor  who  rides  on  the  car. 

The  track  is  quite  level,  the  heaviest  grade  being  where  the  road 
crosses  bridges  the  road-beds  of  which  are  higher  in  the  middle  than  at 
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the  two  ends.     The  maximum  grade  is  1  to  .045,  and  all  the  grades 
are  short. 

There  are  four  compressors  at  the  main  station  at  Doulon  and  two 
at  Chatengay,  the  dimensions  of  which  have  been  already  given. 
Two  of  the  compressors  at  Doulon  are  run  on  Sundays  and /e/e  days, 
at  which  time  there  are  twenty  motors  in  use,  whereas  on  week-days, 
one,  and  only  for  part  of  the  time  two,  compressors  are  run  and 
sixteen  motors  are  in  use.  At  Chatengay  both  of  the  compressors 
run  on  Sundays  and  only  one  during  the  week.  The  motor-cars 
have  seats  for  sixteen  persons  without  crowding,  and  eighteen  with 
slight  crowding.  The  back  platforms  are  quite  large,  however,  so 
that  sometimes  thirty  or  more  passengers  will  be  carried  at  one  time. 
There  are  in  all  twenty-two  motors  belonging  to  the  company. 

Eecord  at  Nantes  for  the  Year  Ending  July,  1889,  as  given  by 
Mr.  Mekarskj. 


Fuel,  1300  tons  at  $5  per  ton,  delivered  to  station,     . 
Oil  and  waste  for  rolling-stock  at  $80  per  ton,     . 
Oil  and  waste  for  stationary  plant  at  §80  per  ton. 
Total  number  of  men  employed  at  Doulon  Station,     . 

"  "         "  "  "  Chatengay  Station, 

Number  of  trips  made  by  each  motor  per  day. 
Length  of  each  trip  (one  full  charge  of  air  and  one 

two-thirds  charge  for  each  trip),      .... 
Number  of  miles  made  by  each  motor  per  day,  . 

"         "    motors  in  use  on  week  days, 

"         "         ''  "       "    Sundays  and  Fete  days,    . 

Time  of  starting  the  (irst  motor  from  the  station, 
Time  of  starting  the  last  motor  from  the  station, 
Total  number  of  miles  run  during  the  year, 


$6,500.00 

862.00 

300.00 

7 

5 

6 

10.4  Miles. 

62.4 

16 

20 

7      A.M. 

7.08  P.M. 

346,600 


The  cost  of  repairs  for  this  particular  year  could  not  be  obtained, 
but  in  a  statement  of  expenses  for  the  year  1888,  Mr.  Mekarski 
})laces  the  maintenance  of  rolling-stock  at  26,011  f.,  or  about  $5200, 
and  of  the  stationary  plant  at  15,803  f.,  or  $3200. 

Tests  of  Speed. — Table  I.  shows  the  trip-records  taken  at  Nantes, 
while  Table  IT.  gives  the  totals  and  averages  of  all  the  results. 
They  clearly  exhibit  the  following  points: 

1st.  The  motors  started  with  about  the  same  rapidity  as  an  ordi- 
nary street  car,  i.e.,  they  attained  full  speed  in  12  to  16  seconds, 
and  could  be  started  quicker  than  this,  but  at  a  greater  expendi- 
ture of  compressed  air. 

2d.  The  total  distance  run  over  in  order  to  measure  the  speed  was 
22.55  miles,  and   the   number  of  stops   made  was  61.     The  rate  ol" 


COMPRESSED-AIR   MOTORS   FOR   TRAMWAYS.  659 

speed  including  stops  was  7.58  miles  per  hour,  and  excluding  stops 
8.52  miles  per  hour. 

3d.  The  greatest  distance  run  with  a  single  charge  of  air  was  (^.6 
miles ;  this  required  30  kg.  per  sq.  cm.  In  returning  from  the 
supplementary  to  the  main  station  the  motors  ran  a  distance  of  3.8 
miles,  being  charged  at  the  start  to  about  18  kg,  per  sq.  cm. 

The  recorded  number  of  passengers  in  the  tables  gives  the  num- 
ber on  the  car  at  the  time  of  starting  after  a  stop ;  this  number  does 
not  include  the  driver  and  conductor.  The  average  number  of 
passengers  is  obtained  by  taking  the  average  of  the  number  on  the 
car  at  each  minute  of  the  time  required  to  make  the  trip. 

Horse-Poicer  and  Coal  Consumption  of  Compressors. — The  mean 
effective  pressure  for  60  revolutions  per  minute,  as  shown  by  indicator 
cards  taken  by  Mr.  Mekarski,  is  32  lbs.  per  square  inch.  We  also 
have: 

Diameter  of  cylinder  =  .5  m.  =  19.7  inches.  Stroke  =  1  meter  =  3.28  ft. 

Hence  H.  P.  =  305X32X3.28x60x2  _  ^^^^^^  ^  ^  . 
33000 

Sixty  revolutions  per  minute  is,  according  to  the  judgment  of  the 
writer,  about  the  average  speed  that  would  be  obtained  bv  adding 
together  the  revolutions  made  by  the  two  compressors  during  the  day 
and  dividing  the  sum  by  the  number  of  minutes,  for  the  compressors 
run  ordinarily  at  about  45  turns,  and  one  runs  all  day,  and  the 
other  only  occasionally. 

The  compressor  in  the  supplementary  station  compresses  only  to 
about  two-thirds  of  the  pressure  obtained  at  the  main  station,,  so  that 
to  fill  a  given  volume  its  horse-power  would  be  about  two-thirds 
of  115,  or  say  75,  provided  the  indicator-cards  of  the  air-cylinder 
have  the  same  mean  effective  pressure.  As,  however,  the  indicator- 
cards  will  be  smaller,  we  may  say  that  about  60  horse-power  is  re 
quired  at  this  station,  making  the  total  requisite  horse-power  at  both 
stations  175. 

The  engines  have  a  condenser;  if  we  therefore  assume  3  lbs.  of 
coal  per  horse-power  per  hour  we  obtain  : 

Coal  per  hour  =  175  X  3  =  525  lbs. 
"       "    day  of  12  honr.i  =  6300  lbs. 
I^igure  given  by  Mr.  Mekarski  =  1300  tons  per  year. 
"  =7100  lbs.  per  day. 
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Description  of  the  Railroad  from  Vincennes  to  Nogent. 

Plant. — Figure  4,  from  which  many  curves  have  been  omitted, 
will  give  an  idea  of  the  route,  the  distances  being  taken  from  Mr. 
Mekarski's  pamphlet  describing  his  system. 


Fig.  4. 


Vinccnnts  Station. 


Plan  of  the  Konte  at  Vlncennes. 

The  motors  on  this  line  are  larger  than  at  Nantes,  and  are  charged 
to  a  higher  air-pressure.  The  motors  on  the  main  line  D,  A,  E,  B, 
draw  a  supplementary  car ;  they  are  charged  at  1)  and  run  to  E,  where 
tiiey  are  replaced  by  another  motor  that  has  been  charged  at  E  ;  from 
IC  (he  second  motor  and  car  either  proceed  to  B,  and  return  to  E, 
without  a  further  charge  at  B,  or  they  return  to  D  without  going  to  B. 

The  motors  that  run  on  the  branch  road  do  not  draw  a  sui)ple- 
mentary  car ;  they  are  charged  at  E  and  run  to  A,  and  to  C,  and  then 
return  to  E,  making  the  round  trip  with  a  single  charge  of  com- 
pressed air.  There  are  seats  on  the  top  of  the  motors  and  tiie  cars, 
as  well  as  inside  of  both.  The  number  of  passengers  given  in  the 
record  is  only  approximate,  as  it  was  not  possible  for  one  person  to 
keep  an  exact  tally  for  both  motor  and  car.  At  some  portions 
of  the  trip  the  motor  and  car  had  all  the  passengers  that  could  be 
accommodated. 

The  principal  results  obtained  are: 
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Tests  of  Speed. — The  details  of  a  number  of  trip-records,  taken  on 
this  line,  are  given  in  Table  III.,  and  the  totals  and  averages  are 
shown  in  Table  IV. 

1st.  The  motor  with  a  car  in  tow  started  in  from  20  to  40  seconds, 
which  is  about  twice  the  time  required  by  an  ordinary  street-car. 

2d.  The  total  distance  over  which  a  record  was  kept,  in  order  to 
determine  the  speed  of  a  motor  when  drawing  a  car  was  11.9  miles. 
The  average  speed  including  stops  was  8.58  miles  per  hour,  and  ex- 
cluding stops  9.26  miles  per  hour. 

3d.  The  motor  alone  ran  on  the  branch  line  at  8.81  miles  per 
hour  including  stops,  and  at  10.65  miles  per  hour  excluding  stops. 

4th.  The  average  distance  run  by  a  motor  with  a  single  charge  of 
air  and  drawing  a  supplementary  car,  was  3.97  miles,  and  this  re- 
quired the  air  in  the  tanks  to  be  compressed  to  about  40  kg.  per 
square  centimeter. 

Time  Required  to  Change  Motors. — The  only  case  in  which  this 
has  to  be  done  quickly  is  at  Vincennes  Station.  The  motor  is  dis- 
connected from  the  car,  run  to  the  charging  station,  about  75  yards 
distant,  charged  there  and  then  run  back  to  be  connected  to  the 
.same  car.  In  timing  these  operations  the  motor  was  disconnected 
from  the  car,  turned  at  right  angles  to  the  track  on  a  turn-table, 
and  run  to  the  charging  station  in  three  minutes.  The  air  and  steam 
were  turned  on  three-quarters  of  a  minute  after  the  motor  came  to 
rest  on  the  platform,  and  exactly  three  minutes  afterward  the  motor 
was  disconnected  and  started  back  toward  the  turn-table.  At  Nantes 
the  motors  are  left  on  the  charging  platforms  about  15  minutes, 
during  which  time  the  driver  oils  up  the  engines. 

Estimated  Cost  of  a  Road  in  the  United  States. 

As  a  basis  for  estimating  the  cost  of  equipping  and  operating  a 
line  in  this  country,  we  will  take  a  double-track  road  8|  miles  long, 
i.e.,  7  miles  of  track,  two  terminal  charging-stations,  and  cars  run- 
ning at  four-minute  intervals  for  twelve  hours  a  day.  One  gang  of 
men  is  to  be  employed  at  each  station. 

Two  charging-stations  are  required,  one  at  each  end  of  the  line, 
unless  the  track  is  quite  level  and  is  kept  perfectly  clean.  In  the 
case  of  a  city  where  wagons  are  continually  crossing  the  tracks, 
thereby  causing  the  motors  to  be  slowed  down  and  started  up  very 
often,  and  where  the  streets  are  not  kept  clean,  it  would  require 
much  more  power  to  operate  the  motors  than  at  Nantes,  where  there 
was  little  interference  with  the  continuous  running  of  the  motors, 
VOL.  XIX.— 36 
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except  for  taking  on  or  letting  off  passengers,  and  where  the  rails 
were  kept  as  clean  as  possible  by  a  couple  of  track-walkers  em- 
ployed for  the  purpose.  Besides  this,  in  many  cities  snow  has  to  be 
contended  with.  There  would  also  be  many  more  stops  for  passen- 
gers in  one  of  our  larger  cities  than  at  Xantes.  For  these  reasons 
the  length  of  the  assumed  line,  which  has  no  intermediate  charging- 
stations,  has  been  limited  by  the  practice  developed  at  Yincennes, 
near  Paris,  where  the  motor  and  tow-car  travel  with  one  unre- 
newed charge  of  air  an  average  distance  of  3.07  miles. 

The  cost  of  coal  per  mile  per  motor  at  Nantes,  at  $5  per  ton,  is 
1.875  cents  ;  or  at  $3.50  per  ton,  1.31  cents.  Assuming  that  motors 
running  in  this  country  would  require  one  and  one-half  times  the 
power  that  they  do  at  Nantes,  the  coal  per  mile  per  motor  will  be 
1.96  cents. 

The  total  number  of  miles  made  by  the  motors  per  day  on  the 
proposed  plant  is  6J)  X  12  X  (3|-  X  2)  =  1260, and  the costof  coal  per 
day  1260  X  1.96  cents  =  about  $24  50. 

The  waste  and  oil  for  rolling-stock  at  S80  per  ton  at  Nantes,  or 
about  30  cents  per  gallon,  is  0.25  cent  per  mile  per  motor,  or  §3.15  per 
day.  If  oil  is  50  cents  per  gallon,  this  comes  to  about  $5.25  per  day.* 
The  oil  for  the  stationary  plant  at  this  same  price  is  about  $1.75  per 
day. 

The  cost  of  maintenance  of  the  rolling-stock  as  given  in  the  printed 

statement  by  Mr.  Mekarski   is  .052  f.  per  kilometer,  or  1.67  cents 

per  mile  per  motor.     Assuming  that  the  greater  price  paid  for  labor 

in  the  United  States  will  add  50  per  cent,  to  this  figure,  we  have  for 

3 
the  repairs  per  mile  per  motor  1.67  X  7^  ^  2.5  cents  or  $31.50  for 

the  entire  number  of  motors  per  day.f 

The  cost  of  maintenance  of  the  stationary  plant  obtained  in  a 
similar  way  is  $19.50  per  day. 


*  This  assumes  that  the  price  of  waste  in  the  United  States  is  sixty-six  per  cent, 
higher  than  at  Nantes. 

f  Aliiiongh  it  is  fully  appreciated  tliat  this  figure  is  one  of  the  most  important 
in  an  estimate  of  this  kind,  it  has  been  impossible  to  check  it  by  directly  observ- 
ing the  number  of  men  in  the  repair-shop,  because  all  repairs  are  made  in  Mr. 
Mekarski's  shop  at  Doulon,  and  this  sliop  is  usually  employed  on  other  commercial 
work.  There  are  22  motors  in  all  belonging  to  the  company,  and  it  is  said  that  20 
of  these  have  been  run  every  Sunday  and/i^<e  day  since  the  road  was  started,  so  that  it 
appears  to  be  exceptional  to  have  more  than  two  motors  undergoing  repairs  at  the 
same  time. 
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The  luiraber  of  men,  exclusive  of  those  making  repairs,  that  would 
be  required  at  each  station  are:  1  engineer,  1  oiler,  2  firemen,  2 
workmen,  and  2  charging-men,  or  8  men  in  all,  and  an  extra 
engineer  who  would  take  the  place  of  either  of  the  others  in  case  of 
sickness.  These  figures  correspond  with  what  Mr.  Mekarski  gave 
me  for  the  main  station  at  Nantes. 

The  items  for  supplies  and  repairs  for  both  stations  are  therefore  : 


Cost  of  coal  per  day  at  $3.50  per  ton, 
Oil  and  waste  for  rolling-stock, 
Oil  for  stationary  i)lant,   . 
Maintenance  of  rolling-stock,  . 
Maintenance  of  stationary  plant, 

Cost  per  day — total  supplies  and  maintenance, 


$24.50 

5.25 

1.75 

31.50 

19.50 

$82.50 


The  labor  items  are  : 

3  engineers  at  $3.00  per  day, $9.00 

2  oilers  at  $2.00  per  day, 4.00 

4  firemen  at  $2.50  per  day, 10.00 

4  workmen  at  $1.75  per  day,  .......  7.00 

4  charging-men  at  $2.00  per  day,     ....*.  8.00 

Total  expended  for  labor  in  two  stations  per  day,        .    $38.00 

If  we  assume  the  cost  of  the  two  buildings  required  for  this  plant 
to  be  the  same  as  that  of  a  single  larger  one  which  would  be  re- 
quired if  horses  were  used,  then,  so  far  as  plant  is  concerned,  we 
have  only  the  charge  for  depreciation  of  the  machinery  and  motors 
in  Mr.  ]\Iekarski's  system  to  balance  against  the  replacement  and 
acclimating  of  horses  in  a  system  in  which  horses  are  the  motive- 
power.     The  approximate  cost  of  the  machinery  will  be: 


4  compressors, $15,000 

4  boilers, 5,000 

22  motors, 25,000 


Total  cost  of  machinery, 


$45,000 


Taking  interest  and  depreciation  at  10  per  cent.,  we  have  for  this 
item  $4,500  per  year,  or  about  $12.50  per  day. 

The  total  cost  per  day  of  the  plant,  neglecting  the  wages  of  con- 
ductors and  drivers  and  also  repairs  and  interest  on  buildings  and 
such  portions  of  the  motor-cars  as  have  their  equivalent  in  an  ordi- 
nary street-car,  will  be : 
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Fuel,  oil  and  repairs, $82.50 

Labor, 38.00 

Interest  and  depreciation  of  machinery,         ....       12.50 

Total, $133.00 

In  the  case  here  considered  the  men  work  on  very  long  shifts 
— say  13  hours  per  day.  Ordinarily,  if  there  is  sufficient  traffic  to 
require  the  cars  to  be  run  at  four-rainute  intervals  during  the  busy 
part  of  the  day,  they  will  have  to  be  kept  running  in  the  evening,  and 
the  number  of  working-hours  per  day  will  be  increased  to  eighteen. 

If  the  trips  are  so  arranged  that  the  same  number  of  miles  is  made 
by  the  motors  in  a  day  of  18  hours  as  in  one  of  12 — the  motors 
running  more  frequently  during  the  busy  part  of  the  day  than  in  the 
evening  and  very  early  morning — the  cost  per  day  with  two  gangs 
of  men  at  each  station  will  be  $38.00  X  2  =  |76.00  for  labor;  add- 
ing to  this  $95.00  for  fuel,  etc.,  gives  $171.00  as  the  total  expense, 
apart  from  other  items  which  would  be  common  to  roads  operated 
either  by  compressed  air  or  by  horses. 

Comparison  with  Horse-Traction. — The  writer  has  received  an 
estimate  for  operating  by  horse-power  a  road  of  the  above  descrip- 
tion, namely,  a  3|-mile,  double-track  line,  running  cars  on  a  four- 
minute  headway  for  12  hours  a  day.     It  is  as  follows : 

Cost  of  feeding  350  horses  per  day, $105.00 

20  stablemen  at  $1.75  per  day, 35.00 

1  stable-foreman, 2.50 

1  stable-doctor, 3.00 

4  hitchers  at|1.50  per  day, 6.00 

Medicines, 2.00 

Replacement  of  horses  and  acclimating,        ....  37.50 

Shoeing, 14.00 

Total, .     $205.00 

In  order  to  compare  these  figures  with  the  results  obtained  for  the 
Mekarski  motors,  we  must  add  to  the  total  sum  the  interest  on  the 
capital  invested  in  horses.  Assuming  each  horse  to  be  wortii  $100, 
we  have  for  the  value  of  the  horses  350  X  $100  =  $35,000;  five 
per  cent,  on  this  is  $1,750,  or  about  $5.00  per  day,  making  the  total 
per  day  205  +  5  =  $210. 

The  following,  therefore,  is  the  comparison  obtained  : 

Mekarski  compressed  air-motor  cars  for  a  day  of  12  hours,  .     $133.00 
"  "  "  "  "  18       "      .       171.00 

Horse-traetion  for  a  day  of  12  hours,    .....       210.00 
(Neglecting  in  all  ca.ses  wages  of  conductors  and  drivers,  and 
interest  and  repairs  on  buildings  and  cars.) 
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It  must,  however,  be  borne  in  mind  that  the  figures  for  repairs  of 
the  Mekarski  motors,  given  in  the  estimate,  are  for  a  plant  that  has 
been  in  operation  a  long  time,  and  in  all  probability  brought  to  its 
best  condition  in  regard  to  attendance.  If  a  new  plant  were  started 
in  the  United  States,  inexperienced  men  would  have  to  be  put  in 
charge  of  tlie  motors,  and  in  all  probability  the  repairs  for  the  first 
year  would  far  exceed  the  figures  above  given.  The  extra  wages 
that  men  could  earn  for  running  the  motors  over  those  of  an  ordi- 
nary driver  are  also  left  out  of  consideration.  Again,  men  not  used 
to  running  the  motors  would  use  the  air  with  less  economy  than 
they  now  do  at  Nantes  ;  and  probably  the  addition  of  50  per  cent, 
to  the  fuel-cost  per  mile,  on  account  of  dirty  tracks,  etc.,  will  not  be 
a  sufficient  margin.  It  is  also  probable  that  the  pressure  of  air 
stored  in  the  tanks  will  have  to  be  made  very  mucli  higher  than  is 
actually  necessary  for  the  trip,  so  that  an  extra  amount  of  air  can  be 
drawn  on  in  case  of  an  emergency,  and  as  this  was  not  done  at 
Nantes,  at  which  place  the  reserve  had  to  be  thrown  in  toward  the 
end  of  nearly  every  trip,  an  extra  allowance  should  be  made  on  this 
account.  Taking  all  this  into  consideration,  it  may  be  that  the  coal 
consumed  per  motor  per  mile  in  the  United  States  will  be  twice,  or 
even  three  times,  that  at  Nantes. 

The  greatest  drawback  to  the  Mekarski  motor  is  to  be  anticipated 
when  snow  can  not  be  kept  from  the  rails;  for  as  each  motor  has 
only  a  definite  charge  of  air  which  may  become  exhausted  in  con- 
tending with  the  snow,  the  car  may  come  to  a  standstill  on  the  track. 
This  condition  would  not,  of  course,  occur  on  underground-lines,  so 
that  the  objection  does  not  require  to  be  considered  for  cases  of  mine- 
haulage. 
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Table  I. 
Record  of  Mekarski  Air- Motors  at  Nantes. 
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Remarks. 


A.M. 
AtoB      10.17 


BtoA 


AtoC 


CtoA 


AtoD 


DtoA 


A.M. 


10.32 
10.31% 


10A9}4 
10.52>| 


11.04 
ll.MJ^ 


ll.'27>| 


10.17^  30  20  Level 

10.20     15  15  

10.211^10...  Level 

10.23  15  15  Slight  d'n  gr'de 

10.24  75  

10.27  20  13 

10.28  !l0. 
10.293^:  5 
10.30 
10.31 


10 


10.39MI- 
10.41  |... 
10. 4434' 50 
IO.443I1  5 
10.49     ilO 


10.571^  50 
11.00  60 
11.02     110 


12 


2.5  10 
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27  ..., 

28  

27  

20    6 
14  .... 

14 

13 

I2I 

10 
10 


Level. 


Level. 


11.43 


P.  M 

12.0434 


11.163it,90 


11.213^20 


Dp  slight  grade 


15  On  sharp  curve 


[19 


3^19 
2'29j|  29'X 

21 26K 

228  26>| 
14 

16!243i  261^ 
10  2i3|-263^ 
10|203|263^ 
10 

9 

9117=^12634 
...  17KI26'4 


Started  from  Central  Station  A , 


Arriv'd  at  Main  Ch'rging  Sta.  B. 

Started  on  another  motor,  fully 
charged  with  compressed  air. 
Used  air  from  the  reserve  un- 
til IO.39I4,  and  then  started  to 
use  from  the  battery. 

Arrived  at  Station  A. 
Continued  run  on  same  car. 


14>^ 


263 


I...  ...  !  8  12 

...I '  8  12 

11.29     15  13  Level 10 

11.313^   5  17iUp  slight  grade    7 
II.33342O  15'Level 7 


11.3514  JO 

11.3634   5  ... 
11.38     10  20 


11.41 
11.413i 


'..  '15 

11. .513^    ?,15 

11.53      I5I 


11.57 
12.00 
12.02 
12.03 


'15 
10  12 


4 
.1  5 


26>^ 
26% 


On  switch. 

Arrived  at  Station  C. 
Continued  run  on  same  car. 
On  switch  wailing  for  other  car. 

Pressure  on  engines  at  starting 

43-2  kilos  per  sq.  cent. 
Pressure  on  engines  at  starring 

11  kilos  per  sq.  cent. 
Arrived  at  Station  A. 
Continued  run  <m  same  car. 
Pressure  on  engines  at  starting 

8  kilos  per  sq.  cent. 


Up  slight  grade 
and  on  curve! 


4,  63^  2634 


Level  curve- 


Level. 


10, 


5  173^ 

5 

fi 

12 

1214 

13 

12  123^ 

12 


22 


Slowed  up  on  switch. 

Reserve  thrown  in  for  a  short 

time  on  a  level  track. 
Arrived  at  Station  D.   Motor  re 
mains  at  this  station  to  be  re- 

1    charged. 

21  .Started  on  another  motor, 
.....  charged  at  D  to  two-thirds 
!    of  its  capacity. 


21 


12  11?^|  21    Arrived  at  station  A. 


(CONTINTJKD.) 
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Table  I— (Continued). 
Eecord  of  Mekarski  Air-Motors  at  Nantes. 
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12.16K 
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D    DtoA    1.39><; 


12.45}^ 
12.47 


12.59J^ 
1.07K 


1.20)1 


12.31 

11.31M 

12.35 

12.37H 

12.3834 

12.39 

12.40 


10 


!'240 


Level. 


12.48K 

12.5114 

12.55K 
12.57 


1.13 
1.16 


1.203^ 
1.24 


15. 
10  . 


Level. 


n% 


21    Continued  run  on  same  motor. 
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1.473^ 
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4.53)^ 

4.56 

4.56% 

4.593I 

5.03 


161 


15' Level 14i 

10 

18;  Level ;  3 

....i 3 

...  '  31  434 

...| 1  3,18 

20iLevel 7  .... 

...1 161.... 

20iLevel 181.... 

1 I2i:i5 

i20  Level 30  .... 

22  Level 29i... 

ISlLevel 27 


Arrived  at  the  main  station,  B, 
where  motor  is  re-charged. 

Started  on  another  motor  luUy 
charged  at  main  charging- 
station  B, 


Delayed  on  switch. 
Arrived  at  Station  A. 
Started  from  Station  A. 


Arrived  at  Station  C. 
Started  from  Station  C. 


Arrived  at  Station  A. 
Started  from  Station  A. 


lf>)^ 
20 


;27 


n% 


,.!18 
..'21 
..i23 
.122 
..|22 

56  llolLevel 16 

10  ll5'Level '14 

|14 


20 
5   12  Level. 

5 !....; 
10 


1234 


Slowed  down  for  a  short  time 
to  wait  for  cart  to  be  removed 
from  the  track. 

'>434'Reserve  used  at  starting. 

22H 

*  Reserve  used  on  level  track. 

Started  on  another  motor  ch'gd 
to  two-thirds  of  its  capacity 
at  supplementary  station  D. 
Only  4  kilos  per  sq.  cent,  on  en- 
I    gines  at  time  of  starting. 


'Only  6  kilos  persq.  cent. on  en- 

I    gines  at  starting. 

20    'Arrived  at  A.   Nearly  all  of  the 
pa.ssengers  left  the  car.therc- 

I    fore  record  was  not  continued. 

2134  Took  another  car  at  A. 


934 


2134  9  kilos  per  sq.  cent,  on  engines 

I    at  starting. 

21)4  5  l^'l"**  P^'''  ^'i-  ^^^^-  °"  PriK'iics 
1    at  starting. 


This  delay  is  not  included  in  the  time  expended  in  intermediate  stops. 
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Table  III. 

Becord  of  the  Mekarski  Air-Motors  at  Vincennes  and  Nogenf,  mar 

Paris. 

The  Motors  draw  a  car  on  the  main  line,  and  run  alone  on  the  branch  line. 
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80 
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44 

36% 

Motor  drawing  a  ear,  start- 
ing from  Station  D. 

8  kilos  persq.  et.  on  engines 
at  starting.  Reversing 
lever  last  notch  from 
center  for  20  sec,  and  on 
first  notch  afterwards. 

12.15.  Heavy  grade.  Reserve 
u.'^ed.  Went  up  the  hill 
slowly  with  Iti  kilos  per 
sq.  cent,  on  engines. 

Reversing  lever  in  2d  notch 
from  center. 

Only  3  kilos  per  sq.  cent,  on 

engines  at  starting. 
Longest  hill.    5  kilos  persq. 

cent,  constantly  on  brakes. 

irrivKrl   at  Stiitinn    A 

12.09 
12.12 

30 
10 

30 
40 

Up  slight  grade 

43 

21 

12.13 

*240 

Heavy  grade... 

100 
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Slight  d'ngr'de 
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Down  grade 
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13^1  rnntiii'fl  run  An  vnmpmnti-ip  1 
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25 

30 

Slight  up  grade 

6  kilos  per  sq.  cent,  on  en- 
gines at  starting. 

Arrived  at  E.     Motor   dis-  i 
connected  from  car  and  run 
into  station  to  be  charged. 

Started  on  anotlicr  motor, 
drawing  a  car. 

U  kilos  peisq.  ct.  oncn-rines 
at  starting,'.  KcviTs'f,'  lever 
in  last  notch  fr'iii  ecnt'rfor 
10  sec.  and  in  first  10  sec. 

10  kilos  per  sq.  cent,  on  en- 
gines Reversing  lever  in 
1st  notch  from  center. 

Arrived  at  B. 

12.41% 
1.12J^ 

1.23 

12.37 
12.38 
12.41 

44 

25J^ 



■7% 

15 
10 

30 
45 

Slight  up  grade 

40 
40 
40 

75 

39 

29% 

1.17 

55 

20 

75 

1.18 
1.21 

5 

20 

Down  grade 

Up   grade  and 
on  acu^^'e 

70 

70 

70 

39 

14 

(CONTI.NUED.) 

This  delay  is  not  included  in  the  time  expended  in  intermediate  stoi>s. 
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Table  IIT. — (Continued.) 
Record  of  Mekarski  Air-Motors  at  Vincennes. 
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1.39>^. 


Etc  A 


AtoC 


CtoA 


AtoD 


P.M. 


P.M. 


1.30 

1.32 

1.33 

1.33^ 

1.36 

1.37 


1.44»^ 


1.55 
2.37  J^ 


3.25 
3.371^ 


1.47 
1.50 


1.51 


2.40 
2.42 
2.43 
2.45 


25   Slight  up  gr'de. 
20   Slight  up  gr'de. 


20 


1039 

121 

15 

201 

201 

25! 

25  33 
25  29>^ 


4043 


35 


39 


50 

50  39 


iDown  hill 45,41 


Downhill i44  . 

42. 
41, 
40 


Slight  d'n  gr'de 
Level 


3.17 
3.18 
3.20 
3.21 


3.393^ 


3.40 
3.41 


3.59 


3.42 

3.45^ 

3.46 

3.48 

8.53 


15   Level. 


14 


Returned  from  B. 


Reserve  thrown  in. 


Arrived  at  E.  Motor  discon- 
nected from  car  and  run  into 
the  station  to  be  charged. 
413^  Took  another  motor,  drawing 
a  car.  Started  by  using  air 
from  reserve,  and  "afterwards 
changed    over  to  batterv. 

1.48P.M.  Going  up  hill.  10  k. 
on  engine,  lever  in  2d  notch 
from  center. 

Thi.s  motor  went  on  to  Vin- 
cennes. 


Started  on  a  motor  that  came 
from  E  without  draw'g  a  car. 
Did  not  draw  car  on  branch 
line. 


27 


Up  longest  hill. 


Up  longest  hill. 


20 


25 


10 


Up  longest  hiH. 
Slight  up  grade 


40, 40?^, 26^4  Arrived  at  C. 

21  40?^,  26>^  Returned  on  same  motor  to  A. 

36       ■ 

36 

37 

38 

38    36     15 

70   41     25 


37 


30 


Down  grade 

Short  up  grade  75 

Down  grade 75 

70   38 

Level 65 

65  33?i|  6% 


Arrived  at  A.    Motor  ret'd  to  E. 

Motor  drawing  car.  When  gr'de 
was  reached,  air-pressure  of 
16  k.  pef  sq.  ct.  was  used,  and 
the  lever  was   at  '_'d  notch. 

14  k.  on  engine,  rev.  lever  in  2d 
notch  ;  motor  going  about  as 
fa.stas  a  horse  in  a  slow  walk. 

Nearly  at  the  top  of  the  grade 
when  this  stop  was  made.  It 
required  S  k.  per  sq.  cent,  on 
the  brakes  to  hold  the  train 
from  starting  backw'd  down 
the  hill. 


Arrived  at  D. 


*  This  delay  is  not  included  in  the  time  expended  in  intermediate  stops. 
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Table  IV. 
Totals  and  Averages  of  the  Records  given  in  Table  III. 


Total  distance  run  in  the  round  trip 

Total  number  of  stops  made 

Number  of  times  that  the  motor  is   charged  to  make  a 
round  trip 

Average  number  of  passengers,  approximate 

Time  to  make  run,  including  all  stops  except  at  the  main 
stations  and  two  delays  mentioned  in  Tables  I.  and  III 

Time,  excluding  all  stops 

Miles  traveled  per  hour,  including  stops 

"  "  "       "     excluding  stops 


Motor  drawing 
a  car  on  the 
main  line 
D  AEB. 


11.9  miles. 
22 

3 

59 

83  m.  1,5  s. 
77  m.    5  s. 

8.58 

9.26 


Motor  alone  on 
the  branch 
line  A  B. 


2.68*  miles. 
8 

1 
38 

IS  m.  15  s 

15  m.    5  s. 

8.81 

10.65 


NOTES  ON  THE  PBOQBESS  OF  MINING  IN  CHINA. 


BY  ELLIS  CLARK,  PHILADELPHIA,  PA. 


(New  York  Meeting,  September,  1890.) 


Within  the  last  ten  years  the  progressive  party  of  China,  headed 
by  Li  Hung  Chang,  the  Viceroy  of  Chi-Li,  has  been  making  great 
efforts  to  develop  the  mining  resonrces  of  that  country,  and  particu- 
larly those  that  are  within  reasonable  distances  of  the  sea-board.  At- 
tention was  first  paid  to  the  coal-deposits,  especially  those  at  Kai- 
Ping,  which  have  been  placed  on  a  profitable  basis  with  an  output 
of  1500  tons  per  day,  under  the  energetic  management  of  Mr. 
Claude  Kinder,  M.I,C.E.,  and  the  successful  financiering  of  Tong 
King  Sing.  These  coal-mines  were  described  in  a  report  by  Kwong 
Yung  Kwang,  edited  as  a  paper  for  the  Institute  {Trans.,  xvi.,  95.) 

The  attention  of  the  leaders  of  the  progressive  party  has  for  the 
past  five  years  been  turned  also  toward  the  development  of  the 
precious  and  related   metals — gold,  silver,  copper  and  lead.     De- 


*This  single  motor  runs,  in  addition  to  this  length  of  2.68  miles,  the  double  dis 
tance  of  A  from  E,  which  distance  I  do  not  know,  but  should  judge  it  to  Ije  about 
lA  miles — so  that  the  total  distance  run  by  tiie  motor  without  re-charging  is  about 
2.68  +  2X1^=  5.68  miles. 
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Fig. 1. 
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posits  of  the  ores  of  these  metals  are  found  at  Chi-Chao,  on  tlie 
Yang-Tsze-Kiang,  shown  on  the  accompanying  map,  Fig.  1  ;  in  the 
Shantung  promontory,  at  Ning-Hai,  Ping-Tn  and  Chao-Yiien  ;  in 
the  Ping-Chuan-Chao  district,  the  Je-Sliui  district,  and  the  Je-Hol 
district,  the  latter  including  the  silver-lead  mines  of  Yen-Tung- 
Shan  and  Ku-Shan-Tzu.  The  writer  has  visited  all  of  these  places 
professionally. 

Chi-Chao  District  on  the  Yang-Tsze-Kiang. 

This  district  is  reached  by  travelling  300  miles  up  the  Yang-Tsze 
river  on  one  of  the  well-appointed  steamers  running  between 
Shanghai  and  Hankow,  and  taking  a  house-boat  at  Chi-Chao  to 
Lao-Pao-Chi,  where  the  offices  and  sulphuric  acid  works  are  situ- 
ated. The  mines  are  20  miles  distant,  and  can  be  reached  either 
by  trail  or  Bamboo  raft.  The  Chinese  company  has  worked  and 
partially  developed  several  deposits,  the  principal  of  which  are  the 
Tsu-Hung-Tung  pyrites-deposit,  the  Nao-Lung-Ching  hematite  de- 
posit, and  the  lead-zinc  vein  at  Tung-Chi-Lung. 

Tsu-Hung-Timg — The  first  of  these  (Fig.  2)  is  the  most  interest- 
ing of  the  series  and  consists  of  a  lenticular  deposit  of  copper  and 
iron-pyrites,  oxide  of  iron  and  a  little  galena,  developed  to  a  length 
of  80  feet,  a  thickness  of  5  to  12  feet,  and  a  depth  of  40  hei.  The 
ore  as  sampled  by  the  writer  in  zones  of  10  feet  gave  : 


No. 


1 

2 
3 
4 
5 

5a 
6 
7 
8 
9 
10 


Character  of  the  Ore. 


Red  oxide  of  iron,  pyrites,  galena  in  speck; 

Oxidized  pyrites,  a  little  galena 

Micaceous  iron  and  pyrites 

Red  oxide  of  iron 

Red  oxide  of  iron,  galena,  pyrites 

Greenish  pyrites 

Pyrites  and  red  oxide  of  iron 

Red  oxide  of  iron  and  pyrites 

White  pyrites 

Pyrites 

Pyrites  and  galena  in  specks 


Copper, 
Per  cent. 


7.32 
7.03 
2.2J 
0.56 
1.69 
13.23 
4.22 
0.81 
5.07 
7.88 
8.44 


The  deposit  has  a  strike  nearly  east  and  west  with  a  dip  to  north- 
ward of  70  degrees.  /■ 
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At  the  time  of  tlie  writer's  visit  no  copper  in  quantity  liad  ever 
been  made  from  the  ore,  the  opening  having  been  made  years  before 
for  the  purpose  of  distilling  sulpliur  from  the  j)yrites.  Some  ore 
was  then  shipped  to  the  sulphuric  acid  works  of  Major  Brotliers, 
Limited,  at  Shanghai,  the  acid-works  at  Lao-Pao-Clii  having  ceased 
operations,  but  after  an  extended  trial  it  was  found  that  tiie  ore  con- 
tained too  much  arsenic  for  the  profitable  manufacture  of  sulphuric 
acid.  The  Evertson  shaft,  shown  at  the  eastern  end  of  the  working, 
has  been  sunk  under  and  parallel  to  the  vein  -,  it  is  70  feet  deep  and 
terminates  in  a  rich  brown  oxide  of  iron  containing  traces  onl}^  of 
copper. 

Nao-Lung-Cliing. — Tiie  iron-deposit  of  Nao-Lung-Ching  is  about 
two  miles  nortliwest  of  Tsu-Hung-Tung.  Tiie  ore  consists  of  hema- 
tite which  has  been  probably  derived  from  pyrites,  as  specks  of  this 
material  can  be  seen  by  careful  inspection.  The  deposit  has  been 
opened  by  four  su[)erficial  shafts  at  distances  of  75  feet,  and  although 
the  grow^th  of  weeds  and  creepers  prevent  the  exact  location  of  its 
boundaries  from  being  ascertained,  it  is  probably  400  feet  long,  with 
a  width  of  30  feet.  The  sulj>lmr  in  this  ore  will  probably  prevent 
its  use  for  the  manufacture  of  iron. 

Tung- Chi- Lung. — The  lead-zinc  opening  of  the  Tung-Chi-Lung 
is  situated  27  miles  southeast  of  Tsu-Hung-Tung.  It  consists  of 
a  heavily  mineralized  fissure-vein  between  blue-gniy  slate  walls, 
having  an  east  and  west  strike  and  an  almost  perpendicular  dip.  In 
the  shaft,  which  at  the  time  of  the  writer's  visit  was  11  feet  deep, 
the  foot- wall  was  shown,  but  the  hanging- wall  had  not  been  cut. 
Resting  on  the  foot-wall  are  1  foot  6  inches  of  zinc-blende  and 
gangue,  followed  by  2  feet  of  copper-  and  iron-pyrites  and  blende, 
and  4  feet  of  galena,  blende  and  gangue.  An  average  sample 
across  the  vein  gave  3.6  per  cent,  lead  and  1  ounce  of  silver  per  ton. 
A  sample  of  galena  and  blende  taken  from  a  pile  of  10  tons  gave 
18.5  per  cent,  lead,  and  6  ounces  of  silver. 

There  are  several  coal  openings  in  the  neighborhood  of  Lao-Pao- 
Chi  which  supply  a  rather  poor,  soft  coal  for  the  local  blacksmith- 
consumption  and  the  junk-freighters  who  carry  it  up  and  down  the 
Yang-Tsze-Kiang. 

A  rather  peculiar  occurrence  of  coal  is  found  at  an  opening  3 
miles  east  of  Tsu-Hung-Tung,  on  the  side  of  a  limestone  mountain, 
in  an  ahnost  inaccessible  position,  about  500  feet  above  the  valley. 
The  peculiarity  of  this  wavy  and  contorted  seam  is  its  occurrence  in 
limestone.     The  mine  is  entered  by  a  low,  narrow,  tortuous  gang- 
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way  with  a  slope  of  30  degrees,  which  is  that  of  the  coal-bed  and 
the  limestone.  The  opening  extends  for  150  feet,  and  in  this  length 
the  coal-bed  has  been  crumpled  into  irregular  lenses,  varying  in  thick- 
ness from  6  inches  to  4  feet.  The  coal  is  a  compact,  glistening  semi- 
anthracite,  rather  high  in  ash  and  very  much  broken  up  by  pressure 
into  nodules  and  fine  coal.  The  roof  and  floor  are  both  limestone, 
the  usual  fire-clay  being  entirely  absent.  The  seam  is  probably  too 
irregular  and  too  much  broken  to  be  economically  worked  on  a  large 
scale,  but  when  the  coal  is  ignited,  which  is  a  matter  of  some  diffi- 
culty, it  burns  well  in  an  ordinary  stove. 

Mr.  J.  C.  F.  Randolph,  a  member  of  the  Institute,  has  analyzed 
a  sample  of  this  coal,  but  at  the  time  of  his  visit  to  China  in  1885 
he  did  not  personally  examine  the  opening  from  which  it  was  taken. 
He  gives  for  the  composition:* 

Per  cent. 
Moisture  and  volatile  Combustible,    .         .         .         .         .         .     16  5 

Fixed  Carbon, 72.5 

Ash, 11.0 

The  Shantun-g  Promontory. 

This  promontory,  in  which  the  Shantung  mining-district  is  situ- 
ated, is  about  450  miles  north  of  Shanghai  (Fig.  1).  The  three 
points  at  which  most  of  the  work  has  been  concentrated  are  Ning- 
Hai,  Ping-Tu  and  Chao-Yuen. 

The  Ning-Hai  Gold  District. — This  district  lies  30  miles  south- 
east of  the  treaty-port  of  Chifu.  Supplies  and  heavy  articles  are 
taken  to  the  mines  from  the  steamer  anchorage  near  Ning-Hai  city, 
15  miles  distant.  The  geological  formation  of  the  district  consists 
of  granite,  gneiss  and  mica-slates,  with  occasional  interbedded  de- 
})osits  of  white  crystalline  marble  and  extensive  quartzite  ledges, 
which  mark  out  some  of  the  most  prominent  topographical  features 
of  the  country.  vSuch  a  ledge  forms  the  backbone  of  the  Chin-Niu- 
Shan,  or  Mountain  of  the  Golden  Cattle,  which  is  about  15,000  feet 
long.  By  reference  to  the  map.  Fig.  3,  it  will  be  seen  that  this 
quartz-ledge  rises  out  of  a  plain  to  the  south  400  feet  above  sea- 
level,  and  forms  a  series  of  cone-shaped  hills  whose  summits 
reach  an  elevation  of  500  to  800  feet  above  the  sea,  while  the  gorges 
between  them  cut  down  nearly  to  the  level  of  the  plain.  A  tunnel 
has  been  oj)ened  on  the  ledge  at  the  point  shown  on  the  map.  Its 
course  is  south  for  200  feet,  cutting  through  the  quartz  ledges,  of 

*  Tranxadinns  XV.,  112. 
VOL.  XIX.— 37 
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wliicli  there  are  tAvo  at  this  point,  and  lliroiigh  the  interlying 
granite  and  white  kaolin  selvages.  The  voin-quartz  is  hard,  and 
white  to  yellow  in  color  ;  the  snlphurets  it  contains  are  some- 
times cubical  crystals  of  pyrites  and  sometimes  massive,  forming 
pockets  in  the  quartz.  In  its  length  the  ledge  shows  a  thickness 
varying  from  10  to  80  feet ;  it  is  gold-bearing  along  its  entire  out- 
crop. 

Besides  the  tunnel,  extensive  prospecting  has  been  done  along  tiie 
whole  length  of  the  ledge,  both  recently  under  European  direction 
and  by  the  Chinese  in  olden  times.  The  writer  took  and  as-^ayed 
twenty-five  samples  from  this  large  deposit,  which  ran  from  77  cents 
to  5.85  dollars  per  ton.  One  assay  of  selected  quartz  from  a  pocket 
gave  24.75  dollars ;  the  average  of  ten  samples  from  the  tiinnel  is 
1.55  dollars  ;  the  average  of  thirteen  samples  from  the  outcrop  is 
2.19  dollars;  and  the  general  average  of  all  the  samples  is  1.87  dol- 
lars per  ton,  which  is  too  low  to  warrant  the  erection  of  any  but  ex- 
perimental works.  The  plant  on  the  ground  consists  of  two  3-foot 
Huntington  mills  and  two  Frue  vanners. 

The  P'mg-Tu  Gold  District. — The  Ping-Tu  group  of  mines  is  situ- 
ated in  the  western  part  of  the  Shantung  promontory,  30  miles  from 
a  steamer-anchorage  and  45  miles  southwest  of  the  Chao- Yuen  group 
of  mines.  The  immediate  geological  formation  is  gneiss,  which,  at 
a  distance  of  10  miles  north  and  south  of  Ping-Tu,  is  cut  by  zones 
of  highly  metamorphosed  limestone.  The  local  topography  is  shown 
on  Fig.  4.  The  two  hills  which  rise  to  the  height  of  220  feet  above 
the  shaft-house  are  composed  of  distinctly  bedded  yellowish  gneiss 
striking  east  and  west,  and  intersecting  the  course  of  the  vein,  wliich 
is  northeast  and  southwest,  Fig.  5.  This  leads  to  the  belief  that  the 
Phig-Tu  deposit  is  a  true  fif^sure-vein,  one  of  the  few  that  occur  in 
eastern  China,  and  this  theory  receives  further  support  from  finding 
breccia  in  the  vein-matter. 

The  mines  have  been  worked  by  the  Chinese  for  a  number  of 
years.  Under  European  auspices  and  the  superintendence  of  Mr. 
H.  M.  Beecher,  of  England,  the  systematic  development  of  the  mine 
at  Ping-Tu  was  begun  in  1886,  and  a  twenty-stamp  mill  made  by 
the  Union  Iron  Works,  of  San  Francisco,  with  eight  Frue  vanners- 
and  eight  Hendy  concentrators,  was  erected.  After  the  mill  was  in 
operation,  the  hoisting-arrangements  were  found  inadequate  to  keep- 
it  supplied  with  ore,  and  a  new  fifty-thousand-dollar  hoisting-plant,, 
with  Ingersoll  rock-drills,  was  erected  under  the  superintendence  of 
Colonel  Ellsworth,  of  San  Francisco. 
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The  upper  portion  of  the  vein  was  quite  rich.  The  writer  was 
informed  that  the  first  clean-up  amounted  to  $10,000.  When  in  full 
operation  the  mine  had  a  staff  of  twelve  Americans,  a  very  large 
Chinese  clerical  force,  with  its  numerous  servants,  and  the  usual 
crowded  labor  underground  and  on  the  surface.  As  the  mine  in- 
creased in  depth,  the  ore  carried  less  free  gold  and  more  sulphurets, 
and  the  amount  of  amalgam  that  could  be  scraped  from  the  plates 
rapidly  decreased.  The  foreign  employees,  always  more  or  less  dis- 
satisfied with  an  unprofitable  mine,  gradually  left,  and  their  places 
were  filled  with  Chinese  who  had  but  imperfect  knowledge  of  amal- 
gamation and  the  general  working  of  a  stamp-mill.  In  the  fall  of 
1889  supplies  fell  short,  and,  with  the  failure  to  receive  coal,  the 
mine-pumps  were  stopped,  and  the  workings  allowed  to  fill  with 
water. 

The  vein  varies  in  width  from  4  to  10  feet,  and  consists  of  quartz 
mineralized  in  the  upper  levels  with  carbonate  of  iron,  and  in  depth 


Fig.  5. 
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Northwest 


Section  Northwest  &  Southeast.    PING  TU  SHAFT        ^^^t-^„  Northeast  &  Southwest. 
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with  pyrites,  some  galena  and  a  little  copper-pyrites.  In  two  years 
the  product  of  the  mill,  with  its  sixteen  concentrators,  amounted  to 
1500  tons  of  concentrates,  samj)les  of  which,  taken  from  different 
parts  of  the  pile,  assayed  as  follows : 

.  Concentrates  from  Plng-Tu. 


No. 

Gold, 
Ounces  per  ton. 

Silver, 
Ounces  per  ton. 

Total  Dollars 
per  ton. 

1 

1.4 

2.15 

31.09 

2 

0.75 

1.70 

17.20 

3 

0.95 

2.40 

22.03 

4 

2.00 

5.30 

46.64 

5 

3.20 

4.80 

70.94 

6 

2.70 

2.30 

58.11 

7 

1.30 

1.90 

28.77 

A  sample  taken  by  the  writer  as  an  average  of  the  pile  of  1500 
tons,  assayed  gold,  36.31  dollars;  silver,  2.94  dollars;  total,  39.25 
dollars  per  ton.  A  small  chlorination-works,  furnished  with  one 
reverberatory  Fortschaufelungsofen,  one  chlorine-generator,  and  two 
chlorinating  and  precipitating  vats  has  been  erected.  Its  daily 
capacity  is  1  ton,  and  about  100  tons  of  ore  have  been  treated;  but 
the  process,  though  at  first  conducted  under  European  supervision, 
was  not  a  success,  as  the  residues  contained  26.87  dollars  in  gold  and 
10.70  dollars  in  silver  per  ton,  so  that  if  the  richest  concentrates — 
sample  5  of  the  a.ssay,  for  example — were  treated,  about  half  the 
precious  metals  would  be  left  in  the  residues.  It  is  possible  that  the 
comparative  coarseness  of  the  concentrates  and  the  low  fineness  of  the 
gold,  and  large  proportion  of  silver  may  be  responsible  for  this  failure, 
as  according  to  YAS,?\ev  [Metallurgy  of  Gold,  p.  174),  "gold  of  very  low 
fineness,  containing  40  to  50  per  cent,  silver,  will  probably  resist  the 
chlorination,  unless  it  is  in  the  finest  .estate  of  pulverization,  as  the 
silver  forms  an  impenetrable  coating  of  chloride  of  silver  which  can 
be- dis.solved  only  by  a  chlorinated  solution  of  salt,  which  dis.solves 
the  chloride  of  silver  and  also  that  of  gold." 

The  Ping-Tu  mine  is  probably  better  equipped  than  any  other 
metal-mine  in  North  China;  besides  the  fine  hoisting- works  and 
pumping-machinery,  it  has  an  18-inch  tramway,  1600  feet  long, 
running  to  the  mill,  a  well-appointed  assay-office,  with  a  quicksilver 
retort,  pum})ing-machinery  for  the  stamp-heads,  and  a  ditch  supply- 
ing water  to  the  concentrators;  a  dynamite  factory,  with  a  capacity 
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of  600  pounds  per  day  and  a  foreign  two-storied  house  with  glass 
windows  and  board  floors,  which  is  a  structure  rarely  met  with  in 
China  outside  the  treaty-ports  and  missionary-stations. 


NOTES   ON  THE   PROGRESS   OF   MINING   IN   CHINA.  583 

The  Chao-Yuen  Gold  District. — This  district  is  situated  25  miles 
from  the  steamer  anchorage  of  Hung-Kou  and  18  miles  from  the 
large  town  of  Huang-flsien.  The  topography,  as  revealed  in  Fig. 
6,  is  extremely  rugged.  The  granite  flanks  of  the  Lo-Shan  range 
rise  out  of  the  great  Shantung  plain,  which,  from  an  elevation  of  500 
feet  at  tiie  base  of  the  range,  stretches  away  to  the  north  and  south 
in  gradual  descent  to  the  sea.  The  rise  of  the  range  is  rapid,  the 
culminating  points,  within  a  few  miles  of  the  base,  being  the  Lo- 
Shan,  at  2610  feet,  and  the  Ying- Wan-Shan,  at  2230  feet.  The 
bedding  of  the  granite  has  a  general  strike  of  N.  45  E.,  and  the 
quartz  ledges  which  are  all  apparently  .bed-veins,  take  the  same  gen- 
eral trend,  ranging  from  N.  30  E.  to  east.  No  regular  mining  has 
been  done,  although  prospecting  has  been  carried  on  extensively. 
The  best-develoj)ed  ledges  are  the  Ling- Lung-Shan,  the  Hung-Chin, 
and  the  Hei-Shi-Yeh-Ting.  Ling-Lung-Shan  is  a  large  quartz-ledge 
varying  in  width  from  50  to  75  feet  with  an  east-and-west  course 
and  a  dip  of  80°  to  the  north.  About  400  feet  from  the  bed  of  the 
stream  this  ledge  is  faulted  and  thrown  100  feet  to  the  northward. 
From  the  valley  a  tunnel  has  been  driven  for  75  feet  through  white 
and  red  quartz  containing  pyrites.  Assays  of  two  samples  from  the 
tunnel  gave  1.08  and  1.38  dollars  in  gold  per  ton.  Near  the  crest 
of  Ling-Lung-Shan  the  ancient  Chinese  have  done  a  large  amount 
of  work.  In  some  places  the  rock  has  been  quarried  ;  in  others 
they  have  followed  a  streak  of  ore  from  2  to  3  feet  wide  for  distances 
of  some  hundred  feet;  and  in  another  they  have  made  an  immense 
underground  working  100  feet  long  by  50  feet  wide,  and  with  an 
arched  roof  standing  insecurely  30  feet  above.  Near  by  there  are 
other  places  that  were  probably  such  cavern-workings,  but  as  they 
have  now  fallen  in  they  are  inaccessible;  1500  feet  west  of  the  tun- 
nel is  the  Huno:-Chin  series  of  ledtjes,  bonlering  each  side  of  a  nar- 
row  ravine,  through  which  a  stream  of  water  flows.  On  the  east 
side  a  well-developed  ledge  of  snowy  white  quartz  6  to  8  feet  wide 
and  nearly  perpendicular  has  been  o})ened.  Several  assays  yielded 
1.28,  3.35,  and  4.43  dollars  per  ton.  A  continuation  of  this  ledge 
on  the  west  side  of  the  ravine,  known  as  Yu-Tzu-Tien,  shows  about 
the  same  characteristics  and  an  assay- value  of  4.43  dollars  per  ton. 
Between  these  two  openings  is  a  vein,  differing  from  the  first  ledge 
slightly  in  its  course,  materially  in  its  dij),  and  decidedly  in  the  char- 
acter of  its  ore.  It  consists  of  about  18  inches  of  massive  white 
pyrites  with  a  little  quartz,  assaying  8.10  dollars;  and  below  this  a 
talco.se  rock  2  to  3  feet  thick,  assaying  27.77  dollars. 
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Ma-Ting  lies  one  mile  east  of  the  tunnel  and  consi.sts  of  openings 
in  two  parallel  ledges  of  quartz,  respectively  2  and  8  feet  thick  and 
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separated  by  a  horse  of  granite  5  feet  tliick.  These  ledges  strike  east 
and  west,  and  have  a  perpendicular  dip.  One  assay  gave  15.17  dol- 
lars per  ton. 

The  average  of  19  gold-ore  samples  taken  from  prospect-holes  of 
this  district  is  5.86  dollars;  and  the  average  of  10  samples,  contain- 
ing over  2.50  dollars,  is  9.79  dollars,  or  nearly  half  an  ounce  to  the 
ton.  This  is  well  within  the  working-limit,  as  the  other  surround- 
ings are  favorable.  The  location  has  sufficient  water;  an  abundant 
and  cheap  fuel-supply  is  assured  from  hills  thickly  clad  with  pine, 
and  a  passable  cart-road  connects  the  mines  with  the  sea-coast,  25 
miles  distant,  affording  easy  transportation  for  machinery  and,  if 
necessary,  for  mineral-fuel.  In  the  writer's  opinion,  these  condi- 
tions make  the  Chao-Yuen  region  one  of  the  most  promising  he  has 
•visited  in  China. 

The  Mongolia  Mining-Region. 

About  100  miles  northeast  of  Peking  and  80  miles  from  the  coast 
is  the  Mongolian  mining-region,  indicated  on  Fig.  1  as  a  shaded 
square.  It  comprises  several  distinct  districts,  which  are  shown 
in  more  detail  on  the  writer's  route-map,  Fig.  7. 

The  Jc-Hol  Silver-Lead  District. 

Yen-Tung-SJian. — These  mines,  whose  location  is  indicated  in  the 
northwestern  part  of  the  route-map.  Fig.  7,  together  with  those  at 
Lo-To-Po-Tzu  and  Ku-Shan-Tzu,  constitute  the  Je-Hol  mining- 
district,  which  was  opened  in  December,  1887,  with  capital  supplied 
by  the  Viceroy  Li  Hung  Chang,  under  the  direction  of  Prof  John 
A.  Church,  a  member  of  this  Institute.  The  mines  had  previously 
been  worked  by  the  Cliinese,  so  that  the  entire  outcrop  of  the  vein 
at  Yen-Tung-Shan  is  burrowed  by  their  tortuous  workings  (Fig. 
8),  which  in  many  places,  however,  have  caved  and  are  inac- 
cessible. 

The  two  formations  of  the  district  are  limestone  and  a  series  of 
rocks  called  by  Von  Richthofen  the  Sinian  schists.  These  schists 
consist  of  gneiss,  mica-slates,  and  highly-metamorphosed  shales,  occa- 
sionally interbedded  with  granite  and  syenite.  In  some  places  the 
Yen-Tung-Shan  limestones 'are  highly  metamorphosed,  exhibiting 
a  somewhat  porphyritic  appearance,  but  in  other  places  they  have  a 
slaty  cleavage.  Yen-Tung-Shan  appears  to  have  been  formed  by 
the  upheaval  of  these  slates,  and  the  boundary  between  them  and 
the  schists  is  shown  on  the  map  (Fig.  8)  by  a  dotted  line  running 
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into  the  deep  valleys  and  along  the  hog-backs,  but  keeping  to  a  gen- 
eral trend  a  little  north  of  east.  The  vein,  as  shown  by  the  Chinese 
openings,  has  an  east-and-west  strike  and  a  north  dip  of  from  50° 
to  75°,  and  is  entirely  in  the  limestone  slates,  no  ore  having  been 
found  in  the  schists.  Besides  the  main  vein,  there  are  a  number  of 
bed-veins  lying  to  the  north  at  a  distance  of  from  500  to  1600  feet, 
and  having  a  northerly  dip  of  10°  to  15°  from  the  horizontal. 
These  flat  veins,  being  interbedded  in  the  strata  of  limestone,  appear 
to  be  leaders  from  the  main  vein  which  have  found  their  way  between 
the  stratitication-planes  of  the  limestone  during  or  after  their  up- 
heaval. 

After  reaching  depths  of  100  to  150  feet,  at  Yen-Tung-Shang, 
the  Chinese  experience  great  difficulty  from  water  as  the  workings 
in  the  vein  extend  over  4800  feet,  and  in  this  great  length  intercept 
the  water-shed  of  half  the  mountain,  so  that  in  the  rainy  season, 
during  July  and  August,  the  workings  in  the  west  and  lower  end  of 
the  vein  are  invariably  drowned  out. 

Under  the  supervision  of  Mr.  H.  F.  Dawes  a  three-compartment 
shaft,  12  by  4  feet,  was  sunk  to  a  depth  of  215  feet  near  the  west 
end  of  the  vein  and  gangways  were  driven.  At  the  100-foot  level 
a  gangway  was  driven  eastward  for  a  distance  of  337  feet  under 
the  old  Chinese  workings.  At  the  200-foot  level  gangways  were 
driven  22  feet  to  the  east  and  37  feet  to  the  west.  The  vein- 
matter  is  3  feet  wide  on  the  100-foot  level,  but  diminishes  to  18 
inches  in  the  west  end  of  the  200-foot  level,  and  pinches  out  to  a 
mere  streak  in  the  east  end  of  the  same.  In  the  3  feet  of  vein-mate- 
rial there  is  a  pay-streak  which  has  no  regular  position,  being  found 
sometimes  close  to  the  hanging-wall,  sometimes  on  the  foot-wall, 
and  sometimes  in  intermediate  portions.  This  pay-streak  varies 
from  one-half  to  two  inches  in  width ;  it  may  consist  of  zinc-blende,  in 
which  case  it  contains  about  23  per  cent,  of  zinc  and  from  12  to  18 
ounces  of  silver  per  ton  ;  or  it  may  be  galena,  which  will  run  from 
300  to  500  ounces  of  silver  per  ton.  There  seems  to  be  no  regu- 
larity in  these  changes,  and  nothing  in  the  nature  of  the  rock  that 
will  indicate  them.  Tiie  ore  mined  by  the  Chinese  carries  28  to  57 
per  cent,  of  lead  and  54  to  300  ounces  of  silver  per  ton.  Washings 
from  waste-ore  carry  little  or  no  lead,  but  16  to  80  ounces  of  silver. 

The  smelting  at  Yen-Tung-Shan  is  still  carried  on  in  the  Chinese 
way,  an  account  of  which  may  be  found  interesting.  This  metal- 
lurgical process  consists  of  three  operations — roasting,  smelting  with 
litharge  to  concentrate  the  silver  in  a  bar  of  lead,  and  cupelling  this 
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bar  of  lead  for  silver.  .  The  roasting  is  done  in  an  open  heap,  the 
ore  being  kept  in  place  by  loosely  piled  adobes.  A  comparatively 
high  heat  is  produced,  which  results  in  driving  off  a  portion  only 
of  the  sulphur  and  melting  the  remaining  sulphuret  of  lead  into  a 
matte.  The  smelting  is  performed  in  two  low  crucible- furnaces 
built  of  clay,  2  feet  6  inches  high,  12  inches  inside  diameter  at  the 
top  and  18  inches  at  the  bottom.  The  blast  is  supplied  by  a  Feng 
hsiang,  or  wind-box,  worked  by  two  men.  The  furnace-charge  is 
made  up  of  two  piculs*  of  roasted  ore,  one  picul  of  rich  silver-slag 
from  a  former  operation,  and  sixty  cattiesf  of  litharge  either  pur- 
chased or  obtained  from  a  previous  cupel lation.  The  product  of 
one  operation  is  only  fifty-eight  catties  of  silver-lead,  as  a  large  por- 
tion of  the  lead  and  a  considerable  percentage  of  the  silver  go  off  in 
heavy  clouds  of  smoke.  The  cupellation,  though  performed  on 
small  quantities  and  being  extravagant  in  fuel,  is  an  exceedingly 
neat  operation — an  oblong  pile  of  slightly  moistened  wood-ash,  2 
feet  long,  18  inches  wide  and  9  inches  high,  is  made,  and  the  test 
cut  out  with  a  hoop  and  pressed  down  with  the  foot.  Twenty 
catties  of  lead  are  placed  in  the  test,  and  half-bricks  laid  at  intervals 
along  the  edge  with  adobes  covering  them  and  the  test,  thus  form- 
ing a  muffle.  A  cone  of  charcoal  is  then  built  over  the  muffle,  and 
this  charcoal  is  used  as  the  centering  of  a  dome,  built  of  mud  and 
straw,  which  is  plastered  on  the  charcoal  till  it  has  a  thickness  of  2 
inches.  The  charcoal  is  then  ignited  ;  the  lead  oxidizes  into  litharge 
and  is  absorbed  by  the  test,  while  more  lead  is  added  througii  the 
front  opening;  fresh  charcoal  is  also  added  through  a  hole  in  the 
top  of  the  dome,  and  after  eight  hours  the  silver  brightens  and  the 
cupellation  is  complete.  The  two  operations  of  smelting  and  cupella- 
tion consumed  200  catties  of  ore,  100  catties  of  rich  slag  and  60 
catties  of  litharge,  and  yielded  58  catties  of  lead  containing  31  taels 
or  41  ounces  of  silver. 

Ku-Slian-Tzu. — The  Ku-Shan-Tzu  silver-lead  mines  lie  about 
7  miles  east  of  Yen-Tung-Shan  (Fig.  7),  and  being  the  head- 
quarters of  the  Je-Hol  Mining  Company  they  have  been  very  vigor- 
ously pushed.  A  remarkable  amount  of  work  had  been  accom- 
plished by  the  Chinese  prior  to  the  arrival  of  the  American  staff. 
About  250  men  were  employed  in  mining,  washing  and  smelt- 
ing the  ore.     The  mines  are  situated  at  a  barometric  elevation  of 


One  picnl  equals  133J  pounds  avoirdupois. 

One  catty  equals  0.01  picul,  or  IJ  pounds  avoirdupois. 
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2500  feet,  on  the  flanks  of  one  of  the  hills  which  bound  the  sides 
of  an  open,  gently  ascending  valley  and  rise  to  a  height  of  2900 
feet. 

The  formation  in  which  the  mines  occur  is  a  hard,  grayish-white 
limestone,  bounded  on  the  f^outh  and  east  by  the  Sinian  schists. 
The  vein  cuts  through  the  limestone  stratum,  presenting  a  nearly 
parallel  strike  with  it,  east  and  west,  but  diverging  considerably  in 
its  dip  which  varies  from  50  to  70  degrees  to  the  north.  The 
width  of  the  vein  varies  from  2  to  ]2  feet,  though  its  normal  widtii 
is  about  3  to  4  feet.  It  is  difficult  to  speak  precisely  of  its  average 
value,  as  it  is  rather  pockety  and  varies  considerably  in  ciiaracter. 
The  pay-streak,  which  is  from  1  to  6  inches  wide,  is  composed  of 
galena,  sometimes  mixed  with  tetrahedrite.  Two  assays  from  dif- 
ferent parts  of  the  pay-streak  gave : 

Lead,  4.9  per  cent.  Silver,  90  ounces  per  ton, 

"    15.2        "  "    102 

The  Chinese  workings  prior  to  the  advent  of  foreigners  had  been 
carried  down  340  feet  on  the  slope,  reaching  40  feet  below  water- 
level,  and  stopes  had  been  driven  for  a  length  of  240  feet.  The 
foreign  management,  under  the  energetic  direction  of  Prof.  Church, 
changed  the  tortuous  Chinese  workings  into  a  straight  shaft,  erected 
boilers  and  a  hoisting-engine  supplied  by  the  Union  Iron  Works  of 
San  Francisco,  and  subsequently  built  a  50-ton  coarse-concentrating 
mill,  designed  and  constructed  by  Frazer  &  Chalmers,  equipped  with 
boilers  and  a  Corliss  engine,  a  Blake  coarse  crusher,  a  Sturtevant 
mill,  a  Buchanan  fine  crusher,  rolls,  one  three-compartment  jig,  two 
two-compartment  jigs  and  a  rotary  buddle.  The  sraelting-works 
consisted  at  first  of  a  15-ton  water  jacket  furnace,  and  subsequently 
of  a  40-ton  furnace,  with  Baker  blower  and  attached  engine,  dust- 
chambers  and  stack  of  boiler-plate,  and  a  cupellation- plant. 

The  Ping-Chuan  Copper- District. 

The  Ping-Chuan-Chao  copper  mines  are  situated  160  miles  north- 
east of  Tientsin  (Fig.  1),  at  the  point  marked  on  the  route-map  (Fig. 
7),  as  Chu-Tzu  (signifying  "  office  ").  The  controlling  feature  of  the 
topography  is  a  valley  2300  feet  above  sea-level  (Fig.  9),  descending 
and  broadening  southwards,  and  forking  towards  the  north  and  west 
into  a  number  of  ravines  which  lead  up  to  a  divide,  2600  feet  high, 
between  the  two  branches  of  the  Lan-Ho.  The  mines  of  Hsiao-Liang- 
Hsi  and  Ta-Liang-Hsi  (Little  and  Great  West-Mountain)  are  on  the 
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western  slope  of  this  divide.  Bounding  the  valley  on  the  northeast 
and  southwest  are  limestone  hills,  whose  summits  reach  an  elevation 
of  3000  feet.  The  geology  at  Ping-Chuan  is  rather  complex.  The 
rocks  are  of  two  general  classes, — the  stratified,  to  which  belong  the 
true  limestones,  crystalline  metamorphic  marbles  and  quartzites,  and 
the  igneous,  which  include  amygdaloids,  feldspathic  rocks,  trachyte, 
perlite  and  granite.  The  limestone  overlies  igneous  rocks,  and  it  is 
probable  that  the  formation  in  the  neighborhood  of  the  mines  has  been 
tilted  by  their  intrusion.  The  contact  of  the  trachytes  and  the  lime- 
stone may  be  compared  to  the  outstretched  fingers  of  one's  hand, 
tongues  of  trachyte  and  other  igneous  rocks  having  apparently 
overflowed,  and,  in  some  instances,  interpenetrated  the  strata  of  the 
limestone. 

Travelling  up  the  valley  from  Yuan-Tzu  by  the  route  shown  in 
Fig.  7,  the  coal-bearing  sandstones  of  the  plain  are  followed  for  2^ 
miles  until  the  limestone  hills  are  reached,  whose  strata  are  seen  to 
dip  beneath  the  sandstones  at  an  angle  of  50"  to  the  southeast.  At 
a  distance  of  2  miles  from  the  limestone-sandstone  contact,  the  lime- 
stone forms  a  great  air-anticlinal,  subsequently  dipping  to  the  north- 
west, and  continuing  thus  to  Chu-Tzu,  the  office  of  the  copper-mines. 
Near  the  office  the  trachyte  shows  itself  as  a  w'edge-shaped  mass,  40 
feet  thick  between  strata  of  limestone,  but  it  immediately  spreads 
out  like  a  fan,  the  limestone  forming  its  eastern  and  southwestern 
boundaries.  The  igneous  rocks  appear  to  be  divided  into  zones 
having  a  general  northwest  and  southeast  trend.  The  first  of  these 
zones  begins  with  the  contact  of  the  trachyte  and  white  marble  at  the 
Nan  Shan  (South  Mountain)  lead-mines,  and  extends  northward  for 
2000  feet,  crossing  the  main  valley  to  the  narrow  ridge  which  sepa- 
rates the  acid- works  from  the  copper-mines.  Fig.  7.  The  rock  of 
this  zone  is  a  yellowish  trachyte,  consisting  of  feldspar  with  small, 
scattered  flakes  of  mica.  Traces  only  of  copper  are  found  in  this 
zone.  Succeeding  it  is  a  zone  of  very  hard,  yellowish-white,  non- 
cupriferous  amygdaloid  about  100  feet  wide,  which  is  exposed  in 
the  quarry  close  to  the  office.  This  is  followed  by  a  zone  of  grayish- 
white,  indistinctly  bedded,  decomposed  limestone,  300  feet  thick,  in 
which  the  greater  part  of  the  copper-openings  have  been  made.  It 
is  seen  most  distinctly  near  the  mouth  of  the  Kuan-Tsai-Men  slope, 
and  at  the  caved  workings  above  the  Yuen-Li  shaft.  This  zone  is 
succeeded  by  a  disintegrated  granite,  which,  at  a  depth  of  40  to  60 
feet,  passes  into  an  intensely  hard,  typical  gray  granite,  composed  of 
compact  quartz,  feldspar  and  mica,  with  occasional  pockets  of  tough 
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quartz,  and  interspersed  with  clialcopyrite,  the  partial  decomposi- 
tion of  which  has  frequently  left  green  stains  of  copper  in  the  seams 
of  the  rock.  The  width  of  this  zone  is  150  feet.  It  is  followed  by 
another,  50  feet  thick,  of  hard,  unweathered  quartzite-rock,  beyond 
which  occurs  the  outcrop  of  a  vein  containing  traces  only  of  copper, 
but  well  marked  by  the  character  of  its  brecciated  material  and 
slickensides.  This  outcrop  marks  a  change  in  the  rock.  To  the  east 
of  the  vein  is  a  rather  soft  feldspathic  rock,  easily  decomposed,  and 
containing  small  cubes  of  pyrites,  with  sufficient  copper  to  make  green 
stains  on  the  weathered  surfaces.  This  feldspathic  zone  is  100  feet 
wide,  and  is  succeeded  by  trachyte,  in  which  several  now  abandoned 
shafts  and  slopes  have  been  sunk.  The  trachyte  is  about  1000  teet 
wide,  extending  toward  the  northeast  until  it  meets  the  limestone- 
formation,  which  there  consists  of  a  blue-gray  limestone  instead  of 
white  marble,  as  at  Nan-Shan,  the  result  probably  of  a  less  degree 
of  metamorphism.  This  limestone-'belt  is  a  mile  wide,  and  is  fol- 
lowed again  by  trachyte,  extending  northward  for  an  undetermined 
distance. 

The  copper-ore  is  found  exclusively  in  the  decomposed  limestone- 
belt  between  the  granite  and  the  amygdaloid  in  pockets  and  small 
seams  somewhat  after  the  nature  of  a  stockwork.  In  the  Yuen-Li 
shaft  it  occurs  as  a  contact-deposit  between  the  granite  and  the  lime- 
stone. The  ore  is  a  silicate  of  copper,  containing  some  carbonate 
and  occasional  copper-pyrites.  It  is  smelted  in  a  36-inch  water- 
jacket  furnace  with  iron-  and  lime-fluxes  which  are  found  in  the 
neighborhood,  and  with  a  coke  carrying  20  per  cent,  of  ash. 
The  ore  has  an  average  composition  of: 

Per  cent. 

II.,0 6.0 

CuO, 4.3 

FeO, 8.3 

AlA. 6.9 

CaO, 2.0 

Insoluble, 59.2 

Undetermined, 13.3 

100.0 

The  iron-flux  contains : 

Per  cent. 

FeO, 48.1 

AlA, 10-0 

CaO, •         ....  3.0 

Insoluble,     . 15.0 

Undetermined, 23.9 

100.0 
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The  dolomitic  limestone-flux  contains  : 

Per  cent. 

CaO, ■ 29.0 

MgO, •    .         .        .     33.0 

Insoluble, * 0.5 

With  such  conditions  singulo-silicates  were  an  impossibility,  and 
it  was  only  with  the  greatest  difficulty  and  by  the  addition  of  large 
quantities  of  flux  that  the  insoluble  matter  in  the  slag  was  kept 
down  to  48  per  cent.  The  large  amount  of  silica  retarded  the  run- 
ning of  the  furnace,  the  rate  not  exceeding  25  tons  per  day  and  the 
product  of  pig-copper  containing  a  large  proportion  of  reduced 
iron. 

The  average  slag  contains  : 

Per  cent. 
FeO 11.0 

AljOs,  •' '^'-1 

CaO 12.4 

CiiO, 0.6 

Insoluble, 48.8 

Undetermined, 6.1 

100.0 
The  pig-copper  contains: 

Per  cent. 

Lead, 0.48 

Sulphur, 1.00 

Iron,.        ..-..' 30.05 

Copper,      .         .         • 67.24 

Insoluble, 0.24 

99.01 

The  pig-copper  is  refined  by  a  native  process,  which  consists  in 
extracting  the  iron  and  other  impurities  by  means  of  small  quanti- 
ties of  lead  in  a  hearth  lined  with  Peking  anthracite.  A  hole  meas- 
uring 3  feet  cube  is  dug  and  lined  with  brick  ;  the  cavity  is  filled 
with  anthracite-culm  in  which  a  basin  is  hollowed  out  and  coated 
with  a  paste  made  of  anthracite-powder  and  water.  A  dome  is  then 
built  over  the  basin  with  long  crucibles  serving  as  columns,  and  with 
lumps  of  anthracite,  slate  and  clay.  The  hearth  is  rapidly  dried  and 
pig-copper  melted  in  the  basin  by  means  of  wood-fuel  and  blast  from 
a  wind-box.  The  fining  is  accomplished  by  constant  stirring  of  the 
molten  copper  with  an  iron  rod  and  the  addition  of  small  quantities 
of  lead.  The  operation  lasts  from  six  to  eight  hours,  whereupon  the 
copper  is  ladled  out  and  poured  into  moulds,  the  ingots  being  im- 
voL.  XIX.— 38 
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mediately  dumped  into  water.  The  copper  is  sufficiently  pure  for 
ordinary  commercial  purposes  ;  it  shows  a  fine  silky  fracture  and  is 
covered  with  deep  rose-red  oxide,  so  highly  desired  by  purchasers. 
This  native  process  is  described  only  as  a  matter  of  interest,  and  not 
as  an  example  to  be  followed,  as  the  procedure  is  slow  and  the 
output  small  and  costly. 

The  Je-Shui  Gold  District. 
The  gold-workings  of  Je-Shui,  35  miles  north  of  Ping-Chuan- 
Chao,  are  carried  on  in  a  stockwork  of  quartz-seams  occurring  in 
gneiss-rock.  The  mines  have  never  been  in  the  charge  of  foreigners, 
but  are  operated  in  a  very  small  way  by  Chinese  contractors,  who 
allow  coolies  to  work  for  a  royalty  of  20  per  cent,  on  the  gross- 
proceeds.  Their  method  consists  in  digging  narrow,  winding  bur- 
rows from  the  surface  to  the  small  quartz-veins.  All  the  work  is 
done  by  gad  and  hammer  without  the  use  of  powder,  and  the  output 
is  very  small.  The  ore  is  carried  in  baskets  to  the  hot-springs  of 
the  J^-Shui  where  it  is  broken  by  hand  to  walnut-size  and  then 
crushed  in  an  ordinary  Chinese  mill.  The  latter  consists  of  a  flat 
millstone  with  a  wooden  rod  sunk  in  its  center,  around  which  turns 
a  heavy  stone  roller  set  in  a  frame  and  drawn  by  a  blindfolded 
donkey.     The  crushed  ore  is  washed  on  inclined  tables  until  the 


No. 


Name  of  mine. 


Yang-Po 

Hsi-Po 

La-Ma 

Chao 

Kuo-Li 

Lieu 

Wen 

Shui 

Mei 

Sel'ct'd  sample 

Tailings  from 
Chinese  wash- 
ings  


Weight  of 
sample. 


Gold  per  ton  by  assay. 


319  lbs. 

142  " 

100  " 

150  " 

198  " 

145  " 

135  " 

74  " 

229  " 


1.17  oz. 

0.58  " 

1.50  " 

0.58  " 

2.00  " 

2.00  " 

0.50  " 

0.42  " 

0.33  " 

1.17  " 

0.42  " 


S24  11 
12  05 
30  99 
12  05 
41  34 
41  34 
10  33 
8  61 
6  89 
24  11 

»     8  61 


Gold  obtained  by 
Chinese  washing. 


36.07  grains. 

23.26  " 

3.90  " 

6.91  " 
10.30  " 
28.46  " 

7.81  " 

1.49  " 

7.24  " 


Total  weight  of  sample,  1492  pounds. 
Average  of  first  ten  samples  per  ton,  1.025  ounces. 
Average  value  of  first  ten  samples  per  ton,  $21.18. 

Value  of  gold  obtained  by  the  Chinese  in  washing  1492  pounds  of  ore,  $5.40,  or 
per  ton,  5)7.24, 
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gold  and  magnetic  sand  are  concentrated  in  a  black  powder.  As 
much  as  possible  of  the  magnetic  iron- sand  is  tlien  carefully  washed 
away,  the  operation  taking  place  in  bowls,  and  the  remainder  is  ex- 
tracted by  hand  with  the  aid  of  a  lode-stone. 

The  writer  sampled  nine  of  the  workings  by  firing  a  blast  in  the 
burrow,  and  taking  all  the  rock  that  came  down,  without  subjecting 
it  to  any  picking  process.     The  results  are  shown  on  page  594. 

2he  31  iao-Erh- Liang  Coal-Field. 
Forty  miles  southwest  of  Ping-Chuan  lies  the  coal-field  of  Miao- 
Erh-Liang  (Fig.  7),  which  supplies  the  coke  used  in  the  water-jacket 
furnaces  at  the  silver-  and  the  copper-mines.  The  bed  is  com- 
posed of  of  1  foot  of  coal,  2  inches  of  slate,  2  feet  of  coal,  6  inches  of 
slate,  and  again  2  feet  of  coal.  It  is  bituminous  and  contains  12  per 
cent,  of  ash,  which  is  increased  to  20  per  cent,  in  the  coke.  The 
mine  is  worked  to  a  depth  of  200  feet  on  a  slope  of  45  degrees,  and 
is  kept  dry  by  bailing. 


THE  GEOLOGY  OF  TEE  HAILE  MINE,  SOUTH  CABOLINA. 

BY  A.    THIES,   CONCORD,    N.    C,   AND  A.    MEZQER,    NEW   FORK  CITY. 
(New  York  Meeting,  September,  1890.) 

The  Haile  mine  is  situated  in  Lancaster  county,  South  Carolina, 
twenty  miles  south  of  Lancaster.  The  topography  of  the  country 
is  characterized  by  low  hills  rising  generally  less  than  two  hundred 
feet  above  the  many  small  creeks  which  traverse  the  surface. 

The  road  from  Kershaw,  the  nearest  railroad  station,  3J  miles 
from  the  mines,  leads  through  woods  with  sandy  soil  and  cotton- 
fields.  In  many  places  it  lies  on  the  bare  rock  and  shows  that  the 
adjacent  covering  of  soil  and  earth  is  usually  not  more  than  one 
foot  thick,  and  often  less.  This  covering  is  to  a  great  extent  sand. 
Clo.se  by  a  bridge,  about  one  mile  from  the  mine,  large  round 
boulders  of  diabase  may  be  observed. 

The  country-rock  seems  to  be  exclusively  talcose  slate,  with  a 
general  strike  varying  from  N.  45°  E.  to  N.  70°  E.  These  varia- 
tions may  be  seen  in  the  immediate  neighborhood  of  the  mines,  the 
large  open  cuts  of  which  present  exposures  favorable  to  such  ob- 
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servations.  The  dip  is  N.  W.,  generally  more  than  55°,  and  some- 
times amountincT  to  85°.  Beyond  the  mine-property  there  are  no 
open-cuts  or  quarries  in  the  vicinity  ;  and  the  present  paper  being 
confined  to  studies  of  the  structure  within  the  somewhat  narrow 
limits  set  by  tiie  mine-openings,  the  question  how  far  the  observed 
strike  and  dip  of  the  talcose  slate  extend  beyond  those  limits  must 
be  left  unanswered. 

The  accompanying  geological  sketch-map,  showing  only  actual 
exposures  above  or  underground,  may  serve  to  render  the  following 
description  clear.  The  most  conspicuous  geological  feature  of  the 
tract  is  the  presence  of  many  dikes  of  diabase  (heretofore  erroneously 
taken  for  syenite)  traversing  the  slates.  The  courses  of  several  of 
these  dikes  have  been  determined  and  found  to  range  from  N.  5°  E. 
to  N.  35°  W.  They  generally  strike  across  the  slate  strata.  One 
of  them  separates  the  Hailefrom  the  Bumalo  mine,  and,  having  been 
left  standing  between  the  two  excavations,  now  presents  almost  the 
appearance  of  an  artificial  wall,  with  a  vertical  face  on  the  southwest 
side  and  a  slope  of  about  70°  on  the  northeast,  and  striking  N.  35° 
W.  It  is  questionable  whether  this  dike  was  formerly  visible  on 
the  surface  ;  and  it  is  not  known  at  the  present  time  whether  it  con- 
tinues to  increase  in  thickness  downwards  at  the  rate  indicated  by  the 
form  of  that  portion  of  it  which  is  now  explored.  As  there  are  on 
both  sides  of  this  dike  old  shafts  which  are  full  of  water,  a  knowledge 
of  its  size  and  condition  must  have  been  obtained,  or  at  least  (»b- 
tainable,  by  the  former  miners.  But  there  are  no  mine-maps  which 
show  whether  the  shafts  themselves  or  galleries  driven  from  them  en- 
countered the  diabase  underground.  Work  was  discontinued  here 
some  years  ago;  the  present  product  of  ore  is  furnished  exclusively 
by  the  Bequelin  mine. 

This  mine  (see  map)  has  exposed  underground  two  dikes,  one  of 
which  is  visible  on  the  surface  for  a  length  of  20  feet,  with  a 
thickness  of  about  5  feet.  Underground,  however,  in  the  120- 
and  180-foot  levels  it  has  a  thickness  of  125  feet.  Between 
this  and  the  other  dike  just  mentioned,  both  of  which  have  a  strike 
of  N.  5°  E.,  there  is  yet  another,  only  22  inches  wide,  visible  on 
the  surface  as  an  open  mud-fissure  striking  N.  5°  W.  The  north- 
east dike  of  the  Bequelin  mine  consists  properly  of  two  branches, 
separated  by  a  strip  of  lode-matter,  12  feet  thick,  and  the  whole  is 
connected  with  the  other  dike  by  a  mass  of  diabase  of  unknown 
thickness,  which  forms  the  hanging-wall  of  the  ore  between  them. 

Near  Chase  Hill  a  railroad-cut  has  laid  open  another  dike  for  a 
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length  of  250  feet.  The  strike  cannot  be  distinctly  observed,  but 
the  red  earth,  commonly  encountered  as  the  covering  of  these  dikes, 
extends  for  several  hundred  feet  to  the  southwest.  This  appears  to 
be  the  most  important  dike  on  the  property.  Other  dikes  are  ob- 
served at  JO  (with  a  probable  strike  of  45°  E.),  and  at  t,  n  and  o, 
where  the  strike  cannot  be  determined. 

The  dikes  consist  of  a  cross-grained  mixture  of  augite  with  dif- 
erent  feldspars.  Iron  pyrites  is  present  in  minute  crystals,  and  in 
i.ne  fissures  light  green  pellucid  scales  of  serpentine  are  found.  We 
think  the  pyroxenic  character  of  the  rock  requires  us  to  call  it  dia- 
base. Occasionally,  it  should  be  added,  the  mass  is  very  fine- 
grained, so  that  the  magnifier  does  not  distinguish  its  constituent 
minerals,  and  so  dark  as  to  resemble  some  varieties  of  basalt.  In 
such  cases  the  rock  may  also  affect  the  magnetic  needle. 

The  stratification  of  the  talcose  slates  seems  to  be  nowhere  dis- 
turbed by  the  crossing  of  these  dikes.  The  strata  are  simply  cut 
off,  without  flexure  or  other  change  of  position.  The  only  excep- 
tion to  this  rule  is  presented  by  the  dike  in  the  foot-wall  of  the 
Chase  Hill  mines,  which  may,  perhaps,  have  caused  the  steep  dip  of 
the  slates  (80°  to  85°)  in  these  mines.  At  their  contact  with  the 
dikes,  and  to  moderate  distances  from  the  contact,  the  slates  have, 
however,  been  so  greatly  affected  in  lithological  character  as  to  have 
become  in  many  instances  unrecognizable.  They  present  resem- 
blances to  clay-slate,  porcelain-jasper  (though  they  can  be  cut  with 
a  knife)  and  even  to  grit  and  sandstone.  Moreover,  these  altered 
zones  contain  an  impregnation  of  gold-bearing  pyrite,  often  con- 
centrated to  such  a  degree  as  to  form  rich  layers  4  to  6  inches 
thick  along  the  plane  of  contact  with  the  dikes.  This  impregna- 
tion of  the  slates  has  involved  the  actual  replacement  of  a  part  of 
their  mass  with  pyrite  and  other  minerals.  The  proportion  of  these 
minerals  (which  practically  constitute  the  ore)  is  of  course  a  point  of 
the  highest  economic  importance.  The  material  mined  and  treated  in 
the  mill  contains,  as  a  general  average,  from  7  to  9  per  cent,  of  pyrites. 

Since  the  impregnated  slate  has  been  the  material  of  economic 
value  won  by  mining,  the  large  open-cast  mine-workings  afford  ex- 
cellent opportunities  for  studying  the  cross-sections  of  the  strata 
which  they  have  exposed.  Upon  inspection  of  the  old  workings  it 
is  evident  that  the  limit  of  the  excavations  has  been  determined  by 
the  extent  of  the  pay-ore.  At  the  Haile  and  Bumalo  openings  this 
limit  forms  a  wall,  standing  open  to  view  at  right-angles  to  the  strike, 
in   places  more  than   100  feet    in  width.     The  space  between  the 
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two  Bequelin  dikes, /and  <;,  is  completely  filled  with  ore,  which  is, 
however,  poorer  toward  g  (northeastward).  The  ore  between  g  and 
the  space  northeast  of  g  is  all  poor  in  gold,  and  the  impregnation 
of  pyrites  is  correspondingly  feeble.  Southwest  from  g  the  indica- 
tions of  profitable  ground  are  favorable.  In  this  quarter  there  were 
formerly  open-cuts  at  the  surface  producing  gold.  A  gallery  is  now 
being  driven  through  this  dike,  and  it  is  reasonable  to  suppose  that 
ore  will  be  encountered  on  the  other  side.* 

Quartz  appears  in  the  deposits,  especially  at  the  Haile  opening 
in  highly  irregular  veinlets,  and  also  at  ^  as  a  separate  vein  10  to  12 
feet  thick  and  snow-white,  forming  a  conspicuous  object  in  the  forest. 
The  strike  of  the  vein  is  towards  the  foot-wall  of  the  Haile  mine,  in 
the  vicinity  of  which,  however,  nothing  indicates  the  existence 
of  such  a  strong  vein.  But  in  a  line  30  or  40  feet  southeast  from 
that  of  the  Haile  deposit  many  acres  of  woodland  show  quartz 
everywhere,  indicating  the  presence  of  many  intercalated  bed- 
veins  of  quartz.  Near  the  hanging-wall  of  h  no  trace  of  an  ore- 
deposit  can  be  found,  though  this  might  be  expected  from  the  direc- 
tion of  its  strike  at  the  Haile  mine — a  sign  that  the  impregnation 
does  not  extend  much  further  than  the  old  workings.  It  is  obvious 
that  the  slates  have  been  subjected  to  infiltrations  and  impregnations, 
the  starting-point  of  which  may  be  traced  with  convincing  proba- 
bility in  every  case  to  one  of  the  known  dikes,  and  there  can  be  no 
doubt  as  to  the  genetic  connection  between  the  dikes  and  the  gold- 
bearing  character  of  the  ore-deposits.  The  most  natural  explana- 
tion is  the  hypothesis  that  a  leaching  of  the  slates  has  taken  place, 
perhaps  for  considerable  distances,  and  that  the  fissures  now  filled  by 
the  dikes  and  also  the  fissures  or  permeable  zones  along  their  contact 
with  the  slates,  have  served  as  a  system  of  channels,  conducting  the 
metalliferous  solutions  to  the  places  where  the  conditions  favored  the 
chemical  or  physical  reactions  which  resulted  in  the  deposition  of  their 
valuable  contents. 

It  may  even  be  that  a  leaching  of  the  dikes  themselves  has  played 
a  certain  part  in  this  process.  It  is  true  that  their  masses,  as  they 
appear  at  the  surface  (and,  thus  far,  underground),  do  not  seem  great 
enough  to  be  very  important  factors;  but  all  of  them,  as  far  as  they 
are  known,  become  thicker  downwards,  and  they  may  represent  at 
greater  depth  enormous  masses,  which  could  have  contributed  con- 
siderable amounts  of  metallic  salts  to  percolating  waters. 

*  This  gallery  has  since  been  cut  through  the  dike,  and  good  ore  found. 
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It  is  impossible  to  say  afc  present  whether  the  gold  was  an  origi- 
nal constituent  of  the  diabase,  and  now  appears  as  the  residuum, 
after  all  subsequent  processes,  of  what  was  originally  a  much 
richer  proportion,  or  whether,  on  the  other  hand,  it  is  itself  the 
product  of  infiltration  from  a  foreign  source.  In  other  countries 
where  a  similar  association  between  greenstone  dikes  and  the  gold- 
bearing  character  of  neighboring  zones  has  been  observed  there  is 
reason  to  believe  that  gold  was  originally  contained  in  the  dike. 
Thus  the  Brazilian  greenstone  contains  appreciable  amounts  of 
gold,  while  the  laterite  formed  by  its  decomposition  shows  none, 
having  presumably  lost  all  of  its  gold  by  the  leaching  it  has 
undergone.  As  the  decomposition  of  the  greenstone  in  that  case 
appears  to  have  involved  the  removal  of  certain  constituents 
(notably  alkalies)  without  their  replacement  by  any  other  sub- 
stances, we  may  infer  that  this  Brazilian  greenstone  contained 
gold  originally.  With  regard  to  the  greenstone  or  diabase  of  the 
Haile  mine-property,  it  is  likewise  impossible  to  say  positively 
whether  it  originally  contained  gold,  and  now,  after  having  enriched 
the  adjacent  zones,  contains  none.  As  yet,  indeed,  the  latter  propo- 
sition has  not  been  established  by  adequately  minute  and  careful 
investigation. 

If  the  foregoing  sketch  of  the  geological  conditions  of  this 
property  be  correct,  it  is  evident  that  the  productive  ore-deposits  are 
not  in  any  sense  veins.  The  dikes  are  fissure-veins  filled  with 
material  economically  barren.  There  are  intercalated  zones,  segre- 
gations or  bed-veins  of  quartz,  but  these  are  not  mined  for  gold  on 
the  property.  The  deposits  of  pay-ore  present,  perhaps,  in  general 
a  foot- wall  of  some  regularity  ;  but  there  is  no  defined  hanging-wall, 
and  for  the  miner  the  "  vein  "  is  limited  on  that  side  simply  by  the 
fading  out  of  the  impregnation  to  a  point  where  he  can  no  longer 
consider  the  material  as  "  pay-ore."  This  is  true  at  least  of  the 
Haile  and  Bumalo  mines.  The  Bequelin  constitutes  an  exception  by 
reason  of  its  hanging-wall  of  diabase.  The  vein-matter  or  matrix 
of  the  ore  is  only  talcose  slate,  though  this  may  have  been  altered 
beyond  recognition.  Everything  goes  to  show  that  these  phenomena 
are  the  result  of  infiltrations  (very  likely  successive  in  time  and 
differing  in  character)  which  have  carried  silica,  pyrites  with  gold, 
and  the  compounds  of  magnesia,  the  effects  of  which  can  be  traced 
everywhere. 

The  presence  of  gold  in  the  vicinity  of  the  dikes  on  the  surface 
is  another  significant  fact  attested  by  old  workings  in  many  places. 


THTES   PROCESS   OF   TREATING   AURIFEROUS   SULPHIDES.     GOl 

It  is  still  easy  to  pan  out  gold  at   many  points  in  the  neigliborliood 
of  the  dikes. 

Since  the  facts  above  set  forth  leave  no  doubt  of  the  correlation 
between  the  dikes  and  the  gold-bearing  zones,  or  of  the  conclusion 
that  the  auriferous  minerals  have  resulted  from  the  infiltration  and 
impregnation  of  the  slates  (the  starting-point  of  which,  in  every  ob- 
servable case,  can  be  traced  back  to  a  dike)  it  is  evident  that  ex- 
plorations for  the  discovery  of  new  ore-bodies  should  be  directed 
according  to  the  indications  obtained  first  by  panning  the  red  sur- 
face-earth, and  then  by  making  costeaning-cuts  along  the  outcrops 
of  the  dikes.  As  this  paper  takes  into  consideration  only  the  few 
known  dikes  in  the  vicinity  of  the  mines,  while  it  is  probable  that 
many  others  exist  which  have  not  yet  been  traced,  the  discovery  and 
examination  of  such  additional  dikes  may  be  expected  to  lead  to 
results  of  economic  importance,  as  well  as  scientific  interest. 


THE  THIES  PBOCESS  OF  TREATING  LOW-OB  ABE  AUBIF- 

EBOUS  SULPHIDES  AT  THE  HAILE  GOLD  MINE, 

LANCASTEB  COUNTY,  SOUTH  GABOLINA. 

BY  A.    THIES,    CONCORD,    N.   C,   AND  WM.  B.    PHILLIPS,   UNIVERSITY 
OF  ALABAIMA,   TUSCALOOSA,   ALA. 

(New  York  Meeting,  September,  1890.) 

1.  Introductory  Remarks. — The  Haile  Gold  Mine  is  in  Lan- 
caster county,  South  Carolina,  2>^  miles  east  of  Kershaw  station 
on  the  Charleston,  Cincinnati  and  Chicago  Railway.  It  was  first 
opened  about  the  year  1832,  and  since  that  time  has  passed  through 
various  fortunes.  Many  different  operations  have  been  practiced 
here  for  extracting  the  gold  :  panning,  grinding  in  Chilian  mills  or 
arrastras,  stamping,  the  Designolle  process,  dry-crushing,  and  finally 
the  Thies  proce.'=;s  of  barrel-chlorination,  which  has  now  been  in  suc- 
cessful use  for  2|  years,  and  by  which  36,000  tons  of  ore  have  been 
treated  profitably. 

The  Thies  process  is  in  brief  the  treatment  of  dead-roasted  aurif- 
erous concentrates  (pyrite,  sometimes  also  chalcopyrite,  as  at  the 
Phcenix  mine,  Cabarrus  Co.,  N.  C.)  with  nascent  chlorine,  without 
artificial  pressure  or  exhaust,  in  lead-lined  iron  cylinders;  the  throw- 
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ing  of  the  mass  on  a  sand  filter;  and  the  quick  filtration  and  pre- 
cipitation of  the  gold  chloride  with  fresh  and  active  ferrous  sulphate. 
The  gold  is  precipitated  as  metallic  gold  of  a  reddish-brown  color, 
which,  after  being  allowed  to.  settle  completely,  is  collected,  washed, 
dried  and  melted  with  soda  and  borax  in  graphite  pots  and  cast  into 
bars. 

The  efficiency  and  economy  of  the  process  are  such  that,  in  work- 
ing on  a  large  scale,  crude  ore  of  the  assay-value  of  $4  per  ton,  carry- 
ing about  one-third  of  its  gold  free  and  two-thirds  in  sulphurets, 
can  be  profitably  treated.  At  the  Haile  mine  36,000  tons  of  such 
ore  have  been  successfully  treated,  and  it  is  now  mined  and  treated 
at  the  rate  of  80  tons  per  day  of  24  hours. 

It  should  be  observed  at  the  outset  that  the  chlorination  system 
here  used  is  not  patented.  Any  one  is  free  to  employ  it ;  and  there- 
fore what  is  said  of  it  in  the  present  paper  is  without  any  bias  of 
commercial  interest.  It  is  the  second  attempt  to  introduce  into  the 
southern  gold-fields,  on  a  large  scale,  the  chlorination  of  roasted  ore 
in  place  of  amalgamation,  and  as  an  adjunct  to  amalgamation  before 
roasting. 

The  uniform  and  most  gratifying  success  attending  the  use  of  this 
process  for  several  years  at  the  Phcenix  mine,  Cabarrus  Co.,  N.  C, 
(see  Trans,  xvii.,  313)  induced  the  owners  of  the  Haile  property  to 
introduce  it  at  these  mines  under  the  personal  supervision  of  Mr.  A. 
Thies.  Mr.  Thies's  improvements  on  the  old  Mears  chlorination 
process  have  been  fully  set  forth  in  the  paper  above  referred  to. 
Without  severing  his  connection  with  the  Phoenix  Co.,  he  took 
charge  of  the  Haile  mine  in  January,  1888,  where  he  operated  20 
stamps  from  that  time  to  January  last,  and  since  the  latter  date,  has 
added  40  stamps,  making  a  present  total  of  60  in  operation. 

By  this  process  of  chlorination  there  have  been  treated  since  1880 
at  the  Phcenix  mine  5000  tons  of  concentrates,  and  at  the  Haile, 
since  May,  1888,  the  date  of  the  beginning  of  the  work  here,  2353 
tons. 

This  statement  is  sufficient  evidence  that  the  process  is  conducted 
upon  a  commercial  scale,  and  has  long  since  passed  the  experimental 
stage.  There  is  now  no  more  reason  to  doubt  its  success  as  applied 
to  low-grade  auriferous  sulphides  than  to  doubt  the  success  of  the 
Thomas  process  in  the  manufacture  of  steel.  Nor  is  it  too  much  to 
claim  for  it  that  it  stands  metallurgically  towards  the  other  and  older 
processes  for  the  extraction  of  gold  as  the  Thomas  process  stands 
towards  the  other  and  older  processes  for  the   manufacture  of  steel. 
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Both  these  processes  were  successfully  applied  about  the  same  time. 
They  are  vital  improvements  upon  the  ideas  of  previous  unsuccess- 
ful applications;  and  they  deal  with  materials  that  hitherto  had 
baffled  all  attempts  at  utilization,  the  one  with  high-phosphorus 
iron-ores,  and  the  other  with  low-grade  sulphnret  gold-ores. 

In  order  to  realize  the  especial  significance  of  the  Thies  process  to 
the  metallurgy  of  gold,  it  is  only  necessary  to  recall  the  history  of 
southern  gold  mines  for  the  past  fifty  years.  It  is  a  history  of  dis- 
appointed hopes.  The  capital  invested  in  such  mines  has  been,  to 
say  the  least,  extremely  unproductive.  Even  during  the  last  six  or 
eight  years,  when  any  one  who  chose  might  have  ascertained  for 
himself  the  true  method  of  treating  these  ores,  the  old  state  of  affairs 
has  continued,  and  the  old  story  has  repeated  itself. 

The  elements  combined  in  this  successful  solution  of  the  ])roblem 
are  concentration,  roasting  and  chlorination.  They  go  hand  in  hand ; 
each  is  incomplete  without  the  others.  But  what  distinguishes  this 
process  from  all  others  is  the  method  of  applying  the  chlorine  to  the 
roasted  ore,  of  which  we  shall  speak  later. 

Since  a  con)plete  account  of  the  process  requires  some  notice  of  the 
conditions  under  which  it  is  employed  at  the  Haile  mine,  this  paper 
will  briefly  describe  the  geological  occurrence  of  the  ore  ;  the  opera- 
tion of  mining  and  transportation  to  the  mills;  and  the  milling 
and  concentrating;  after  which  an  account  will  be  given  of  the 
roasting  and  chlorination,  including  the  delivery  of  the  gold-solu- 
tion to  the  precipitating- vats,  and  finally,  the  precipitation,  collection 
and  smelting  of  the  gold. 

2.  Geological  Occurrence  of  the  Ore. — For  a  more  detailed  descrip- 
tion of  the  geological  conditions,  the  paper  of  jNIessrs.  Thies  and 
Mezger,  presented  simultaneously  with  this  (p.  595,  ante),  may  be  con- 
sulted, and  reference  may  be  conveniently  made  to  the  geological 
sketch-map  by  Mr.  Mezger,  which  accompanies  that  paper.  It  is 
not  intended  here  either  to  controvert  or  fully  to  adopt  the  conclu- 
sions there  set  forth,  the  simple  reason  being  that  the  two  papers 
have  been  prepared  independently,  and  there  has  been  no  subsequent 
consultation  of  all  the  writers  concerned. 

The  ore  at  the  Haile  mines  is  a  mixture  of  pyrite  and  stratified 
talcose  slate.  The  strike  of  the  strata  varies  from  N.  52°  E.  to  N. 
73°  E.,  and  the  dip  (northwesterly)  from  45°  to  75°.  The  foot-wall 
is  soft  talcose  slate,  colored  yellowish,  brownish  and  red  by  iron- 
salts,  and  showing  cross-joints.  The  hanging-wall  is  (often  if  not 
always)  greenstone.     From  the  foot-wall  towards  the  hanging-wall 
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there  is  a  well-marked  increase  in  the  hardness  of  the  ore  ;  bands  of 
siliceous  matter  appear,  and  veinletsand  veins  of  almost  pure  pyrite, 
from  the  thickness  of  J  inch  to  1|  feet.  These  streaks  of  pyrite 
cnt  across  the  slates  in  all  directions  and  are  also  at  times  parallel 
to  them.  Now  and  then  masses  of  considerable  hardness  are  also 
found  near  the  foot-wall,  but  whether  they  occur  here  or  in  the  vici- 
nity of  the  hanging-wall,  they  are  evidently  derived  from  the  tal- 
cose  slates.  It  is  believed  that  whatever  be  the  earthy  material 
mixed  with  the  slates  in  the  ore-bearing  mass,  it  has  been  derived 
from  the  slates  themselves.  Even  the  very  siliceous  material  found 
near  the  hanging-wall  and  bearing  no  close  resemblance  to  the  slates 
either  in  color,  hardness  or  stratification,  was  doubtless  derived  from 
them. 

Several  dikes,  seemingly  of  diabase,  cross  the  slates  at  irregular 
intervals.  On  the  accompanying  diagram  they  are  shown  as  cutting 
the  slates  at  right  angles  to  their  strike.  This  is  not  quite  true ; 
but  the  variations  are  slight.  Between  these  dikes  lie  the  immense 
deposits  of  talcose  slates,  impregnated  with  gold-bearing  pyrite  and 
with  more  or  less  free  gold.  The  free  gold  is  generally  fine. 
Wherever  the  slates  are  rich  enough  in  free  gold  and  in  pyrite,  they 
are  mined.  The  richer  streaks  are  of  various  widths,  from  2  feet 
to  30  feet,  and  are  of  the  same  general  character  as  the  main  body  of 
the  slates.  In  immediate  proximity  to  the  dikes,  as  well  as  to  the 
hanging-wall,  the  slates  are,  as  a  rule  (with  some  exceptions),  richer 
than  elsewhere. 

As  to  the  correlation  between  the  dikes  and  the  ore-masses,  little 
will  be  said  here.  That  the  dikes  do  influence  the  richness  of  the 
ore  favorably  seems  to  be  beyond  question,  but  it  is  not  so  easy  to 
say  why.  Nor  can  we  speak  positively  as  to  the  nature  of  the 
dikes  themselves.  They  stand  nearly  vertical;  they  cut  the  strike 
of  the  slates  nearly  at  right-angles;  they  exercise  a  favorable  effect 
upon  the  richness  of  the  ore;  but  whether  they  are  strictly  diabase 
or  not,  and  whether  they  are  of  plutonic  origin  or  not,  will  not  be 
discussed  here. 

3.  The  3Iiuing  and  Ti-ansportation  to  the  Mills. — In  such  thick 
masses  of  ore,  choice  must  be  made  between  taking  out  all  the  ore 
(sustaining  the  walls  with  timbers)  and  taking  such  ore  as  can  be 
extracted,  using  as  little  timber  as  possible,  and  leaving  pillars. 
The  first  plan  is  not  to  be  thought  of  here,  on  account  of  the  vary- 
ing value  of  the  ore,  the  enormous  amount  of  timber  required  and 
the  expense  connected  with   keeping  it   in  sound   condition.     The 
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otlier  plan  was  therefore  adopted  and  has  worked  satisfactorily. 
The  levels  are  driven  from  60  to  70  feet  apart  and  connected  at  dif- 
ferent points  by  winzes  which  serve  durini^  stoping  as  ore-shoots. 
Between  these  winzes  main  pillars  are  left,  while  the  ore  is  stoped 
on  each  side  of  the  pillars  from  hanging  to  foot,  leaving  sufficient 
solid  ore  ajjainst  the  hano-ing-wall  to  insure  safetv. 


ORE    MASSES   &    DYKES 
HAILE  GOLD  MINE 

Lancaster  Co.,  S, 
Scale  1  Inch  =  160  £f. 


Of  the  mines  partly  opened  and  worked  in  earlier  years,  the 
Bequelin  (formerly  known  as  the  Blauvelt)  is  now  in  active  opera- 
tion. The  main  shaft  has  reached  a  depth  of  194  feet  on  the  dip 
of  the  ore,  of  which  15  feet  are  used  for  a  sump.  The  levels  are 
driven  east  and  west  from  the  shaft  at  intervals  of  60  feet,  and  the 
ore  is  trammed  from  chutes  at  the  180-foot  level  to  the  main  station 
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to  be  hoisted  by  double  skips  to  the  surface.  From  80  to  100  tons 
are  hoisted  in  24  hours. 

The  system  of  mining  would  require  for  its  full  discussion  a 
separate  paper.  It  may  be  characterized  here  as  the  pillar-system 
{PfeUerhau)  generally  employed  when  excessive  timbering  is  to  be 
avoided. 

The  drilling  is  done  by  double-hand,  single-hand  and  machine- 
drills.  For  this  latter  purpose  there  are  4  Ingersoll-Sargeant 
Drills  of  3^-inch  cylinder,  now  used  entirely  for  development- 
work. 

The  plant  at  the  Bequelin  shaft  consists  of  2  boilers,  of  90  and  35 
horse-power  respectively,  which,  under  full  headway,  carry  from 
75  to  80  lbs.  steam-pressure,  consume  about  6  cords  of  pine  wood 
in  24  hours  (at  a  cost  of  $1.40  per  cord,  delivered),  and  furnish  steam 
to  one  20  x  30  Ingersoll  air-compressor,  one  40  horse-power  Dickson 
reversible  link-motion  hoisting-engine,  one  20  horse-power  crusher- 
engine  for  a  20  X  10  Blake  crusher,  and  one  No.  9  Davidson  mining 
pump,  of  200  gallons  per  minute  capacity.  The  ore  is  hoisted  in 
skips  which  discharge  automatically  upon  two  grizzlies  and  thence 
to  the  crusher.  One  man  can  load  60  tons  per  ten  hours  on  the 
skips,  which  hold  1500  lbs.  each. 

The  grizzlies  have  each  a  square  surface  of  32  feet,  and  the  bars  are 
set  1|  inches  apart  for  the  "shaft-smalls,"  while  the  coarser  ore  goes 
directly  to  the  20  x  10  crusher.  The  grizzlies  and  crusher  dis- 
charge into  an  ore-bin,  holding  30  tons.  From  this  bin  the  ore  is 
hauled  by  a  narrow-gauge  locomotive  f  mile  to  the  mill ;  a  train- 
load  being  7  cars  carrying  3  tons  each.  An  engine-driver  and  two 
boys  look  after  the  loading  of  the  ore  from  the  bin  on  to  the  cars, 
the  transportation  to  the  mill  and  the  discharging  into  the  mill-bins. 
They  also  keep  the  track  in  repair. 

4.  Milling  and  Concentrating . — There  are  at  present  40  stamps 
working;  20  more  are  up,  but  not  quite  ready  to  begin  dropping. 
The  average  amount  of  ore  crushed  per  stamp  per  24  hours  during 
the  last  4  months  is  2.01  tons.  The  stamps  weigh  750  lbs.  each,  and 
drop  5^  inches  84  times  per  minute.  The  screens  are  36-mesh,  of 
brass  wire.  Formerly  40-tnesh  slotted  Russian  sheet-screens  were 
used,  but  these  were  discarded  in  favor  of  the  wire-screens,  the  latter 
not  only  possessing  greater  durability,  but  giving  a  far  more  uniform 
pulp  for  concentration.  The  average  life  of  the  wire-screen  has 
been  6  weeks,  while  slot-screens  often  had  to  be  thrown  out  in  14 
days.     Tlie  average  amount  of  water  used  per  stamp  is  2>\  gallons 
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per  minute,  and  the  average  consumption  of  quicksilver  per  ton  of 
ore  is  0.35  ounce.  The  average  wear  and  tear  of  shoes  and  dies 
per  ton  of  ore  stamped  is  1.3  pounds. 

The  area  of  inside-plates  per  battery  of  5  stamps  is  1.75  square 
feet,  and  of  outside-plates  32  square  feet,  with  a  2-inch  inclination 
to  the  foot.  There  are  3  boilers  of  50  horse-power  each  and  one 
Harris-Corliss  engine  of  150  horse-power.  The  40  stamps  are  run 
with  a  steam-pressure  of  50  pounds. 

The  mill  is  of  the  back-to-back  type,  30  stamps  on  east  and  30 
stamps  on  west  side.  Each  double  battery  has  its  own  cam-shaft, 
which  is  driven  by  belt  from  a  pulley  on  the  shaft  common  to  all  tiie 
stamps  on  the  same  side.  The  east  battery-shaft  and  the  west  battery- 
shaft  are  driven  by  steel  bevel-gearing  from  the  main  shaft. 

The  railway-cars  are  bottom-dumpers,  and  discharge  their  ore  on 
the  iron-plated  comb,  dividing  the  east-side  bin  from  the  west-side 
bin.  These  bins  hold  150  tons  each,  and  discharge  their  ore  into 
Hendy  self-feeders.  The  angle  of  inclination  of  the  bin-bottom 
towards  the  self-feeders  is  60°.  The  battery-tailings  are  conveyed 
to  the  concentrator  through  open  launders  8x10  inches,  with  cross- 
riffles,  one  inch  high,  every  8  to  10  inches.  Total  length  of  laun- 
ders, 78  feet ;  inclination,  J  inch  per  foot.  The  launders,  discharge 
into  a  box  from  which  runs  a  series  of  small  launders,  at  right  angles 
to  the  main  launder,  to  each  concentrator.  There  are  16  Embrey 
end-shake  concentrators,  8  to  each  20  stamps.  The  distribution-table 
for  the  battery-tailings  is  provided  with  an  amalgamated  copper 
plate  for  saving  any  free  gold,  amalgam  or  free  quicksilver  which 
may  escape  from  the  outside  battery-plates.  The  belts  are  set  with 
2f-inch  inclination  and  travel  5  feet  per  minute.  The  number  of 
strokes  is  192  per  minute.  The  yield  in  concentrates  per  ton  of  ore 
stamped  averages  9  per  cent.,  i.e.,  for  each  11^  tons  stamped,  there 
is  a  yield  of  1  ton  of  concentrates.  The  loss  in  sulphurets  is  about 
10  per  cent. 

The  fire-assay  value  of  the  ore  delivered  to  the  stamp  is  $4.50  per 
ton.  The  mint-returns  of  bullion  give  $3.90  per  ton  of  ore  treated, 
of  which  $1.45  is  to  be  credited  to  the  stamps,  i.e.,  to  free  gold,  and 
$2.45  to  sulphurets.  Taking  the  value  of  the  ore  at  $4.50,  and  the 
actual  yield  in  bullion  at  $3.90,  we  have  an  indicated  loss  of  60  cents 
per  ton,  or  13^  per  cent.  Taking  the  yield  in  free  gold  at  $1.45 
per  ton  from  an  ore  worth  $4.50  per  ton  (or  approximately  32  per 
cent.),  we  have  68  per  cent,  to  be  sent  into  the  concentrates.  But 
the  total  yield  in  free  gold  and  in  gold  from  the  sulphurets  is  $3.90 
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per  ton,  so  that  the  ratio  of  the  free  gold  saved  to  the  total  amount 
saved  is  approximately  38  per  cent.,  and  of  the  combined  gold  62  per 
cent.  An  ore  of  this  kind  therefore  carries  about  one-third  of  its 
gold  free  and  about  two-thirds  combined. 

We  have  used  the  term  combined  gold  to  express  the  condition  of 
the  gold  that  is  not  free.  Whether  the  gold  that  is  not  free  is  chemic- 
ally or  mechanically  diffused  in  the  sulphurets,  or  both,  is  not 
known.  Much  has  been  written  upon  this  subject;  but  as  yet  we  are 
not  warranted  in  adhering  positively  to  either  view.  One  thing 
appears  certain,  viz. :  that,  no  matter  what  may  be  the  state  of  the 
gold  in  such  material,  it  must  be  thoroughly  roasted  before  it  can  be 
profitably  extracted.  From  the  80  tons  of  ore  stamped  per  24  hours, 
there  are  obtained  7J  tons  of  concentrates,  which  gives  as  the  yield  of 
each  concentrator,  a  little  less  than  one-half  ton.  The  concentrates  are 
piled  in  a  shed  and  thence  conveyed  by  rail  to  the  furnaces,  a  dis- 
tance of  1200  feet.  The  average  assay-value  of  the  raw  concentrates 
has  been,  for  the  last  12  months,  $30  per  ton.  This  corresponds 
closely  to  the  estimated  value.  Assays  vary  from  $25  to  $3o  per 
ton  of  2000  pounds.  The  percentage  of  sulphur  in  the  raw  concen- 
trates varies  from  40  to  45  per  cent.  In  roasting,  this  is  brought 
down  to  from  0.25  to  0.40  per  cent,  and  the  value  of  the  material  per 
ton  is  increased  by  one-third,  i.e.,  a  raw  concentrate  of  §30,  becomes 
a  roasted  material  of  §40  per  ton. 

5.  Roasting  and  Chlorinating. — The  roasting-plant  consists  of  one 
pan-revolving  furnace  (of  the  type  described  in  the  paper  previ- 
ously referred  to.  Trans,  xvii.,  313),  two  double-hearth  reverbera- 
tories,  each  of  400  square  feet  roasting-surface,  and  one  American 
Spence  furnace. 

The  capacity  of  the  pan-furnace  for  twenty-four  hours  is  2^  tons 
of  roasted  ore  (equal  to  3^  tons  of  raw  concentrates)  and  that  of  each 
reverberatory  furnace  2  tons  of  roasted  ore  (equal  to  2|  tons  of  raw 
concentrates).  The  yield  of  roasted  ore  per  day  of  twenty-four 
hours  is  6^  tons  from  one  pan  and  two  reverberatories.  The  con- 
sumption of  wood  is  one-half  cord  for  each  furnace  per  ton  of 
roasted  ore.  Each  furnace  is  attended  by  four  men  for  twenty-four 
hours,  who  do  all  the  work  of  charging,  firing  and  rabbling,  and 
also  deliver  the  roasted  ore  on  the  cooling-floor.  They  are  paid 
$1.00  per  day  of  twelve  hours.  The  wood  used  is  pine  and  costs 
§1.^0  per  cord  delivered.  Mr  Spilsbury,  in  a  paper  read  before  the 
Institute  in  1883  {Trans,  xii  ,  103),  puts  the  roast ing-capacity  of  the 
reverberatory  furnace  at  6  to  10  tons  per  day  of  twenty-four  hours. 
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This  is  not  practicable  when  the  product  is  to  be  so  roasted  as  to  be 
suitable  for  chlorination.  No  such  feat  has  been  accomplished  in 
that  hind  of  roasting  by  any  furnace,  modern  or  ancient,  automatic 
or  otherwise.  It  should  be  added  that  the  roasting  to  which  Mr. 
Spilsbury  refers  was  followed  by  amalgamation. 

In  November,  1889,  an  American  S{)ence  furnace  was  built,  but 
the  expectations  entertained  concerning  its  operation  were  not 
realized,  and  the  furnace,  after  many  unsatisfactory  attemj)ts,  has 
been  idle  since.  The  difficulties  encountered  were:  1st,  the  matting 
of  the  iron  rakes  whereby  they  were  prevented  from  swinging  on 
their  axis;  and  2d,  the  banking  of  the  ore  on  both  ends  of  the 
shelves. 

The  first  difficulty,  viz.,  the  clogging  of  the  rakes  by  the  fine  ore, 
was  in  part  overcome  by  providing  the  rake  with  a  sheet-iron  hood. 
But  although  this  gave  some  help,  it  did  not  altogether  remove  the 
trouble.  The  swinging  of  the  rakes  on  their  axis  is  a  sine  qua  non 
of  their  efficiency,  and  just  in  the  measure  in  which  this  is  prevented, 
in  the  same  measure  is  the  roasting  hindered.  If  the  rakes  cannot 
swing  they  cannot  rabble  the  ore,  and  without  this  no  thorough 
roasting  is  possible.  This  trouble  is  intimately  connected  with  the 
second  difficulty,  viz.,  the  banking  of  the  ore  at  the  ends  of  the 
shelves. 

Under  the  present  construction  of  the  furnace  the  difference  be- 
tween the  lengths  of  the  rods  which  move  the  rakes  is  6  inches,  so 
that  when  the  ore  drops  from  a  shelf  to  the  one  underneath,  the 
rake  on  the  lower  shelf  is  6  inches  in  advance  of  the  rake  on  the 
upper.  This  distance  is  not  sufficient  to  prevent  the  fine  red-hot 
ores  from  falling  upon  the  lower  rake  as  they  are  discharged  from 
the  u}iper  shelf.  The.>^e  ores  move  very  easily — they  may  ahnost  be 
said  to  flow;  and  they  begin  to  fall  through  the  opening  when  the 
rake  is  12  to  14  inches  from  it.  In  this  way  the  ore  fulls  in  front 
and  on  top  of  the  lower  rake,  and  is  pushed  by  it  towards  the  end 
of  the  shelf.  In  its  back-stroke,  the  rake,  being  clogged  by  the  fine  ore 
falling  on  it,  cannot  take  with  it  all  of  the  ore  that  it  pushed  forward. 
Some  is  left,  and  the  pile  grows  larger  and  larger,  until  finally  the 
entire  end  of  the  shelf  is  full  of  ore.  The  alternate  pushing  and 
pulling  of  the  clogged  rakes  causes  a  banking  of  the  ore  at  both 
ends  of  the  shelves.  After  several  weeks  of  continual  trouble  and 
worry  it  was  finally  decided  to  discontinue  the  attempt  to  utilize  this 
furnace  for  chlorinatiou-roasting. 

The  principle  on  which  the  Spence  furnace  works  is  correct  in 
VOL.  XIX.— 39 
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every  detail,  and  it  is  undoubtedly  the  proper  furnace  for  roasting 
coarse  ores  for  smelting-purposes  where  a  complete  elimination  of  the 
sulphur  is  not  wanted.  A  chlorination-roast,  however,  must  be  a 
uniform  dead-roast,  and  no  furnace  which  will  not  deliver  material 
in  that  condition  can  be  used. 

From  the  furnaces  the  ore  goes  to  the  cooling-floor  where  it  is  al- 
lowed to  cool ;  then  it  is  dampened  with  water  and  elevated  to  the 
chlori  nation-floor. 

The  chlorinatiou-])lant  consists  of  two  chlorinators,  eight  filters, 
two  storage-tanks  for  the  filtered  solutions,  thirteen  precipitating- 
tanks,  two  settling-tanks  for  precipitates,  a  storage-tank  for  sul- 
phuric acid,  and  a  tank  for  preparing  the  ferrous  sulphate  (copperas). 

As  regards  the  chlorination,  no  better  description  of  what  is  now 
done  at  the  Haile  can  be  written  than  is  contained  in  a  letter  from 
Mr.  Thies  to  Mr.  C.  N.  Aaron,  published  in  the  Eighth  Annual 
Eeport  of  the  State  Mineralogist  of  California,  1888,  pp.  844-846. 

Mr.  Thies  says  : 

Phcenix  Mines,  October  15, 1888. 
C.  N.  AaroJt,  Esq.,  San  Francisco,  Cal. 

Dear  Sir :  In  my  former  letter  I  promised  to  write  an  article  on  the  "  Hydro- 
metallurgy"  of  gold,  but  seeing,  through  the  pressure  of  business,  that  it  will  be 
impossible  for  me  to  do  justice  to  the  subject  to  get  it  ready  for  print  by  the  1st  of 
November,  I  will  here  give  you  a  brief  description  of  the  barrel-chlorination  as  in 
])ractice  at  the  Phcenix  mines,  North  Carolina,  and  the  Haile  gold-mine,  South 
Carolina. 

The  success  of  barrel-chlorination  I  attribute  to  the  generation  of  chlorine  in 
the  ore-pulp,  to  attrition  and  to  quick  filtering.  The  original  Mears  process  was 
based  upon  the  pressure  of  chlorine,  either  generated  outside  and  forced  by  a 
])ump  into  a  lead-lined  cylinder  through  a  hollow  trunnion,  or  generated  by  the 
use  of  chloride  of  lime  and  sulphuric  acid  in  such  quantities  as  would  create  a 
j)ressure  of  from  30  to  40  pounds  per  inch.  To  ascertain  the  pressure,  a  lead-lined 
gas-pipe  in  the  from  of  a  goose-neck  (and  called  so),  passed  through  the  hollow 
trunnion,  was  sec\jrely  fastened,  provided  with  a  stuffing-box  and  connected  with  a 
pressure-gauge.  In  using  chloride  of  lime,  the  inner  lead-lining  of  the  cylinder 
was  provided  with  a  sulphuric-acid  chamber  capable  of  holding  100  pounds  of 
acid.  While,  indeed,  the  result  in  working  well-roasted  ores  was  satisfactory,  the 
annoyance  through  leakage;  the  continued  wearing  out  of  goose-necks ;  the  collaps- 
ing of  the  inner  lead-lining  by  a  too  strong  exhausting  of  the  gas ;  by  being  too 
often  deceived  as  to  the  pressure  of  chlorine,  when  pressure  but  no  cidorine  was 
present,  causing  rehandling  of  the  ore,  made  the  process  an  expensive  and  un- 
satisfactory one. 

In  this  annoying  way  I  worked  for  nearly  two  years,  testing  meanwhile  the  effect 
of  a  highly  saturated  chlorine-water  under  attrition  without  pressure,  and  when, 
after  repeated  tests,  I  found  my  results  equally  as  good  without  pre-ssure  as  with 
the  highest  pressure  (and  better  when  I  divided  the  requisite  amount  of  chlorine 
and  sulphuric  acid,  so  as  to  have  nascent  gas  during  the  time  of  working),  I  re- 
modelled the  chlorinator  by  closing  up  the  hollow  trunnion,  removing  the  goose- 
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neck  and  acid-chaniher,  and  substituted  a  lead  valve,  connected  with  tlie  inner 
lead-lining  in  such  a  way  that  the  presence  of  free  chlorine  can  be  ascertained  at 
any  moment,  and  no  charge  subject  to  chlorination  need  be  thrown  on  the  filter 
without  full  knowledge  of  the  work  being  complete. 

Tiie  cast-  or  siieet-iron  cylinder  (chlorinator)  is  42  inches  in  diameter  by  60 
inclies  long.  The  heads  are  cast  and  securely  bolted  to  end-flanges  and  provided 
with  tight  and  loose  pulleys.  The  bung  for  the  introduction  of  the  roasted  ore  and 
chemicals,  6  inches  in  diameter,  is  provided  with  a  lead-lined  cover,  which,  before 
rotation,  must  be  closed  hermetically. 

The  interior  of  the  cylinder  is  lined  with  sheet-lead  of  10  to  12  pounds  per 
square  foot.  The  capacity  of  the  chlorinator  is  from  1  to  l^  tons  of  roasted  ore. 
Before  introducing  the  ore,  the  chlorinator  is  charged  with  from  100  to  125  gallons 
of  water,  or,  I  might  say,  with  enough  water  to  make  an  easy-flowing  pulp.  This 
done,  the  roasted  ore  is  introduced,  half  the  requisite  quantity  of  sulphuric  acid  is 
then  poured  in,  and  lastly,  half  the  required  chloride  of  lime,  when  the  bung-hole 
is  closed 'and  tlie  chlorinator  is  set  in  motion  at  the  rate  of  fifteen  revolutions  per 
minute. 

For  Phcenix  ores  I  used  40  pounds  of  chloride  of  lime  and  50  pounds  of  com- 
mercial sulphuric  acid  per  tOVi  of  roasted  ore;  but  I  charge  20  pounds  of  chloride 
of  lime  and  25  pounds  of  acid  first,  rotate  for  three  or  four  hours,  open  the  bung 
and  charge  the  other  half,  having  found  better  results  by  dividing  the  chemicals. 
Rotate  for  two  or  three  hours  longer,  and  if,  by  the  aid  of  the  lead  valve,  free 
clilorine  is  found  present,  the  cover  is  removed  from  the  bung-hole  ^nd  the  chlo- 
rinated ore  is  thrown  on  a  shallow  filter,  6  by  8  feet,  provided  with  a  5-inch  filter- 
bed,  over  which  the  pulp  spreads  to  a  thickness  of  about  4  inches. 

The  filter,  before  the  ore-pulp  is  thrown  on  it,  is  first  flooded  with  clear  water 
from  below,  and  when  the  water  stands  over  the  filter  the  discharge-hole  is  corked, 
so  that  the  water  acts  as  a  cushion  agaitist  the  ore-pulp,  prevents  the  packing  of  the 
filter-bed  and  admits  of  a  free  filtering. 

When  the  chlorinator  has  been  emptied  on  the  filter  the  cork  is  removed  and 
the  solution  allowed  to  pass  into  a  stock-tank  below.  As  soon  as  the  first  solution 
has  passed  through,  so  that  the  ore-surface  is  exposed,  from  3  to  4  inches  of  water 
is  added  over  the  whole  surface;  and  wlien  tiiis  is  filtered  through  and  the  ore- 
surface  exposed  again,  the  whole  space  above  the  ore,  about  11  inches  in  depth,  is 
filled,  which,  by  [)ractice  on  Phoenix  ore,  has  proved  sufficient  to  remove  all  the 
chloride  of  gold ;  but  should  there  be  still  a  reaction  with  ferrous  sulphate  more 
water  must  be  added. 

The  filters  are  lead-lined,  18  inches  deep,  and  have  a  fall  of  1  inch  towards  the 
outflow.  The  bottom  is  first  covered  with  })erforated  glazed  tiles  or  clay  or  miner- 
aline,  which  is  impervious  to  the  action  of  acids  and  chlorine.  On  this  rests  the 
gravel  filter-bed,  which  is  topped  oft"  with  ordinary  clean  river-sand.  To  prevent 
the  filter  from  getting  an  uneven  surface,  longitudinal  IJ-inch  wooden  slats, .8  or 
10  inches  apart,  keep  it  in  place. 

The  filtering  should  be  accomplished  as  quickly  as  possible,  but,  as  this  depends 
generally  on  the  fineness  of  the  ore  treated,  no  rule  can  be  established.  As  long 
a.s  the  solution  shows  the  presence  of  chlorine  when  the  last  wivsh-water  has  passed 
through  the  filter,  there  is  no  danger  of  not  having  clean  tailings.  The  solutions 
accumulating  in  stock-tank  are  let  oflT  into  smaller  tanks  for  precipitation,  with 
ferrous  sulphate,  which  should  always  be  regenerated,  if  not  active,  so  as  to  destroy 
any  ferric  sulphate.  Care  should  be  taken  by  examining,  after  twenty-four  hours, 
to  ascertain  if  all  the  gold  has  been  precipitated,  as  losses  have  occurred  by  a  par- 
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tial  precipitation.  The  tanks  for  precipitation  should  not  be  too  deep  ;  a  conve- 
nient size  is  6  to  8  feet  in  diameter  and  3  feet  high,  holding  the  solutions  from 
abont  3  tons  of  roasted  ore.  A  sufficient  number  slionld  be  on  hand  to  allow  the 
precipitate  at  least  three  days  to  settle.  After  three  days  settling  in  shallow  vats, 
the  supernatant  liquor  can  be  drawn  off  and  fresh  solutions  added  for  precipita- 
tion. 

At  the  Plioenix,  the  liquor  is  passed  over  metallic  iron,  and  the  copper  is  recov- 
ered as  cement.  From  the  precipitating-tanks  the  precipitate  is  finally  collected, 
washed  as  clean  as  possible  to  remove  the  iron-salts,  dried  and  melted. 

The  amount  of  chloride  of  lime  and  acid  used  at  the  Phoenix  I  have  stated  as  40 
and  50  pounds  respectively,  which  is  due  to  the  presence  of  an  appreciable  amount 
of  chalcopyrite.  An  excess  of  acid  should  always  be  used  so  as  to  convert  all  the 
lime  into  a  sulphate  to  remain  in  the  filter.  The  solution  should  be  slightly  acid. 
If  neutral,  soluble  chloride  of  lime  will  cause  a  bulky  precipitate  with  ferrous  sul- 
phate. At  the  Haile  mine,  where  I  have  to  deal  with  a  pure  "  iron  sulphuret,"  I 
use  at  present,  but  10  pounds  of  chloride  of  lime  to  15  pounds  of  acid,  and  treat  4 
tons  of  roasted  ore  in  two  chlorinators  during  ten  hours,  and  I  have  not  failed  to 
extract  94  per  cent,  of  the  assay-value. 

The  Haile  mine  ores,  which  have  been  so  long  thd  bugbear  for  economic  treat- 
ment, and  on  which  so  many  experiments  have  failed,  are  offering  no  obstacles 
to  the  barrel-chlorination,  and  are  cheaper  and  easier  to  chlorinate  than  tlie  Phcenix 
ores. 

As  the  success  of  chlorination,  by  whatever  process,  depends  on  a  thorough  roast, 
assuming  that  we  have  clean  concentrates,  it  is  of  the  utmost  importance  that  the 
roaster  should  have  some  guide  to  go  by,  and  to  this  end,  I  lei  him  test  every  charge 
before  drawing  by  a  bright-filed  iron-rod.  A  small  portion  of  the  roasted  ore  is 
boiled  in  water  and  stirred  with  the  bright  iron.  The  least  trace  of  sulphates 
will  stain  the  iron, — a  sign  for  the  workmen  that  the  roasting  is  not  com- 
pleted. 

At  the  Phoenix,  I  use  a  revolvino  pan  furnace  of  12  feet  diameter,  with  a  short 
reverberatory  attached.  From  two  working-doors  the  roaster  can  rabble  the  ore. 
"When  a  charge  is  finished,  the  ore  is  discharged  through  the  hollow  axis  on  which 
the  pan  revolves  into  an  outer  circle  below,  and  is  then  removed  by  scrapers  attached 
to  the  bottom  of  the  pan  into  a  car,  and  delivered  to  the  cooling-lluor,  from  which 
it  is  elevated  into  tlie  chlorination-house.  iSuch  a  pan-furnace  roasts  1  ton  of  raw 
ore  in  twelve  hours,  with  a  consumption  c.f  threeeigliths  of  a  cord  of  wood  and  90 
cents  for  labor.  The  power  necessary  to  drive  the  pan  is  a  small  item,  and  will  not 
exceed  25  cents  per  ton  of  raw  ore. 

At  the  Haile  mine,  a  double  reverberatory  furnace  furnished  2  tons  of  roasted 
ore  every  twenty-four  hours,  with  an  average  consumption  of  1  cord  of  wood  at 
$1  25  per  cord,  and  four  laborers.  The  cost  per  ton  of  roasted  ore  amounts  to 
$2.62J. 

The  cost  of  chlorination  by  the  barrel-process  depends  chiefly  on  the  number  of 
tons  chh)riuated  i)er  day.  Two  men  can  easily  chlorinate  4  tons  in  ten  hours,  ele- 
vate the  ore  and  clean  out  the  fillers,  of  whicii  I  have  four  to  each  ciilorinator; 
and  having  arranged  on  this  basis  the  work  at  the  Haile  mine,  the  cost  for  chlori- 
nating 4  tons  daily  is  as  follows: 
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40  pounds  of  chloride  of  lime  at  3  cents, $1.20 

60  pounds  of  sulphuric  acid  at  2  cents, 1.20 

2  laborers  at  90  cents, 1.80 

1  ciilorin.itor-man,     .         .         • 2.00 

Motive- power, 50 

Total, $6.70 

or  $1.67-}  per  ton. 

Add  to  tills  12^  cents  for  sulphuric  acid  for  miking  sulphate  of  iron,  and  20 
cents  for  repairs  and  wear,  which  is  more  than  liberal,  and  we  have  the  sum  of 
$2  per  ton  for  chlorination,  or  $4.62}  for  roasting  and  chlorinating  1  ton  of  roasted 
ore,  representing  IJ  tons  of  raw  iron-pyrites.  Inside  of  seven  hours  from  the  time 
the  ore  is  in  the  chlorinator,  the  solutions  are  ready  for  precipitation  and  the  tail- 
ings are  clean. 

The  wear  on  tlie  inner  lead-lining  of  the  clilorinators  is  imperceptible, — a 
clilorinator  in  use  at  the  Ph(eni.x  for  over  five  years  does  not  show  any  wear  on  the 
lead. 

That  the  barrel-chlorination  has  advantages  over  the  Plattner  process  cannot  be 
gainsaid,  and  its  successful  working  here  and  at  the  Binker  Hill,  Amador  county, 
California,  where  it  surpassed  the  Plattner  in  results,  will  undoubtedly  lead  to  its 
adoption  in  regions  where  the  auriferous  sulpliurets  are  an  important  factor  in  the 
production  of  gold. 

Hoping  that  these  notes  will  aid  yon  in  your  work,  and  ready  to  give  any  de- 
sired information, 

I  remain  very  truly  yours, 

A.  Thies. 

This  description  is  as  true  of  the  Haile  to-day  as  it  was  two  years 
ago.  The  amount  of  chemicals  varies  between  JO  and  15  pounds 
for  chloride  of  lime  and  15  and  20  pounds  for  sulphuric  acid.  The 
assay-value  of  the  tailings  from  the  chlorinator,  which  are  removed 
from  the  filter-bed  and  thrown  over  the  dump,  is,  on  an  average,  $2 
per  ton. 

6.  Precipitation,  Collection  and  Smelting  of  the  Gold. — The  ferrous 
sulphate  employed  as  a  precipitant  should  be  used  fresh,  and  to  this 
end  it  is  made  up  fresh  for  each  day's  run.  It  is  easily  prepared 
from  one  day  to  another. 

As  already  observed,  care  must  be  taken  to  see  that  the  precipita- 
tion is  complete  by  testing  the  solutions  about  twenty-four  hours 
after  preci])itation.  Generally,  the  total  ab.sence  of  chlorine  and  a 
sweetish  odor  are  fair  indications  of  a  complete  precipitation  after  a 
thorough  stirring  with  ferrous  sulphate. 

At  the  end  of  a  month's  work,  or  whenever  it  is  deemed  neces- 
sary, the  completely-settled  precipitate  is  taken  up  from  the  precipi- 
tating-vats  into  small  lead-lined  tanks  2  feet  by  4  feet  in  size  and  2 
feet  deep,  in  which  it  is  allowed  to  settle  again  for  twenty-four  hours. 
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The  supernatant  liquor  is  then  siphoned  out,  and  the  precipitate  is 
washed  with  boiling- water  until  freed  from  most  of  the  iron-salts. 
It  is  then  collected  on  filters,  dried  and  melted  in  Dixon  cru- 
cibles with  borax  and  soda,  and  shipped  to  the  United  States  Assay 
OfiEice  at  Charlotte,  N.  C.     Its  fineness  varies  between  975  and  985. 

The  successful  treatment  of  2353  tons  of  concentrates  from  the 
Haile  mine  by  this  process  is  all  the  more  gratifying  because  of  the 
failure  of  all  other  processes  here  to  work  at  a  profit. 

It  is  commended  to  those  who  have  to  deal  with  large  quantities 
of  low-grade  sulphurets  in  the  belief  that  it  will  solve  their  difficul- 
ties, and  enable  them  to  work  such  ores  profitably.  For  simplicity, 
cheapness  and  adaptability  to  such  ores,  it  cannot  be  too  highly 
praised. 


INTERNATIONAL  STAND  ABDS  FOR  THE  ANALYSIS  OF 
IRON  AND  STEEL, 

NOTES    ON    THE    WORK    OF  THE    AMERICAN    COMMITTEE. 

BY  JOHN  W.    LANGLEY,    PITTSBURGH,    PA. 

(Pittsburgh  International  Session,  October,  1890.) 

In  the  summer  of  1888  it  was  the  fortune  of  the  writer  to  present 
the  sul)ject  of  the  desirability  of  establishing  a  set  of  samples  of 
steel,  which  should  be  analyzed  with  extreme  care,  in  order  that  they 
might  become  standards  to  which  scientific  and  commercial  analyses 
of  iron  and  steel  could  be  subsequently  referred  ;  also,  that  greater 
uniformity  in  the  results  of  analyses  might  be  brought  about,  since 
these  standards  would  bear  towards  analytical  methods  somewhat 
the  position  which  the  original  units  of  weight  and  length,  the 
gramme  and  meter,  or  the  pound  and  yard,  preserved  in  Paris, 
London,  and  Washington,  do  to  the  mechanical  arts. 

The  plan  met  with  hearty  co-operation,  with  the  result  that  com- 
mittees were  appointed  in  Sweden,  Germany,  France,  England,  and 
America,  to  receive  the  material  and  to  see  that  the  necessary  an- 
alyses were  executed. 

In  England,  the  British  Association  for  the  Advancement  of 
Science  appointed  a  committee,  which  subsequently  published  a  plan 
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of  operations  for  that  country,  details  of  which  will  be  found  in  the 
Reports  of  tlie  British  Association  for  1888  and  1889. 

The  writer  of  this  paper  was  entrusted  with  the  duty  of  preparing 
the  material  and  distributing  it  to  the  five  countries  named.  This 
has  been  done,  and  analytical  work  on  the  steel  is  now  going  for- 
ward. 

In  the  United  States  a  committee  of  seven  chemists  was  appointed 
to  make  the  analyses,  consisting  of:  Andrew  A.  Blair,  Pliiladelj)hia, 
Pa. ;  Regis  Chauvenet,  Golden,  Colo.  ;  Thomas  M.  Drown,  Boston, 
Mass. ;  Charles  P.  Dudley,  Altoona,  Pa. ;  John  W.  Langley,  Pitts- 
burgh, Pa.;  Albert  B.  Prescott,  Ann  Arbor,  Mich,  j  Porter  W. 
Shimer,  Easton,  Pa. 

This  committee  held  a  meeting  at  Washington,  February  19th, 
1890,  and  came  to  the  decision  that  the  whole  subject  of  the  exist- 
ing methods  for  the  determination  of  carbon  in  iron  and  steel  seemed 
to  be  affected  by  so  many  discrepancies  and  differences  of  opinion 
that,  before  beginning  work  on  the  international  standards,  it  would 
be  desirable  to  make  a  preliminary  study  of  methods.  Accordingly, 
the  writer  was  asked  to  prepare  some  additional  material  which  could 
be  used  in  somewhat  large  quantities  for  the  above  purpose  only, 
and  >vhich  should  be  known  as  the  "  experimental  standards,"  to 
distinguish  them  from  the  "  international  "  ones. 

Experimental  Standards. 

An  ingot  of  tool-steel,  3|  inches  square,  poured  from  a  single 
crucible  in  which  the  metal  had  been  thoroughly  "  dead-melted," 
was  heated  and  hammered  barely  enough  to  round  off  the  corners. 
The  ingot  was  then  cut  into  two  pieces,  one  of  which  was  reheated 
and  hammered  down  to  a  bar  1|  x  f  inches.  The  other  half  of  the 
ingot  was  turned  in  a  lathe  with  a  blunt  tool,  exactly  as  in  the  manu- 
facture of  the  international  standards,  and  the  turnings,  after  sifting 
from  fine  dust,  were  thoroughly  mixed  and  then  sealed  up  in  glass 
jars.  The  hammered  bar  was  drilled,  and  the  drillings  similarly 
treated.  This  material  was  given  by  the  Crescent  Steel  Company  of 
Pittsburgh. 

The  object  of  this  was  to  have  two  bodies  of  metal  presumably 
identical  in  original  composition,  but  one  of  which  had  received  a 
large  amount  of  mechanical  work,  the  other  approximately  none. 
These  samples  are  respectively  designated  Experimental  Standard  In- 
got, and  Experimental  Standard  Hammered. 
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Scope  of  the  Proposed  Work. 
The  committee  decided  to  limit  the  investigation  to  the  following 
points  at  first : 

a.  The  best  method  of  conducting  the  igneous  combustion  of  the 
carbon  previously  liberated  from  the  metal  by  a  solvent. 

b.  The  best  method  of  conducting  the  aqueous  combustion  of  the 
carbonaceous  residuum  left  by  the  solvent. 

c.  The  influence  of  the  solvent  on  the  quantity  and  mode  of  re- 
lease of  the  carbon. 

For  division  a,  it  was  decided  to  commence  with  a  study  of  the 
method  of  burning  the  carbon  in  a  stream  of  oxygen. 

This  work  was  assigned  to  Messrs.  Blair,  Dudley,  and  Shinier. 

For  6,  the  examination  of  oxidation  methods  by  hot  solutions  of 
sulphuric  and  chromic  acids.     Work  by  Mr.  Langley. 

For  c,  the  use  of  a  double  chloride  of  copper  and  ammonium,  or 
of  copper  and  potassium,  either  neutral  or  acid.  Work  by  Messrs. 
Blair  and  Dudley. 

A  description  of  the  apparatus  for  igneous  combustion  is  as  fol- 
lows : 

The  apparatus  used  by  Dudley  consisted  of  an  ordinary  Bunsen 
furnace,  with  fifteen  burners,  in  which  was  a  porcelain  combustion- 
tube  five-eighths  of  an  inch  internal  diameter,  and  eighteen  inches 
long.  Inside  this  tube,  about  three  inches  from  the  end  toward  the 
absorption-aj)paratus,  was  granulated  and  porous  oxide  of  copper, 
occupying  about  four  inches  of  the  length  of  the  tube,  and  filling 
the  bore.  This  was  held  in  place  by  asbestos  plugs  at  either  end. 
Next  to  the  oxide  of  copper,  toward  the  boat,  was  placed  a  roll  of 
metallic  silver  about  four  inches  long,  nearly  filling  the  bore  of  the 
tube.  Rubber  corks  were  used  at  each  end.  The  combustions  were 
all  made  in  oxygen  gas,  using  air  to  finish  the  aspiration  and  clean 
out  the  tube.  The  oxygen  gas  used  was  obtained  in  the  market  in 
cylinders,  the  gas  being  compressed  to  250  pounds  per  square  inch. 
Between  the  oxygen-holder  and  the  combustion-tube  was  placed, 
first,  a  copper  tube  about  four  feet  long,  and  one  quarter-inch  in 
diameter,  fitted  with  three  coils  at  the  middle  ;  next,  a  potash-bulb, 
and  after  that  a  chloride  of  calcium  tube.  All  the  oxygen  gas,  and 
the  air  used  in  the  combustions,  was  passed  through  these  parts.  The 
copper  coils  were  kept  red-hot  by  a  Bunsen  burner  during  the  pas- 
sage of  the  gases,  the  idea  being  to  burn  any  possible  traces  of  com- 
bustible in  the  gas  or  air,  and  absorb  the  COg  formed  before  they 
should  go  into  the  combustion-tube.     Between  the  absorption  end  of 
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tlie  comhustion-tnbe  and  the  potasli-bulhs  were,  first,  a  washing-tube 
containing  about  five  cc.  of  sulpliate  of  silver  solution,  with  perhaps 
one-half  gramme  of  silver  sulphate  ;  and  next,  a  chloride  of  calcium 
tube.  The  jiotash-bulbs  were  of  the  Geissler  form,  of  small  size, 
made  to  order.  These  were  fitted  with  a  small  chloride  of  calcium 
tube  containing  chloride  of  calcium  simply,  and  commonly  called 
the  prolong.  The  whole  absorjition-apparatus  weighed,  when  charged, 
about  sixty  grammes.  The  absorbing  solution  in  the  bulbs  was  the 
ordinary  caustic  potash  solution  recommended  by  Fresenius.  The 
absorption  apparatus  was  protected  against  the  aspirator  bottle  by  a 
full-size  chloride  of  calcium  tube.  The  joints  were  made  with  ordi- 
nary rubber  tubing.  The  carbon  from  the  steel  was  caught  on  an 
asbestos  filter  in  a  platinum  boat,  and  dried  after  very  complete  wash- 
ing at  about  90°  C.  The  boat,  with  its  filter  and  carbon,  was  put  into 
the  tubes  without  transfer.  During  combustions,  a  slight  pressure 
above  the  atmosphere  was  always  maintained  in  the  combustion- 
tube.  Careful  experiments  show  that  the  sulphate  of  silver  wash- 
ing-tube is  a  complete  protection  against  hydrochloric  acid,  and  the 
metallic  silver  in  the  tube  was  relied  on  for  protection  against  free 
chlorine  or  other  chlorine  compounds.  The  time  of  making  a  com- 
bustion was  about  an  hour  and  a  quarter;  fifteen  to  twenty  minutes 
being  taken  to  heat  the  oxide  of  copper,  about  half  an  hour  for  the 
burning,  and  twenty-five  to  thirty  minutes  for  the  air  aspiration. 
Blair's  api)aratus  is  substantially  the  same  as  the  al)ove.  His  purify- 
ing train  following  the  combustion-tube  contains  a  tube  of  anhydrous 
sulphate  of  copper  on  pumice-stone.  The  tube  is  always  freshly  filled. 
Shimer's  apparatus  is  a  porcelain  tube  containing  oxide  of  copper. 
A  stream  of  j)urified  oxygen  is  used.  An  anhydrous  coi>per  sul- 
phate absorbing-tube  is  employed,  and  then  the  customary  CaClj, 
KHO  and  CaClj  absorbents. 

Preliminary  Results  ey  Oxygen  Combustion. 
In  the  following  analyses  a  solution  of  double  chloride  of  copper 
and  ammonium,  except  where  otherwise  noted,  was  used  as  the  solvent 
of  the  steel.  The  carbon  sponge  was  washed  with  dilute  IICl  and 
water  until  the  filtrate  was  free  from  chlorine;  then  the  asbestos, 
with  adhering  carbon,  was  put  into  the  combustion-tube.  These 
determinations  were  made  before  the  elements  of  uncertainty  attach- 
ing to  the  use  of  double  chloride  were  discovered,  and  it  will  be  seen 
in  the  latter  part  of  this  paper  that  quite  diflferent  numbers  can  be 
obtained. 
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Under  date  of  April  22,  1890,  Dudley  reports:  Experimental 
standard  "  ingot  "  contains  : 

Per  cent. 

Carbon, 1.058 

1.065 

1.052 

1.058 

Average, 1.058 

Ditto,  "  hammered  "  standard  : 

Per  cent. 

Carbon, 1.050 

1.051 

1.051 

1.060 

" 1.050 

1.056 

'« 1.056 

Average, 1.053 

Under  date  of  April  5,  1890,  Blair  reports  that,  using  double 
chloride  of  copper  and  ammonium,  with  enough  ammonia  added 
to  produce  a  slight  cloud,  and  re-dissolving  the  basic  salts  formed 
in  acidulated  double  chloride,  he  obtains  : 

Ingot.  Hammered. 

Per  cent.  Per  cent. 

Carbon 1.016  1.022 

1.013  1.020 

" 1.015  1.025 

« 1.010  1.022 

He  then  weighed  out  four  portions  of  the  "  ingot  "  sample,  and 
added  to  each  200  cc.  double  chloride  of  copper  and  ammonium, 
after  adding  to  each  the  following  amounts  of  strong  HCl  : 

HCl.  Carbon.   ' 

Per  cent. 

10  cc, 1.048 

20   " 1.048 

30   " 1-048 

40   " 1-051 

He  then  took  four  portions  of  the  "hammered"  sample  and  treated 
them  each  with  200  cc.  of  double  chloride  and  20  cc.  HCl.    Results : 

Per  cent. 

Carbon, 1.046 

1.046 

" 1.044 

" 1.049 
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Showing  that  the  addition  of  HCl  in  excess  of  5  per  cent,  does 
not  sensibly  vary  the  results. 

A  combustion  of  sugar  at  the  same  time  showed : 

Per  cent. 

Carbon, 42.05 

" 42.14 

Theoretical  carbon  in  sugar,     .......    42.11 

In  answer  to  the  suggestion  that,  possibly,  oxides  of  nitrogen 
might  be  derived  from  the  breaking  up  of  ammonia  retained  by  the 
carbon  sponge,  Blair  reports,  under  date  of  April  17th,  that  he  has 
made  four  combustions  on  tlie  "  ingot "  sample,  using  a  four  times 
re- crystallized  double  chloride  of  copper  and  potassium. 

Per  cent. 

No.  1,  carbon 1.010 

"    2,       " 1.044 

"    3,       " 1.012 

"    4,       " 1.022 

No.  1  was  dissolved  in  the  filtered  solution  of  the  above  double 
chloride. 

No.  2  was  dis.solved  in  200  cc.  double  chloride,  with  200  cc.  strong 
HCl. 

Nos.  3  and  4  were  dissolved  in  the  filtered  double  chloride,  to 
which  enough  potassic  hydrate  had  been  added  to  produce  a  slight 
permanent  precipitate. 

Blair  offers  the  hypothesis  that  a  strictly  neutral  or  slightly  alka- 
line double  chloride  dissolves  a  small  portion  of  the  carbonaceous 
matter,  which  is  consequently  lost  so  far  as  the  combustion  is  con- 
cerned. Therefore,  the  addition  of  acid,  by  preventing  this  action 
of  the  liquid  on  the  carbon  sponge,  will  give  higher  and  more  nearly 
accurate  results. 

That  the  use  of  an  acid  double  chloride  solution  gives  higher  re- 
sults was  promptly  verified  by  Dudley  and  Langley.  This  subject 
is  more  fully  discussed  in  the  latter  portion  of  this  paper. 

Shimer  reports,  April  25th,  that  by  using  four  gramuies  of  steel 
in  a  neutral  solution  of  double  chloride  of  copper  and  ammonium, 
he  obtains : 

"  Ingot,"  average  of  two  combustions,  1.055  per  cent. 

"Hammered,"  average  of  two  combustions,  1.052  per  cent. 

Preliminary  Results  by  the  Wet  Method. 
The  chromic  acid  combustion  was  conducted  in  an  apparatus  origi- 
nally designed  by  Prof.  Hermann  Wedding,  although  the  method  of 
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absorption  used  by  him  has  been  radically  modified.  Wedding's 
design  consists  of  a  flask  capable  of  holding  220  cc,  and  provided 
with  a  glass  cap  of  two  tubulures.  Through  one  of  these  passes  a 
funnel-tube  with  stop-cock,  and  through  the  other  the  delivery-tube, 
surrounded  by  a  water-jacket.     All  the  joints  are  of  ground-glass. 

The  merit  of  this  apparatus  is  its  compactness  and  its  freedom 
from  rubber  or  cork  joints,  at  least  in  the  parts  liable  to  come  in 
contact  with  chromic  acid.  The  absorption-train,  which  is  wholly 
different  from  Wedding's,  consists  of: 

1st.  A  tube  filled  with  pumice-stone  and  anhydrous  sulphate  of 
copper. 

2d.  A  small  washing-bottle  containing  the  "pyro"  solution  re- 
ferred to  later  on. 

3d.  A  solution  of  sulphate  of  silver. 

4th.  A  wash-bottle  of  strong  sulphuric  acid. 

5th.  A  chloride  of  calcium  tube,  having  a  small  plug  of  moist 
cotton  in  its  anterior  end. 

6th.  A  Liebig  tube,  containing  potassic  hydrate  solution. 

7th.  A  U  tube,  having  solid  potassic  hydrate  in  its  anterior  limb, 
and  granulated  calcium  chloride  in  the  posterior  one. 

8th.  A  chloride  of  calcium  guard-tube. 

9th.  An  aspirator  filled  with  water. 

The  absorption  portion  for  COj  is  constituted  by  Nos.  6  and  7. 
The  other  parts,  except  Nos.  2  and  3,  need  no  explanation,  since 
they  are  well-known  adjuncts  of  the  chromic  acid  method  described 
in  such  treatises  on  analysis  as  those  of  Fresenius  and  of  Blair. 

The  method  of  conducting  a  combustion  is  to  place  the  carbon, 
which  has  been  liberated  from  3  grammes  of  steel  by  the  action  of 
150  cc.  of  solution  of  double  chloride  of  copper  and  ammonium,  to 
which  10  cc.  of  HCl  has  been  added,  in  the  flask,  and  run  in 
through  the  funnel  tube  100  cc.  of  a  solution  made  by  dissolving 
10.5  grammes  CrOs  and  66  cc.  HjO  in  210  cc.  strong  HaSO^. 
Purified  air  is  drawn  through  at  the  end  of  the  combustion. 

The  train  at  first  used  did  not  contain  the  "  pyro  "  tube  No.  2. 
Under  these  conditions  the  following  numbers  were  obtained  from 
the  experimental  "  ingot  "  standard  : 

Per  cent. 

Carbon 1.099 

" 1.145 

" 1.040 

' 1.058 

" 1.109 
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A  search  was  instituted  to  find  the  reason  of  these  discordant 
results.  It  is  well  known  that  the  carbon  sponge  from  the  action 
of  the  double  chloride  retains  chlorine  or  hydrochloric  acid  in  a 
form  not  removable  by  washing;  suspicion  at  once  fell  upon  the 
HCl  known  to  be  evolved  from  the  carbon  sponge. 

A  series  of  blank  combustions  was  made,  and  also  mixtures  of 
air  and  HCl  were  drawn  through  the  absorption-train.  It  was 
found  that  the  anhydrous  CUSO4  would  stop  HCl  only  when  it  was 
])erfcctly  fresh  and  in  relatively  large  qtiantity,  a  quite  small  degree 
of  iiydration  impairing  its  absorbing  j>owers  seriously.  A  tube 
containing  an  aqueous  solution  of  sulphate  of  silver  was  then  added 
to  the  CuSO^  tube  with  the  result  that  vapors  of  HCl  are  perfectly 
and  completely  arrested.  When  this  point  was  establislied  blank 
combustions  were  made  and  small  quantities  of  chlorides  introduced 
into  the  chromic  acid  mixture  ;  it  was  invariably  found  that  the 
potash-bulbs  gained  in  weight.  As  one  example  out  of  many  the 
following  is  quoted  : 

One-tenth  of  a  gramme  of  NaCl  in  generating  flask  ;  CuSO^  and 
AggSO^  al)Sorbents  were  interposed.  The  silver  solution  showed 
not  a  trace  of  chloride  and  yet  the  potash-train  gained  .0055  gramme. 

This  gain  appears  to  be  owing  to  chloro-chromic  anhydride,  or 
to  oxides  of  chlorine,  not  absorbable  by  copper  or  silver  sulphates. 

This  observation  is  not  new,  for  it  had  previously  been  noted  by 
A.  A,  Blair  that  chloro-clironn'c  anhydride  was  not  arrested  by 
cop])er  sulphate. 

After  a  long  series  of  experiments  an  absorbent  for  these  bodies 
has  been  found  in  the  following  solution  : 

Pyrogallic  acid, 2  f;;ramme. 

Potassic  oxalate, 5.  " 

Sodic  chloride, 3.  " 

Sulpluiric  acid, 2  " 

Water  to  make  up  to 20         cc. 

The  theory  of  the  action  of  this  mixture  is  as  follows  : 
The  pyrogallic  and  oxalic  acids  are  deoxidants.  The  sulphuric 
acid  will  form  potassic  sulphate  liberating  a  very  little  free  oxalic 
acid  to  guard  against  the  solution  becoming  alkaline.  The  sodium 
chloride  is  not  essential,  but  it  is  advantageous  by  diminishing  the 
solubility  of  COj  in  the  liquid. 

The  action  of  this  absorbent  is  very  energetic.  It  will  allow 
HCl  to  pass  through  it  without  change,  but  the  smallest  traces  of 
free  chlorine,  or  of  oxides  of  chlorine,  t)r  of  chloro-chromic  anhy- 


622    INTERNATIONAL  STANDAEDS  FOR  IRON  AND  STEEL  ANALYSIS. 


dride,  at  once  turn  the  solution  brown,  and  are  either  arrested  or 
changed  into  HCl.  Indeed,  as  a  qualitative  re-agent  this  liquid 
will  approximate  to  iodized  starch  paper. 

In  using  this  in  the  absorbing  train,  the  copper  sulphate  tube 
may  be  dispensed  with,  the  pyrogallic  liquid  being  used  in  its  place, 
and  followed  by  a  sulphate  of  silver  tube,  so  that  the  train  between 
the  generating  flask  and  the  potash-bulbs  will  contain  :  1.  A  cooling 
tube;  2.  The  "pyro;"  3.  The  sulphate  of  silver;  4.  Sulphuric 
acid  ;  5.  Chloride  of  calcium. 

Blank  "  combustions"  were  made  as  before  with  NaCl  using  the 
pyro-train  till  it  was  proved  that  there  was  no  systematic  gain  in 
weight  of  the  potash-bulbs. 

As  examples  of  carbon  oxidation  in  'presence  of  chlorides:  Taken 
.0712  gramme  sugar  with  a  crystal  of  NaCl ;  found  .1098  gramme  COg. 
Theory  .110  gramme.  Taken  .030  gramme  Ceylon  graphite,  of  about 
3  per  cent,  ash ;  found  .0^92  carbon,  equal  to  97.3  per  cent,  carbon- 

The  following  analyses  were  made,  using  the  new  train : 


Experimental  Standard,   Hammered, 
«  (I  (t 

"  "  Ingot, 


Per  cent.  C. 
L075 
1.070 
1.041 
1.034 


It  seemed  possible  that  the  carbon  sponge  left  on  the  asbestos, 
after  filtering  from  the  double  chloride  solution,  might  suffer  a 
slight  oxidation  and  loss  of  carbon  while  drying.  A  set  of  dupli- 
cate analyses  were  therefore  made  on  a  variety  of  steels.  The  terms 
wet  and  dry,  below,  refer  to  the  state  of  the  carbon  sponge  when 
introduced  into  the  chromic  acid  flask.  The  drying  was  performed 
at  a  temperature  not  above  100°C. 


Steel 


A, 
B, 
C, 
D, 
E, 
E, 


Pig 


Totals,     . 
Average, 

These  determinations   were    mat 
variability  of  action  of  (hVible  ch 


Per  cent.  Carbon. 
Wet.  Dry. 

.981         .936 
.836        .813 
.904        .891 
1.054      1.073 


1.145 
1.095 
1.027 
3.695 


1.154 

1.108 

.968 

3.722 


10.737     10.665 
1.342       1.333 


e   before   the  discovery  of  the 
oride    with  age  and   manner  of 
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crystallizing,  to  be  pointed  out  hereafter.  Moreover,  they  were 
distributed  over  a  jieriod  of  three  months,  so  that  some  of  the  dif- 
ferences may  be  proj*erly  attributed  to  the  chlorides  used.  Still, 
these  would  pretty  well  neutralize  each  other  in  sixteen  determina- 
tions, so  that  the  practical  identity  of  the  final  averages  would 
appear  to  show  that  the  sponges  do  not  lose  appreciable  amounts  of 
carbon  by  drying. 

On  the  other  hand,  the  "  Hammered  "  Standard,  similarly  treated, 
]>ut  having  the  sponge  dried  in  an  air-bath  at  a  temperature  not 
exceeding  120°  C,  gave, 

Wet.  Dry. 

Per  cent.  Per  cent. 

Carbon, 1.0(54  1.027 

......         1.059  1.023 

1.064  1.018 

"                 1.045  1.032 

Average, 1.058  1.025 

.  Apparently,  therefore,  there  is  a  loss  of  carbon  by  drying  the 
sponge  at  temperatures  above  100°  C.  The  same  double  chloride, 
acidulated,  was  used  in  these  eight  determinations. 

Mode  of  Release  of  Carbon. 

In  pursuance  of  the  special  work  assigned  to  Dudley,  in  a  study 
yf  the  phenomena  attending  the  release  of  the  carbon  from  its  con- 
nection with  iron  in  the  steel,  some  quite  surprising  results  have  been 
obtained.  It  is,  })erhaps,  not  too  much  to  say  that  sufficient  work 
has  already  been  done  to  throw  doubt  on  the  accuracy  of  all  recent 
carbon  determinations  made  with  preliminary  solution  of  the  steel 
in  double  chloride  of  copper  and  ammonium. 

Dudley  began  his  study  of  this  problem  of  the  release  of  the  car- 
bon by  quite  an  amount  of  preliminary  study  on  the  reliability  of 
his  aj)paratus  and  method  of  making  combustions.  A  number  of 
modifications  were  tried,  but  finally  the  apparatus  and  method  pre- 
viously described  were  settled  upon,  and  this  apparatus  and  method 
were  checked  up  by  the  following  determinations  : 

In  an  ordinary  glass  combustion-tube  some  60  grammes  of  the  well- 
known  combustion-mixture  of  chromate  of  lead  and  bichromate  of 
})otash  were  placed,  taking  care  that  the  material  did  not  reach  to 
either  end  of  the  tube,  and  holding  it  in  place  at  each  end  by  asbes- 
tos plugs  previously  ignited.  The  tube  was  then  placed  in  the 
furnace  and  a  combustion  made  in  the  regular  way,  the  position  of 
the  material,  not  reaching  to  either  end,  allowing  the  whole  of  it  to 
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be  uniformly  heated.  This  combustion  was  simply  a  blank  to 
eliminate  any  possible  error  due  to  impurities  in  the  combustion 
mixture.  A  small  increase  in  weight  in  the  absorption  apparatus 
was  found,  and  a  second  blank  gave  exactly  the  same  results.  This 
being  done,  three  samples  of  three  grammes  each  of  the  experimental 
standard  "  ingot"  were  treated  with  200  cc.  each  of  the  same  double 
chloride  solution  rendered  acid  by  10  cc.  HCl.  As  this  solution  of 
double  chloride  will  be  referred  to  hereafter,  we  will  say  that  it  was 
made  in  Dudley's  laboratory  by  obtaining  from  the  market  commer- 
cial chloride  of  copper  and  commercial  chloride  of  ammonium,  and 
dissolving  these  in  water  and  mixing  them  in  the  proportions  to 
form  a  double  chloride  containing  one  molecule  each  of  the  two  salts. 
A  small  amount  of  free  ammonia  was  added,  enough  to  cause  a  per- 
ceptible separation  of  hydrated  oxide  of  copper.  The  solution  was 
then  allowed  to  settle,  and  was  always  filtered  through  previously 
ignited  asbestos  before  using.  This  will  be  called  solution  **  A," 
and  it  will  be  observed  that  the  solution  had  not  been  crystallized. 
After  solution  was  complete,  the  three  tests  were  filtered  into  plati- 
num boats,  and  three  combustions  made.  Two  of  these  combustions 
were  made  in  glass  tubes,  using  exactly  the  same  amount  of  com- 
bustion-mixture as  in  case  of  the  blanks  above  described,  and  fol- 
lowing the  same  manipulation,  except  that  the  boats  with  their 
carbon  were  buried  in  the  combustion  mixture  in  the  tube.  Thf 
third  combustion  was  made  in  the  apparatus,  and  by  the  method 
previously  described  as  Dudley's  apparatus  and  method.  The 
results  obtained  from  these  three  combustions  were  as  follows  : 

Per  cent. 
Combustion-mixture  No.  1,  after  allowing  for  blank,  gave 

carbon, 1.102 

Combustion -mixture  No.  2,  after  allowing  for  blank,  gave 

carbon 1.109 

Combustion  with  Dudley's  apparatus  and  method,     .         .  1.106 

Average, 1.106 

The  results  were  regarded  as  showing  that  Dudley's  apparatus 

and  mctliod  gave  fairly  reliable  results  so  far  as  the  combustion  was 

concerned. 

But  these  results  were  confirmed  by  two  further  tests,  as  follows: 

First — A  direct  combustion  of  crystallized  and  pulverized  sugar  in 

the  same  apparatus,  and  immediately  following  the  last  steel  analysis 

above,  gave  : 

Per  cent. 

Carbon, .         .         42.02 

Tlieoretical  carbon  in  sugar, 42.11 
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Second,  this  was  followed  by  a  blank  coinbnstion,  evcrvthiiig 
being  done  exactly  as  in  a  regular  combustion,  except  that  nothing 
was  put  in  the  combustion-tube.  This  blank  showed  a  loss  in  the 
weight  of  the  absorption  apparatus  of  two-tenlhs  of  a  milligramme. 

The  apparatus  and  method  being  regarded  as  satisfactory,  atten- 
tion was  next  given  to  tiie  release  of  the  carbon.  Experiments  were 
planned  to  demonstrate  the  effect  of  different  states  of  dilution  of  the 
double  chloride  solution  on  tl\e  release  of  the  carbon  ;  also,  to  deter- 
mine whether  large  or  small  amounts  of  double  chloride  solution 
changed  results,  and  also  to  determine  whether  varying  amounts  of 
chloride  of  ammonium  relative  to  the  chloride  of  copper  present  pro- 
duced any  change.  Before  this  part  of  the  work  was  fairly  entered 
on,  however,  a  shipment  of  crystallized  double  chloride  was  ol)tained 
from  the  market.  Since  it  had  already  been  noticed  in  the  work 
done  on  apparatus  and  method  previously  alluded  to  that  discordant 
results  were  frequently  obtained,  it  was  at  first  suspected  that  the 
apparatus  and  method  were  at  fault,  but  after  the  tests  of  the  ajipa- 
ratus,  above  given,  were  made,  suspicion  fell  on  the  double  chloride, 
and  accordingly  a  nearly  saturated  solution  was  made  from  the  ship- 
ment above  alluded  to.  This  solution  will  be  called  solution  "  B." 
Four  combustions  of  the  experimental  standard  ingot  were  made, 
using  200  cc.  of  solution  "  B  "  rendered  acid  with  10  cc.  of  HCI. 
These  gave  results  as  follows  : 

Per  cent. 

Ko.l,  Carbon, L070 

No.  2,      " 1.067 

No.  3,      " LOGO 

No.  4,      " LOG.') 

Average, 1.065 

These  results,  it  will  be  observed,  are  a  trifle  over  .04  per  cent, 
lower  than  were  obtained  with  the  same  steel,  with  the  same  appa- 
ratus and  method,  but  using  the  uncrystallized  double  chloride  .solu- 
tion "A."  The  problem  at  once  arose  how  to  reconcile  these  dis- 
crepancies. Obviously,  if  the  apparatus  and  method  could  be  trusted, 
either  the  solution  "A"  contributed  something  to  the  absorption 
apparatus,  which  was  weighed  and  counted  as  carbon,  or  solution 
"B"  dissolved  and  carried  off  some  of  the  carbon  in  the  steel — or 
possibly  both.     Who  could  tell  where  the  truth  lay? 

The  first  attempt  to  unravel  the  mystery  consisted  in  taking  450 
cc.  of  solution  "A"  with  25  cc.  of  HCI,  and  adding  to  it  1  gramme 

VOL.  XIX.— 40 
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of  steel.  After  the  reaction  was  complete,  and  the  solution  had  been 
thoroughly  mixed,  it  was  filtered  through  asbestos.  The  result  of 
this  treatment  was  that  this  450  cc.  of  solution  "A"  had  now  in  it 
some  sub-chloride  of  copper,  some  chloride  of  iron,  and  also  carbon 
liberated  from  steel  which  bad  been  floating  around  in  it,  affording  an 
opportunity  for  any  material  that  might  be  separated  from  the  solu- 
tions by  the  reaction  to  attach  itself  and  be  filtered  out.  The  reason- 
ing was  as  follows  :  If  double  chloride  solution  "A"  contains  any 
carbonaceous  material  in  solution  which  separates  when  the  solution 
is  treated  with  steel,  thus  causing  high  results,  a  part,  at  least,  of  this 
material  will  separate  when  the  450  cc.  are  treated  with  1  gramme 
of  steel,  and  be  removed  by  the  subsequent  filtration,  and  conse- 
quently combustions  made  with  the  use  of  this  treated  double  chloride 
solution  "A,"  M'ill  show  lower  results.  Two  combustions  were 
accordingly  made  of  the  experimental  standard  ingot,  everything 
being  exactly  as  in  the  previous  combustions,  except  the  use  of  the 
treated  double  chloride  solution  "A."     These  combustions  gave : 

Per  cent. 
Ko.l,  Carbon, 1.076 

No.  2,       "  1.070 

• 

Average,  .........         1.073 

Here  was  a  reduction  of  a  little  over  .03  percent,  from  the  figures 
obtained,  using  solution  "A"  untreated  with  steel,  and  the  figures 
seem  to  indicate  quite  clearly  that  uncrystallized  double  chloride  so- 
lution "A"  contained  something  in  solution  that  separated  during 
the  reaction  with  the  steel,  and  gave  erroneous  and  too  high  results. 

In  confirmation  of  this  view,  the  following  experiments  were  made: 
200  cc,  the  usual  amount  for  a  combustion,  of  solution  "A"  witii  10 
cc.  of  acid  was  treated  with  5  grammes  of  the  experimental  standard 
ingot,  instead  of  3  ;,  the  assumption  being,  if  there  is  a  certain  amount 
of  carbonaceous  matter  in  solution  "A"  which  comes  out  during  the 
reaction  with  the  steel,  lower  results  will  be  obtained  if  this  error  is 
divided  over  a  larger  amount  of  steel.  Two  combustions  were  made 
on  this  plan,  which  gave  results  as  follows: 

Per  cent. 

No.  1,  Carbon, .         1.049 

No.  2,      " 1082 

Average, 1.065 

It  is  possible  that  the  first  of  these  duplicates  is  a  little  low,  as  the 
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carbon  sponge  from  the  larger  amount  of  steel  was  a  little  diffioult  to 
manacre  in  the  boat;  but  as  both  the  results  are  lower  than  those 
previously  obtained  from  solution  "A,"  it  is  evident  they  point  in 
the  direction  that  there  is  something  in  solution  "A"  that'should  not 
be  there. 

One  more  experiment  was  made  on  solution  "A,"  as  follows  : 
1000  cc.  of  this  solution  was  treated  with  50  cc.  of  HCl,  and  allowed 
to  stand  for  some  time.  This  solution  was  then  filtered  on  the  boat, 
and  although  nothing  was  visible  to  the  eye,  a  combustion  was  made. 
The  absorption  apparatus  showed  an  increase  in  weight  of  :]}y  milli- 
grammes. This  corresponds  to  a  trifle  over  .006  per  cent,  of  carbon 
in  the  steel  which  had  been  used  in  all  the  previous  tests.  This 
apparently  indicates,  that  although  solution  "A"  probably  contains 
something  which  it  should  not,  that  something  only  separates  very 
slightly  when  the  solution  is  treated  with  acid. 

Thus  far  the  evidence  seems  to  point  quite  strongly  in  the  direc- 
tion that  uncrystallized  double  chloride  solution  contains  some  car- 
bonaceous matter  which  separates  during  the  reaction  with  the  steel. 
But  who  knows  that  crystallized  double  chloride  does  not  also  con- 
tain carbonaceous  matter  ?  And  still  further,  who  knows  that  either 
crystallized  or  uncrystallized  double  chloride  does  or  does  not  dis- 
solve some  of  the  carbon  of  the  steel  during  the  reaction,  and  thus 
produce  a  loss? 

Upon  the  first  of  these  questions  the  following  experiments  were 
made:  450  cc.  of  solution  "B,"  which,  it  will  be  remembered,  was 
made  from  crystallized  double  chloride  obtained  from  the  market, 
was  treated  with  1  gramme  of  steel  and  acid,  as  previously  described 
for  solution  "A,"  and  two  combustions  made.  These  two  combus- 
tions gave : 

Per  cent. 

No.  1,  Carbon, l-O^iO 

No.2,       "  .         .        .        : 1061 

Average, l-0t50 

These  results  are,  it  will  be  observed,  only  about  .005  per  cent, 
lower  than  were  obtained  with  the  same  solution  untreated  with 
.steel,  and  seem  to  indicate  that  crystallization  removes  at  least  the 
largest  part  of  the  carbonaceous  material,  such  as  was  characteristic 
of  solution  "A."  But  the  mother-liquor,  from  which  the  crystals 
forming  solution  ''B"  were  obtained,  mav  not  have  contained  any 
large  amounts  of  carbonaceous  matter. 
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In  continuation  of  this  same  study  four  more  combustions  were 
made,  two  of  them  using  solution  "  B,"  but  no  acid,  and  tlie  other 
two  likewise  using  solution  "  B  "  and  no  acid,  but  treating  the  solu- 
tions with  •steel,  as  previously  described.  These  combustions  showed 
as  follows : 

Untreated.  Treated. 

Per  cent.  Per  cent. 

Ko.  1,  Carbon, L036  1.030 

Iso.  2,        " 1.035  1.024 

Average, 1.035  1.027 

These  results  are  about  .008  per  cent,  lower  for  the  treated 
double  chloride  than  for  the  untreated,  but  the  number  of  analyses 
and  the  number  of  samples  of  crystallized  double  chloride  experi- 
mented upon  seem  hardly  sufficient  to  set  at  rest  the  question  as  to 
whether  crystallization  completely  removes  the  probable  difficulty 
due  to  carbonaceous  matter  in  the  mother  liquor. 

Thinking  that  possibly  carbonaceous  matter  might  be  introduced 
into  the  double  chloride  solution  '*  A"  by  the  commercial  chloride 
of  ammonium  used  in  making  it,  four  combustions  were  made,  using 
some  of  the  same  shipment  of  chloride  of  copper  alone  which  had 
been  used  in  making  solution  "A."  All  four  of  the  solutions  had 
acid  present.  Two  of  them  were  previously  treated  with  one 
gramme  of  steel,  and  filtered  as  already  described  ;  the  other  two 
were  not  so  treated.  The  same  steel  was  used  as  in  all  the  previous 
cases ;  the  combustions  gave  the  following  results  : 

Untreated.  Treated. 

Per  cent.  Per  cent. 

No.  1,  Carbon, 1.072  1.040 

Ko.  2,         " 1.056  1.050 

Average, L064  1.045 

These  figures,  as  will  be  observed,  seem  to  indicate  that  part  of 
the  difficulty  at  least  is  due  to  the  chloride  of  ammonium,  since  the 
chloride  of  copper  alone  gives  nearly  .04  per  cent,  lower  results  than 
solution  "A."  They  also  seem  to  indicate  that  previous  treatment 
with  steel  throws  out  srtmething  even  from  the  chloride  of  copper 
alone.  Too  much  importance  should  not,  however,  be  attached  to 
these  results,  as  the  reaction  between  the  chloride  of  coj)per  and  the 
steel  was  very  slow;  and  as  acid  was  present,  and  it  was  impossible 
to  keep  the  solution  agitated  continuously,  it  is  probable  a  slight 
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loss  of  carbon  miiy  have  occurred.     The  variation  in  the  duplicates 
may  possibly  be  accounted  for  in  this  way. 

Up  to  this  point  the  evidence  obtained  seems  to  indicate:  1st, 
that  uncrystaliized  double  chloride  made  from  commercial  materials 
probably  contains  carbonaceous  matter  in  solution  ;  2d,  that  this 
may  come  partly  from  the  chloride  of  copper,  and  partly  from  the 
chloride  of  ammonium  ;  and  3d,  that  crystallization  is  probably  ad- 
vantageous in  diminishing,  if  not  completely  removing,  this  diffi- 
culty^  But  some  points  are  not  (]uite  certain,  and  accordingly  the 
following  experiments  were  undertaken  to  throw  as  much  light  as 
possible  mi  the  sul)ject. 

Commercial  chloride  of  copper  and  commercial  chloride  of  am- 
monium were  obtained  from  the  market.     These  were  dissolved  in 
hot  water  and  mixed  in  the  proportions  to  give  a  salt  containing  one 
molecule  each  of  the  two  chlorides.     On  cooling  the  hot  solution  to 
a  low  temperature  a  large  crop  of  crystals  of  the  double  salt  was  ob- 
tained.    Tiie  mother  liquor  was  drained  off  from  these  crystals  and 
set  aside.     Also  a  portion  of  tiie  crystals  obtained  were  rinsed  with 
pure  water  and  set  aside.     The  remainder  of  the  crop  of  crystals 
was  again  dissolved  in  hot  water,  evaporated  a  little  and   cooled, 
giving  a  second   crop  of  crystals,  from  whioii    the  second    mother 
liquor  was  drained  off:  they  were  then  rinsed  with  pure  water.    The 
first  and  second  crop  of  crystals  were  then  eacii  dissolved  in  water, 
forming  nearly  saturated  solutions  at  ordinary  temperatures.     This 
gave  three  solutions  to  work  with,  viz.:  (Ij  The  mother  liquor  from 
the  first  crop  of  crystals,  (2)  a  solution  of  the  first  crop  of  crystals, 
and  (3)  a  solution  of  the  second  crop  of  crystals.     In  other  words, 
solutions  of  uncrystaliized,  once  crystallized,  and  twice  crystallized 
double   chloride.     The    mother-liquor   solution    was   treated    with 
ammonia  sufficient  to  give  a  slight  precipitate,  and    then    filtered 
through  asbestos.     It  was  then  divided  into  two  parts,  and  one  part 
treated  with  IICl  to  the  amount  of  5  per  cent.     The  part  treated 
witli  ammonia  alone  we  will  call  basic  mother-liquor  and  the  other 
acid  mother-liquor.     Three  combustions  each  were  made  with  these 
two  solutions,  using  the  same  steel  and  everything  else  as  previously 
described.     The  results  obtained  were  as  follows  : 

Basic  Mother-Liquor.  Acid  Mother-Liquor. 
Per  cent.  Per  cent. 

No.  1,  Carbon, 1-086  1-145 

No  2  "  ...     1.081  1.130 

No!  3,'         " 1;067  1^ 

Averages 1-078  1-142 
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Two  results  are  quite  noticeable  in  these  figures  :  1st,  the  acid 
mother-liquor  gives  higher  results  than  any  previous  determination  ; 
and  2d,  the  differences  between  the  basic  and  acid  solutions  is 
greater  than  in  any  previous  case. 

The  second  solution,  viz.,  that  from  the  first  crop  of  crystals,  was 
divided  into  two  unequal  parts.  The  smaller  of  these  was  treated 
with  ammonia  and  filtered  as  previously  described,  forming  what  we 
will  call  basic  first  crystals.  The  other  part  was  filtered  through 
asbestos  and  divided  into  two  parts,  one  of  Avhich  was  treated  with 
acid,  as  above  described,  and  will  be  called  acid  first  crystals.  The 
other  part  was  left  without  further  treatment,  and  will  be  called  neu- 
tral first  crystals. 

Three  combustions  each  were  made  with  these  three  solutions, 
showing  as  follows : 

Neutral  First  Crystals.  Acid  First  Crystals. 

Per  cent.  Per  cent. 

1.029  1.070 

1.034  1.081 

1.029  1.0S2 

Average,      .         .     1.027  1.031  1.077 

The  marked  diminution  in  the  amount  of  carbon  between  the 
mother  liquor  and  the  first  crop  of  crystals  is  very  noticeable.  In 
the  basic  results  the  difference  is  .0-31  per  cent.,  and  in  the  acid  re- 
sults the  difference  is  .065  per  cent.  It  will  also  be  observed  that 
there  is  a  slight  difference  between  the  results  with  the  basic  and  the 
neutral  crystals. 

With  the  second  crop  of  crystals  only  basic  and  acid  combustions 
were  made,  the  solutions  being  obtained  as  previously  described. 
The  results  obtained  were  as  follows  : 


Basic  First  Crystals. 

Per  cent. 

No.  1,  Carbon, 

.     1.026 

No.  2, 

.     1.017 

No.  3, 

.     1.037 

Basic  Second  Crystals. 

Acid  Second  Crystals. 

Per  cent. 

Per  cent. 

No.  1,  Carbon,  . 

.     1.016 

1.019 

No.  2,         "       . 

.     1.028 

1.0.56 

No.  3,         "       . 

.     1.023 

1.052 

Average, 1.023  1.052 

These  results,  taken  in  connection  with  what  precedes,  are,  to  our 
minds,  exceedingly  interesting.  The  marked  diminution  in  the 
amount  of  carbon  obtained  with  the  second  crystals  over  the  mother- 
liquor,  especially  in  the  acid  solutions,  cannot  fail  to  be  noticed,  and 
this  would  seem  to  indicate  that  double  chloride  made  from  commer- 
cial materials  without  crystallization  contains  carbonaceous  matter. 
This  point  would  seem   to  be  settled  if  it  were  not   for  the   doubt 
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whether  the  double  chloride  does  not  dissolve  some  of  the  separated 
carbon.  Upon  this  point  no  positive  data  have  yet  been  obtained. 
Two  points  further  seem  worthy  of  note:  1st,  the  basic  first  and 
second  crop  of  crystals  give  practically  the  same  results,  while  the 
acids  do  not;  and  2d,  the  farther  away  from  the  mother  liquor  the 
nearer  the  results  from  the  basic  and  acid  treatment  come  together. 
To  our  minds  these  facts,  together  with  what  precedes,  seem  to  indi- 
dicate  that  possibly  the  commercial  material  contains  dissolved  cel- 
lulose, and  that  crystallization  diminishes  its  amount.  Thus  with 
the  material  used  in  the  above  experiments,  once  crystallizing  di- 
minished the  amount  of  cellulose,  so  that  the  basic  liquid  retained  in 
solution  what  was  left  (since  alkaline  oxide  of  copper  is  a  well-known 
solvent  of  cellulose),  while  the  acid  solution,  even  of  the  twice  crys- 
tallized salt,  still  gives  up  a  little  cellulose  to  the  carbon  sponge. 

In  the  special  ground  covered  by  Dudley  in  a  study  of  the  release 
of  the  carbon,  the  results  of  which  are  given  above  quite  at  length, 
the  services  of  Dudley's  principal  assistant,  Mr.  F.  N.  Pease,  have 
been  found  of  the  greatest  value.  He  made  all  the  combustions,  and 
his  suggestions  have  been  most  pertinent  and  useful. 

A  few  attempts  have  been  made  to  estimate  the  carbon  in  the  ex- 
perimental standards  by  methods  not  employing  double  chlorides, 
but  with  not  much  success. 

Langley  had  proposed  dissolving  the  steel  in  a  hot  solution  of  cop- 
per sulphate  made  as  nearly  neutral  as  possible,  then  filtering  and 
burning  the  mixed  copper  and  carbon  si)onge  in  oxygen. — American 
Association  for  the  Advancement  of  Science,  vol.  24,  1875,  p.  107. 

This  method  occasionally  gives  too  low  results,  because  of  the  im- 
possibility of  being  sure  that  the  last  particles  of  steel  are  dissolved. 
Dudley  made  the  following  trials  on  the  "  ingot  "  standard  : 

CUSO4  was  ignited  to  remove  possible  organic  matter,  then  dis- 
solved and  filtered.  The  solution  was  made  as  neutral  as  possible, 
and  allowed  to  stand  on  the  steel  several  days.     Result: 

Per  cent. 

Carbon, LOl  1 

972 

Then  to  300  cc.  of  the  sulphate  solution  was  added  15  cc.  HCl. 
The  attack  of  the  steel  was  rapid,  but  some  gas  was  evolved.   Result : 

Per  cent. 

Carbon, 1.002 

1.036 

" 1.040 
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He  then  tried  attacking  the  steel  by  solid  silver  chloride  under 
■u'ater,  and  burning  the  silver  and  carbon  sponge.  Result  on  "  ham- 
mered "  standard  : 

Per  cent. 
Carbon, 796 

Langley  made  two  determinations  by  putting  the  steel  directly 
into  the  chromic-sulphuric  acid  mixture,  without  previous  treat- 
ment by  chlorides.     Result  on  "  hammered"  standard  : 

Per  cent. 

Carbon, 788 

" 790 

lu  this  case  more  gas  was  evolved  than  what  corresponded  to  the 
COg.  It  was  found  that  methane  would  pass  through  the  boiling 
chromic  mixture  without  sensible  oxidation ;  therefore,  some  of  the 
carbon  of  the  steel  may  have  escaped  iu  union  with  hydrogen. 

Summary. 

The  conclusions  here  presented  are  not  those  of  the  committee  in 
their  official  capacity.  They  are  the  views  provisionally  held  by  the 
members  whose  work  is  given  above. 

First.  The  combustion  of  carbon  in  a  porcelain  tube  in  a  stream  of 
purified  oxygen,  when  the  precautious  indicated  are  used,  gives  sen- 
sibly accurate  results. 

Second.  If  the  carbon  contains  chlorine,  it  is  desirable  to  use  a 
coil  of  metallicsilver  in  the  combustion  tube,  and  it  is  apparently  also 
essential  to  use  some  solution  of  silver,  preferably  the  sulphate,  in  the 
purifying  train. 

Third.  The  chromic  acid  method  is  capable  of  burning  all  the 
carbon  used.  If  this  carbon  also  contains  chlorine,  then  it  is  essential 
to  use  some  deoxidant  in  the  purifying  train,  preferably  pyrogallic 
acid  with  oxalate  of  potash  ;  also  a  liquid  silver  absorbent  must 
follow  the  deoxidizing  tube.  Under  these  conditions  this  method 
gives  sensibly  accurate  results. 

Fourth.  The  use  of  a  small  quantity  of  HCl  in  a  solution  of  the 
double  chloride  of  copper  and  ammonium,  invariably  gives  higher 
results  than  when  a  neutral  solution  is  cmployal. 

Fifth.  There  is  doubtful  evidence  that  the  substitution  of  KCl  for 
NH^Cl  in  the  double  chloride  is  of  any  advantage. 

Sixth.  The  uiost  important  discovery  made  by  the  committee  in 
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this  work  pertains  to  the  variable  action  of  the  double  chloride  solu- 
tions. This  apparently  throws  doubt  on  the  reliability  of  all  carbon 
determinations  previously  made  by  this  reagent,  since  they  show  varia- 
tions on  the  same  steel  lying  between  1.016  and  1.150. 

When  the  degree  of  acidity  is  kept  constant,  the  apparent  quan- 
tity of  carbon  found  is  affected  by  the  mode  of  preparation  of  the 
double  chloride,  by  its  age,  and  by  the  number  of  times  it  has  been 
crystallized. 

Seventh.  A  carbon  s|>onge  derived  from  a  double  chloride  solu- 
tion does  not  appear  to  lose  any  carbon  by  drying  at  a  temperature 
under  100°  C,  but  loses  if  the  heat  is  higher. 

The  problems  now  before  the  committee,  as  suggested  by  the 
above  results,  are :  The  determination  of  carbon  in  steel  by  some 
direct  process  not  involving  the  use  of  double  chloride.  The  direct 
combustion  of  finely  divided  metal  in  oxygen  or  chromic  acid  is  a 
process  of  this  kind,  and  fusion  in  a  mixture  of  bisulphate  and 
bichromate  of  potash  is  another. 

The  determination,  if  possible,  whether  a  neutral  or  alkaline  double 
chloride  liquid  may  not  dissolve  a  portion  of  the  carbonaceous  re- 
siduum, and  thus  lead  to  results  which  are  too  low. 

The  determination  whether  the  addition  of  acid  simply  pre- 
vents this  tendency,  or  whether  the  use  of  acid  may  not  flavor  the 
separation  of  pre-existing  organic  matter  in  the  liquid,  and  its  re- 
tention by  the  carbon  sponge,  thus  leading  to  results  which  are  too 
high. 

The  investigation  of  the  cause  of  the  influence  of  repeated  crys- 
tallizations of  the  double  chloride  on  the  apparent  quantity  of 
carbon. 

Finally,  it  is  to  be  presumed  that  many,  if  not  all  of  the  above 
points,  have  attracted  the  attention  of  other  analysts,  and  the  com- 
mittee will  be  glad  to  learn  of  the  results  and  experience  of  others 
along  these  lines. 

Discussion. 

G.  J.  Snelus,  Workington,  England  :  With  regard  to  the  analy- 
tical methods  which  have  been  mentioned  by  Prof.  Langley,  it 
appears  that  the  American  members  of  the  Committee  have  confined 
their  attention  to  a  means  of  estimating  carbon  which  in  my  own 
practice  I  have  always  felt  to  be  doubtful.  When  I  was  systema- 
tically engaged  in  estimating  carbon,  I  never  ventured  to  use  any 
but  the  direct  method  of  burning  the  steel  and  burning  the  carbon 
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with  it.  I  know  that  the  estimation  of  carbon  by  tlie  double- 
chloride  method  is  very  easy,  and  much  quicker  than  the  method  by 
direct  combustion  of  the  steel.  But  in  my  own  practice  I  have  felt 
that  there  were  many  risks  about  the  short  and  easy  way,  and  now 
we  are  shown  that  these  risks  have  been  verified.  I  hope  the 
American  members  of  the  Committee  will  not  discard  the  old  direct- 
combustion  method  on  account  of  its  being  somewhat  tedious.  If 
the  steel  is  sufficiently  finely  divided,  and  the  heat  is  sufficiently 
intense,  there  is  in  my  opinion  no  difficulty  in  burning  all  the  car- 
bon out  of  the  steel  by  the  direct  method,  and  if  that  is  done  it  is 
perfectly  clear  that  the  simple  collection  and  weighing  of  the  pro- 
ducts presents  no  difficulty  whatever.  If,  however,  the  carbon  should 
be  dissolved  out  by  any  such  method  as  the  double-chloride,  various 
causes  would  produce  a  loss.  The  operation  could  not  be  properly 
performed  without  excluding  the  atmosphere,  as  its  oxidizing  action 
would  have  some  effect.  We  know,  also,  from  the  common  method 
of  estimating  carbon  by  the  color-test  how  easily  this  carbon,  which 
is  deposited  from  steel,  dissolves  under  the  conditions  which  prevail 
in  that  test.  I  therefore  cannot  help  thinking  that  the  direct-com- 
bustion method  will  prove  more  accurate,  and  I  know  that  we  in 
England  who  are  anxious  inquirers  on  the  subject,  are  certainly 
verifying  every  result  of  other  methods  by  comparison  with  the 
direct-combustion  process. 

G.  Lunge,  Zurich,  Switzerland  :  Allow  me  to  congratulate  Prof. 
Langley  upon  the  initiative  which  he  has  taken  in  the  effort  to 
attain  uniform  standards  of  analysis  for  iron  and  steel.  I  would 
call  attention  to  a  short  paragraph  in  his  valuable  paper  which 
illustrates  a  difficulty  I  have  encountered  for  many  years,  and  which 
has  puzzled  me  sorely.  In  speaking  of  the  methods  of  absorbing 
carbonic  acid,  and  removing  the  impurities  connected  therewith,  he 
says  "  it  was  found  that  the  anhydrous  CuSO^  would  stop  HCl  only 
when  it  was  perfectly  fresh  and  in  relatively  large  quantity,  a  quite 
small  degree  of  hydration  impairing  its  absorbing  powers  seri- 
ously." This  is  the  well-known  method  of  Fresenius;  he  was  the 
one  to  propose  the  use  of  the  anhydrous  acids  for  removing  the  acid 
vapors  of  hydrochloric  acid.  Many  years  ago  I  found  that  the 
results  of  the  ordinary  carbonic  acid  determinations — not  at  all  con- 
nected with  the  analysis  of  iron — gave  extremely  unsatisfactory 
results;  and  therefore  I  abandoned  the  use  of  the  anhydrous  sul- 
phate, and  worked  with  other  methods.  I  never  have  found  time  to 
investigate  the  cause  of  the  difficulty,  but  in  this  paper  I  discover 
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an  explanation  of  the  mishaps  which  at  one  time  were  constantly 
troubling;  me  in  my  own  work. 

J.  E.  Stead,  Middlesbrough,  England  :  All  English  chemists 
will  feel  indebted  to  Prof.  Langley  and  the  American  Committee 
for  the  careful  way  in  which  they  have  entered  upon  this  investiga- 
tion. It  is,  I  think,  very  truly  stated,  that  in  P^ngland  ninety  per  cent, 
of  the  combustions  for  the  determination  of  carbon  in  steel  are  made 
by  one  of  the  methods  described  by  Prof  Langley.  I  myself  have 
employed  the  method  used  by  Mr.  Blair  for  many  years,  and  have 
been  of  the  impression  that  with  the  adoption  of  all  precautions  wo 
could  feel  perfectly  certain  in  our  results.  But  now  tiiis  paper  raises 
a  fog  of  doubt,  and  I  am  anxious  to  test  my  results  with  all  possible 
care.  My  solutions  of  the  double  copper  and  ammonium  chlorides 
have  been  slightly  acid,  or  not  quite  neutral  ;  but  I  have  not  added 
the  5  per  cent,  of  hydrochloric  acid,  and  I  shall  be  curious  to  learn 
whether  that  addition  will  give  us  a  higher  result.  Many  of  the 
most  prominent  and  most  experienced  chemists  in  England  have 
agreed  very  closely  in  their  carbon  combustion-tests ;  if  my  results 
are  wrong  then  I  believe  theirs  must  be  wrong  also  ;  but  yet  we 
hope  that  we  have  not  been  very  far  out.  The  greatest  errors  iiere 
mentioned  amount  to  from  5  to  10  per  cent;  that  is,  in  100  parts 
of  carbon,  this  method  of  analysis  will  determine  from  90  to  100 
parts. 

With  reference  to  the  remarks  of  Mr.  Snelus,  I  think  that  all 
chemists  who  habitually  make  a  large  number  of  combustions  will 
agree  that  to  burn  a  sample  measuring  a  quarter,  or  even  an 
eighth  of  an  inch  square,  or  in  diameter,  will  probably  require  a 
week  or  a  fortnight.  Unfortunately  the  samples  do  not  reach  us  in 
the  finely  pulverized  state  which  is  necessary  for  the  combustion. 
We  would  all  agree  with  Mr.  Snelus  if  the  material  could  be  obtained 
as  a  fine  powder,  for  the  carbon-determination  is  certainly  more 
accurate,  from  the  powder,  by  direct  combustion  than  by  dissolv- 
ing in  the  double  chlorides.  In  burning  ferromanganese,  ferro- 
chrome,  and  substances  of  that  kind,  I  invariably  grind  the  sample 
to  an  excessively  fine  powder,  and  then  burn  it  directly  in  oxygen- 
gas.  But  when  the  substance  is  a  piece  of  very  fine  steel,  or  very 
coarse  drillings,  such  an  o|)eration  is  impossible,  and  then  we  are 
obliged  to  determine  the  carbon  by  some  such  method  as  has  been 
here  described. 

C.  B.  Dudley,  Altoona,  Pa.:  It  is  hardly  necessary,  I  think,  to 
say  much  more  than  this, — that  we  have  succeeded  in  getting  our- 
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selves  into  a  condition  where  we  really  do  not  know  where  we  stand. 
If,  six  months  ago,  any  one  had  asked  me  to  make  a  carbon-deter- 
mination of  a  piece  of  steel,  and  to  testify  in  a  court  of  justice  that 
I  considered  the  results  reliable,  I  should  have  been  perfectly  willing 
to  do  so.  But  if  to-day  a  metallurgist  were  to  ask  me  how  much 
carbon  there  is  in  a  piece  of  steel  I  should  reply  that  I  could  not 
tell.  That  is  practically  the  state  of  affairs  at  the  present  moment. 
We  have  run  across  a  possible  source  of  error  in  one  of  the  oldest 
and  best  established  methods  in  chemistry.  For  nearly  twenty  years 
I  have  been  using,  both  as  student,  and  later,  the  method  which  we 
are  now  criticizing.  It  has  been  taught  us  by  the  most  reliable 
schools  as  the  very  best  method  that  was  known.  Where  the  real 
difficulty  lies  I  cannot  say  at  the  present  moment. 

Since  this  paper  was  written  continual  experiments  have  been  in 
progress  in  my  laboratory  to  discover  the  source  of  the  error.  The 
double  chloride  of  copper  and  ammonium  made  from  commercial 
materials  gave  us  1.15  per  cent.,  or,  more  accurately,  1.147  per  cent, 
of  carbon.  The  self-same  materials  were  twice  crystallized,  and  the 
second  crystallization  gave  us  1.052  per  cent,  carbon.  The  problem 
is :  Does  the  commercial  substance  without  crystallization  (I  am 
speaking  of  the  acid  solution)  contain  something  foreign,  or  does  the 
crystallized  material  dissolve  some  of  the  carbon  when  it  is  released 
from  its  embrace  with  the  iron?  I  do  not  know.  We  have  lately 
pursued  the  following  investigation :  It  is  well  known  to  chemists 
that  after  steel  is  added  to  the  double  chloride  solution  the  result  of 
the  reaction  produces  a  proto-chloride  of  iron  and  a  sub-chloride  of 
copper.  Now,  on  the  hypothesis  that  all  commercial  double  chlo- 
rides contain  a  small  amount  of  cellulose,  obtained  possibly  from  the 
filtering-paper  that  may  get  into  the  solution  during  the  commercial 
manufacture  and  be  dissolved — I  say  that  on  this  supposition,  if  we 
take  some  commercial  double  chloride,  or  the  salt  made  from  com- 
mercial materials,  and  form  in  it  the  same  sub-chloride  of  cojiper 
and  the  same  iron-salt,  just  as  we  would  do  if  we  added  steel,  then 
if  cellulose  is  present  the  presumption  is  that  it  would  separate  out, 
and  we  would  be  able  to  catch  it  and  burn  it.  We  have  made  three 
experiments  on  this  hypothesis — the  first  by  adding  sesqui-chloride 
of  iron  to  a  copper-solution,  and  reducing  the  salts  with  sulphurous 
acid.  To  account  for  the  difference  we  should  have  had  from  30  to 
35  milligrammes,  but  we  actually  found  less  than  3  milligrammes. 

The  second  experiment  was  made  with  the  same  materials  which 
have  been  used  in  the  experiments  described  by  the  author,  but  in 
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this  case  we  simply  added  metallic  copper  to  the  double  ciiloride 
solution.  This  would  result  in  the  formation  of  sub-chloride  of 
copper  in  the  solution,  and  would  give  the  same  conditions  as  though 
steel  had  been  added  minus  the  iron.  The  result  of  this  experiment 
was  a  little  less  than  3  milligrammes  again. 

In  the  third  experiment  we  treated  the  double  chloride  solution 
with  sulphuric  acid,  the  result  of  which  would  be  to  form  sulphate 
of  copper  and  ammonia,  and  form  free  hydrochloric  acid  in  the  solu- 
tion.    This  experiment  likewise  failed  to  yield  satisfactory  results. 

The  hypothesis  on  which  these  experiments  were  based,  namely, 
that  cellulose  was  present  in  solution,  and  that  by  producing  the 
above  reactions  the  cellulose  would  be  precipitated,  does  not  appar- 
ently seem  to  be  borne  out;  if  we  may  trust  these  experiments,  cel- 
lulose is  not  the  cause  of  the  difficulty,  and  we  still  remain  in  the 
dark. 

The  chemists  who  are  here  have  consulted  together,  and  have  laid 
out  a  large  amount  of  work,  so  I  leave  you  just  where  I  began — in 
the  fog,  as  Mr.  Stead  has  said.  AYe  will  make  our  best  efforts  to 
overcome  the  difficulty,  and  hope  to  appear  before  long  with  renewed 
confidence  in  the  correctness  of  our  results. 

Edward  Riley,  London,  England  :  As  a  member  of  the  Com- 
mittee on  International  Standards,  I  may  testify  to  the  very  careful 
way  in  which  all  the  analyses  have  been  made,  and  also  to  the  use  of 
every  possible  precaution  to  avoid  error.  And  yet,  the  work  is  said  to 
be  marred  by  a  serious  error  which  has  been  discovered  by  the  Ameri- 
can committee,  and  which  it  will  be  our  duty  to  investigate. 

For  my  own  laboratory  I  do  not  buy  chloride  of  copper ;  I  roast 
copper-scales  and  dissolve  them  in  hydrochloric  acid,  so  that,  by 
inference,  there  cannot  be  any  cellulose  in  the  chloride  of  copper 
which  I  use.  I  have  had  frequent  communications  with  the  largest 
steel-works  in  Germany,  which  have  operated  upon  the  same  sam- 
ples of  steel  as  we  in  England  have  had,  and  hitherto  our  results 
have  agreed. 

As  for  the  direct-combustion  method  commented  upon  by  Mr. 
Snelus,  there  can  be  no  question  that,  if  practicable,  it  would  be  the 
best  method ;  but,  as  a  result  of  ray  experience,  I  am  free  to  confess 
that  it  can  be  carried  out  only  with  considerable  difficulty.  I  hope 
that  Professor  Langley  will  favor  us  with  his  views  on  this  point. 
It  seems  evident  that  if  the  members  of  the  American  committee  had 
had  confidence  in  the  accuracy  of  the  direct-combustion  method,  they 
would  have  employed  it. 


638  PROTECTION    OF    IRON    AND   STEEL   SHIPS. 

J.  W.  Langley,  Pittsburgh,  Pa.:  I  have  listened  to  the  remarks 
which  have  been  made  upon  this  paper  with  much  interest;  and, 
speaking  in  behalf  of  the  committee,  I  may  say  that  we  are  very  glad 
to  hear  the  suggestions  which  have  been  oifered.  We  are  anxious  only 
to  arrive  at  the  truth — at  the  best  method,  upon  which  we  can  all  agree. 
With  regard  to  the  comments  of  Mr.  Snelus  and  Mr.  Riley  upon  the 
direct  combustion  of  steel  in  oxygen,  I  regret  to  say  that  my  own 
experience  is  so  limited  that  I  will  not  venture  to  rest  any  statement 
upon  it.  That  it  is  a  very  valuable  process  for  research  in  scientific 
matters,  I  think  there  can  be  no  question.  But,  for  a  chemist  engaged 
in  the  ra})id  work  required  in  steel-  and  iron-works,  or  for  commercial 
analyses,  or  for  any  other  purpose  except  scientific  research,  in  which 
an  unlimited  amount  of  time  can  be  taken,  it  appears  to  me  that  the 
method  by  direct  combustion  is  practically  ruled  out  on  account  of 
the  time  and  care  necessarily  involved  in  preparing  the  sample  ;  and, 
as  Mr.  Stead  has  pointed  out,  the  working  chemist  rarely  receives 
his  sample  in  such  a  form  that  he  can  reduce  it  to  the  extremely  mi- 
nute and  almost  microscopic  state  of  division  which  is  necessary  for 
the  complete  combustion  of  the  carbon  in  the  steel  when  oxygen  alone 
is  used  as  the  attacking  agent.  It  seems  as  though  it  were  indispen- 
sable that  the  iron  should  be  removed  by  some  solvent  before  we  can 
hope  to  determine  the  carbon  accurately.  Therefore,  the  question 
remains  where  it  was  placed  at  the  beginning,  namely,  the  necessity 
of  seeking  the  co-operation  of  chemists  all  over  the  world  in  studying 
the  vagaries  of  this  method  of  steel-analysis,  determining  where  these 
vagaries  arise  and  how  we  can  eliminate  them. 
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FOVNDERINQ  FhOM  JNJUBY  TO  THEIR  SHELLS, 

INCLUDING  THE  USE  OF  ARMOR. 

BY  SrR  NATHANIEL  BARNABY,    LEE,    KENT,   ENGLAND,    LATE   CHIEF 
CONSTRUCTOR  OF   HER  MAJESTY'S   NAVY. 

(Pittsburgh  Intcrnntional  Session,  October,  1890.) 

We  must  not  conceal  from  ourselves  that,  against  the  perils 
arising  from  perforation  of  the  shells  or  hulls  of  ships,  we  are 
greatly  worse  off  in  these  days  ot  steel  and  iron  than  we  were  when 
our  ships  were  built  of  oak,  teak  and  pine.     Apart  from  the  greater 
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risks  arising  from  increased  speeds  and  increased  momenta  in  col- 
lisions, the  material  of  which  the  hull  is  composed  submits  so  easily 
to  perforation  that  the  writer  has  numbered  among  his  coadjutors  in 
his  profession  eminent  men  who  were  strongly  opposed  to  the 
abandonment  of  wooden  bottoms  both  in  commerce  and  in  war. 

We  have  it  on  the  authority  of  Lloyds'  surveyors  that  about  one- 
fiftieth  of  the  value  of  the  vessels  in  the  mercantile  marine  is  re- 
quired annually  to  make  good  losses  and  repairs  entailed  by  colli- 
sions alone.  When  the  bottom  of  a  wooden  shi[)  is  struck  in  a 
collision  with  another  vessel,  much  of  the  force  of  the  blow  is 
expended  in  bending  and  breaking  the  fibres  of  the  wood,  and  the 
blow  is  gradually  absorbed  with  but  little  permanent  displacement 
and  but  little  admission  of  water.  In  an  iron  or  steel  ship  the 
bottom  may  be  pierced  and  permanently  displaced  over  large  areas 
without  any  feeling  of  shock  in  the  ship  giving  the  blow. 

But  despite  the  local  weakness  of  the  material  forming  the  side, 
and  the  care  it  requires  to  prevent  corrosion  in  salt  water,  its  good 
qualities  have  secured  its  wide  adoption.  Ijong  steamshij)S  cannot 
be  built  of  wood.  Steamships  built  of  wood  cannot  be  secured 
against  premature  decay  ;  they  cannot  be  built  quickly  without  the 
certainty  of  rapid  decay  ;  the  risk  of  fire  is  always  serious  in  them, 
and,  except  in  very  small  vessels,  high  speeds  are  impossible. 

The  ships  in  use  and  building  for  commercial  purj)oses  on  the 
western  side  of  the  Atlantic  are  still  constructed  generally  of  wood. 
The  large  sailing  navy  of  the  United  States  may  be  said  to  consist 
almost  exclusively  of  wooden  ships.  America  possesses  nearly  one- 
sixth  of  all  the  wooden  sailing-ships  of  100  tons  net  and  upwards 
in  the  world,  and  she  will  probably  find  it  to  her  advantage  for 
many  years  to  continue  to  build  such  ships  of  wood. 

Of  iron  and  steel  .sailing-ships.  Great  Britain  owns  considerably 
more  than  three-fourths  of  all  that  exist. 

When  we  come  to  the  steam  mercantile  marine,  we  find  that  the 
United  States  has  as  many  of  her  mercantile  steanaship.s,  of  100  tons 
gross  and  upwards,  built  of  iron  and  steel  as  of  wood.  There  can 
be  no  doubt  that  both  here  and  in  Canada  yon  must  follow  the 
example  of  Great  Britain,  and  build  steamships  almost  exclusively 
of  iron  and  steel. 

It  is  the  one  jirominent  defect  of  iron  or  steel  ships  that  I  propose 
to  consider,  and  that  only,  viz.,  the  readiness  with  which  they 
submit  to  perforation  in  collisions. 

Security  against  risks  of  fatal  disaster  on  this  account  depends 
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very  little,  if  at  all,  upon  the  thickness  of  the  bottom-plating  or 
the  closeness  of  the  ribs.  The  advantage  of  a  steel  plating  one  inch 
thick  over  another  half  an  inch  thick  would  be  very  doubtful,  and 
closeness  of  frame-spacing  is  not  much  more  valuable.  When  open- 
hearth  steel  was  first  employed  for  the  outer  bottoms  of  ships,  with 
a  reduction  of  some  25  per  cent,  in  thickness  as  compared  with  iron, 
it  was  supposed  that  the  structure  would  be  found  lacking  in  rigidity. 
In  1877,  Chief  Engineer  King,  of  the  U.  S.  Navy,  commenting  on 
the  first  of  such  ships,  thought  that  for  a  ship  300  feet  long,  and  of 
3700  tons  displacement,  and  having  a  double  skin,  |-inch  steel 
bottom-plating  was  too  thin.  He  considered  it  doubtful  "  whether 
the  hulls  would  have  the  strength  to  endure,  for  any  length  of  time, 
the  immense  strain  of  7000  indicated  horse-power."  Engines  of 
9000  horse-power  are  now  put  into  sea-going  steel  vessels  of  3000 
tons  displacement. 

Experience  has  amply  justified  the  strength  of  the  material  under 
all  strains.  One  of  the  vessels  which  Mr.  King  saw  ran  aground 
badly  in  the  Mediterranean  and  suffered  no  structural  injury.  A 
vessel  of  the  same  class,  the  Leander,  having  similar  scantlings,  had 
the  misfortune  at  the  outset  of  her  career  to  be  rubbed  very  hard  in- 
deed against  the  "  Hornet  Rock."  This  experience  taught  us  that  in 
the  event  of  collision  or  grounding  there  is  advantage  not  only  in  thin 
plating,  but  also  in  light  framing  within  and  adjacent  to  the  plating. 

In  grounding,  the  frames  and  bottom-})lating  of  this  ship  had 
been  forced  in  over  a  very  large  portion  of  her  length,  and  there 
was  a  permanent  indentation  of  one  foot  between  the  frames.  The 
positions  of  the  frames  were  indicated  like  the  ribs  of  a  starved 
horse,  but  there  was  not  a  crack  in  the  plating,  and  the  riveting  of  the 
plating  and  butts  remained  sound.  There  would,  apparently,  have 
been  no  leakage  in  the  double  bottom  had  it  not  been  for  these 
stiffening-frames.  Where  they  crossed  the  plating  there  were  rows 
of  rivets  to  connect  them  with  the  bottom-plating.  The  frames  had 
been  forced  in  like  the  plating,  but  they  had  permanently  buckled, 
since  they  had  no  other  way  of  submitting  to  displacement.  AVhen 
the  plating  recovered  itself  and  came  toward  its  original  position, 
it  broke  the  countersink  off  the  rivets  and  provided  admission  for 
water.  It  appeared  that,  few  as  the  frames  were,  it  would  have  been 
better,  under  these  circumstances,  if  the  stiffening  had  been  effected 
exclusively  by  bulkheads  and  longitudinal  frames. 

Security  in  an  iron  or  steel  ship  against  fatal  injury,  arising  from 
the  perforation  of  the  shell  under  water,  depends  upon   two  things 
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only — size  and  subdivision.  Pumps  may  be  dismissed  at  once  as 
being  practically  useless  in  oases  of  collision  in  iron  and  steel  ships. 
No  pumps  will  deal  with  a  continuous  inflow  of  water  of  even  less 
than  half  a  square  foot  in  cross-section  coming  through  a  hole  well 
under  water.  Apart  from  the  ])erfection  of  subdivision,  size  is  in 
itself  an  element  of  safety.  A  ship  of  small  or  moderate  size  is 
sometimes  completely  severed  at  the  point  of  striking  by  the  blow 
of  a  larger  ship. 

I  am  supposed  by  some  persons  to  object  unduly  to  large  ships. 
But  I  confine  my  objections  as  to  size  to  ships  of  war  in  a  powerful 
navy.  I  believe  that  a  large  naval  power,  having  very  widely 
spread  interests,  and  subject  to  modern  modes  of  attack,  would  suffer 
more  in  a  war  from  fewness  of  ships  than  from  comparative  smallness 
of  ships  and  crews.  I  have  never  thought  that  size  is  a  disadvan- 
tage in  merchant-ships,  provided  they  can  be  worked  financially. 
On  the  contrary,  the  advantages  arising  from  size  in  passenger- ships 
seem  to  me  to  be  so  great  that  I  do  not  see  where  we  shall  stop. 

If  it  were  necessary  to  increase  the  draught  of  water,  as  we 
increase  the  length  and  breadth,  that  would  impose  a  fatal  bar  to 
any  considerable  advance  upon  present  dimensions.  But  there  is  no 
such  necessity.  By  the  u.seof  several  engines,  working  side  by  side, 
and  suitable  proi)ellers,  the  draught  of  water  of  26  feet  need  never 
be  exceeded. 

I  was  consulted  some  years  ago  by  a  business  man,  well  known 
on  both  sides  the  Atlantic,  as  to  the  possibility  of  building  a  steel 
ship  which  would  not  roll  or  pitch  or  heave  in  the  sea,  and  from 
which,  therefore,  the  bulk  of  ])assengers  would  be  in  a  less  desperate 
hurry  to  go  ashore.  He  thought  fifteen  knots  a  sufficient  speed.  Such 
a  ship  appeared  to  me  to  be  perfectly  practicable  with  a  draught 
of  water  of  26  feet.  I  thought  the  minimum  length  and  breadth 
would  be  1000  feet  and  300  feet  respectively.  I  estimated  that  with 
engines  of  60,000  horse-power,  an  ocean  speed  of  fifteen  knots  could 
be  obtained. 

Two  sets  of  apparent  difficulties  had  to  be  overcome,  viz.,  those 
connected  with  the  building  of  the  ship  afloat,  and  those  relating  to 
receiving  and  discharging  cargo.  The  ship  would  be  a  steel  island, 
incapable  of  entering  any  docks.  The  building  difficulties  soon 
disappeared.  They  had  no  real  existence.  To  meet  the  other  diffi- 
culties, I  proposed  to  form  shallow,  still-water  harbors  or  docks 
within  the  shij),  entered  by  gates  in  the  sides,  and  to  carry,  always 
afloat  there,  the  loaded  barges  and  tugs ;  turning  the  barges  out  and 
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taking  in  fresh  ones  already  loaded  at  the  ports  of  discharge  and 
shipment. 

Such  a  ship  would  require  to  be  fortified  and  garrisoned  like  a 
town.  She  could  be  made  absolutely  secure  against  fatal  injury 
arising  from  perforation.  The  subdivisions  required  for  this  pur- 
pose might  be  made  to  serve  effectually  against  the  spread  of  any 
local  fire. 

I  do  firmly  believe  that  we  .shall  gain  the  mastery  over  the  seas, 
and  shall  live  far  more  happily  in  a  marine  residence  capable  of 
steaming  fifteen  knots  an  hour  than  we  can  ever  live  in  seaside  towns. 
The  question  whether  we  shall  effect  our  conquest  by  mere  size,  or 
by  mechanical  devices,  in  ships  of  more  moderate  proportions, 
depends  upon  the  success  of  certain  efforts  which  are  now  in  progress 
in  another  direction. 

In  these  efforts  there  have  been  three  stages  : 

First,  there  were  the  observations  by  the  British  naval  construc- 
tors at  the  Admiralty,  that  when  a  gun,  or  water,  or  other  loose 
weight  is  moved  about  violently  by  the  rolling  of  the  ship,  these 
movements  of  the  loose  weight  tend  to  bring  the  ship  to  rest.  The 
phenomenon  is  fully  discussed  in  the  Encyclopcedia  Britannica  arti- 
cle ''Shipbuilding."  The  physical  conditions  have  been  briefly 
stated  by  one  of  the  Admiralty  officers  as  follows : 

Explaining  in  a  model  the  effect  of  a  moving  weight  representing 
100  tons  in  bringing  nearly  to  rest  and  almost  immediately  what  rep- 
resented a  vessel  of  10,000  tons,  he  says  the  same  effect  must  always 
occur  in  a  rolling  ship  if  we  have  a  loose  weight  of  any  kind, 
whether  the  weight  be  water  or  a  gun.  li'  this  reduction  in  rolling 
did  not  take  place,  "  we  should  have  something  to  explain  which 
would  be  quite  inexplicable.  For,  suppose  we  have  two  ships  alike 
in  all  respects,  as  regards  size,  shape,  weight,  time  of  oscillation,  etc., 
and  situated  on  precisely  the  same  seas,  but  one  having  all  her 
weights  properly  secured,  and  the  other  with  a  weight  ca{)able  of 
traversing  the  deck  every  time  the  ship  rolls.  If  the  two  vessels 
were  to  roll  to  exactly  the  same  extent,  we  should  have  the  sea  not 
only  rolling  the  ship  with  the  loose  weight  to  the  same  extent  as  the 
ship  with  all  her  weights  fixed,  but  the  sea  would,  in  addition,  be 
doing  all  the  work  involved  in  the  traversing  of  the  heavy  weight 
across  the  deck,  which  is  quite  impossible  under  the  assumed  con- 
ditions of  perfect  similarity.  The  sea  can  only  do  the  same  work 
on  both.  In  the  one  case,  the  work  consists  entirely  in  lolling  the 
vessel;  in  the  other,  it  consists  partly  in  rolling  the  ship  and  partly 
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in  dashing  tlie  weight  about.     The  rolling  in  the  latter  must,  there- 
fore, inevitiihly  be  less  than  in  the  former  case." 

This  principle  is  now  applied  by  constructing  water-chambers 
above  the  shot-proof  decks  in  the  larger  ships  in  the  British  Navy. 

But  by  this  system  a  certain  amount  of  rolling  is  required  in  order 
to  start  and  work  the  rolling-quencher,  and  something  further  is 
needed  in  passenger-ships.  It  is  desirable  to  have  a  more  delicate 
appreciation  of  the  first  tendency  to  rolling,  and  an  instant  applica- 
tion of  the  quenching  apparatus. 

The  next  step  was  taken  by  Mr.  Beaucharap  Tower,  an  able 
English  mechanical  engineer.  He  contrived  a  mechanical  watch- 
man, dependent  upon  a  long  pendulum  indication.  This  watchman 
has  sufficient  power  to  control  a  small  platform  carrying  a  gun  or 
other  instrument.  In  a  heavily  rolling  ship  the  watchman  keeps 
this  platform  and  its  load  level  and  at  rest.* 

The  third  step  has  been  taken  by  Mr.  Thornycroft,  of  torpedo- 
boat  fame.  He  also  makes  a  mechanical  watchman,  differing  from 
Mr.  Tower's,  and  dependent  upon  two  pendulums,  a  long  and  a 
short  one.  This  watchman  is  capable  of  controlling  a  large  movable 
weight.     Mr.  Thornycroft  describes  his  plan  as  follows : 

The  controlling  apparatus  depends  first  on  a  pendulum,  or  its 
equivalent,  having  a  short  period  compared  with  the  natural  period 
of  oscillation  of  the  vessel  to  be  steadied,  or  of  the  waves  on  which 
the  vessel  floats.  A  second  pendulum,  or  its  equivalent,  having  a 
long  period,  compared  as  above,  and  a  large  moment  of  inertia,  is 
adapted  to  join  in  control  with  the  short  pendulum,  and  more  or 
less  balance  its  tendency  to  reduce  stability  when  the  vessel  is 
inclined. 

The  steadying  apparatus  comprises  a  heavy  movable  weight 
fixed  to  a  shaft  in  such  a  manner  that  when  free  it  places  itself 
automatically  in  the  fore  and  aft  position.  It  is  controlled  by  a 
hydraulic  motor  capable  of  turning  it  to  one  or  the  other  side  of  the 
center-line  of  the  ship  as  may  be  necessary  to  balance  a  turning 
moment  exerted  on  the  vessel  by  waves,  or  to  prevent  or  lessen  the 
rolling.  The  distributing  valve  of  the  motor  is  controlled  by  the 
pendulum  apparatus  above  described.  It  is  proposed  to  employ  a 
movable  weight  of  about  12  tons  for  a  vessel  of  250  to  300  tons 
displacement.  Its  range  of  movement  would  be  such  as  would 
transfer  the  center  of  gravity  of  the  weight  through  a  transverse 
distance  of  6  feet. 

*  See  Transojctions  of  the  Imtitution  of  Naval  Architects,  1889,  p.  348. 
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If  this  third  step  is  made  successfully,  and  Mr.  Thornycroft's 
plan  is  applied  to  passenger-ships,  there  will  be  no  necessity  for 
pressing  forward  large  ships  in  adyance  of  their  due  time.  I  think 
we  may  assume  that  for  some  years  to  come  we  shall  have  to  deal 
only  with  ships  which  can  be  built  upon  the  land  and  launched  into 
the  sea  without  extraordinary  risks, — ships  like  the  Oregon  and  the 
City  of  Paris,  and  subject  to  the  same  dangers  as  those  ships  from 
collisions  and  injury  to  bulkheads. 

Those  who  are  familiar  with  the  history  of  the  accidents  to  these 
two  ships  will  have  realized  the  fact  that  in  the  former  case  good 
internal  subdivisions  saved  the  passengers  and  that  much  better 
division  saved  both  the  ship  and  passengers  in  the  latter. 

When  an  iron  or  steel  ship  is  sunk  by  collision,  it  is  sometimes 
erroneously  said  that  the  ship  had  a  number  of  bulkheads  or  divi- 
sions, and  that  since  these  failed  to  keep  her  afloat,  it  matters  little 
whether  bulkheads  are  fitted  or  not.  It  often  happens  that  a  ship  is 
sunk  when  only  a  comparatively  small  hole  is  made  in  a  single  com- 
partment. The  badly  arranged  bulkheads  do  not  even  delay  the 
sinking.  The  water  spreads  itself  differently  owing  to  the  presence 
of  the  bulkheads,  but  that  is  all.  Instead  of  levelling  itself  from 
end  to  end  throughout  the  ship,  and  gradually  rising  all  fore  and 
aft,  the  water  first  fills  one  compartment;  then  finding  the  top  of  the 
partition  separating  it  from  the  adjacent  compartment  has  been 
brought  below  the  level  of  the  outside  water,  it  proceeds  to  fill  that 
compartment,  and  so  on. 

In  the  year  1866  this  question  was  fully  debated  by  an  influential 
committee  of  naval  architects,  shipbuilders,  shipowners,  Lloyds'  sur- 
veyors and  sailors.  That  committee  was  the  Council  of  the  Insti- 
tution of  Naval  Architects.  That  Council  decided  that  no  iron 
passenger-ship  is  well  constructed  unless  her  compartments  are  so  pro- 
portioned that  she  will  float  safely  though  any  one  of  them  be  filled 
whh  water,  or  placed  in  free  communication  with  the  sea.  They 
recommended  that  all  iron  ships  should  be  so  divided  that  not  only 
the  one  largest  compartment,  but  any  tivo  aiJjacent  compartments, 
might  be  given  up  to  the  sea  without  sinking  the  ship. 

The  second  is  an  advisory  clause,  the  wisdom  of  which  is  not  dis- 
puted.    Tiie  first  is  condemnatory  of  badly  constructed  ships. 

No  deliverance  of  any  kind  has  been  made  during  the  twenty- 
four  years  which  have  elapsed  questioning  the.se  important  decisions. 
Yet  they  are  absolutely  ignored  by  everybody  concerned,  and  all  iron 
and  steel  sailing-ships  built  since  then,  and  the  great  bulk  of  steam- 
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ships,  have  been  built  in  disregard  of  tlie  recommendations  of  that 
Council ;  and  in  so  far  as  they  are  used  for  carrying  passengers  or  emi- 
grants, all  these  ships  have  been,  and  are,  in  the  judgment  of  that 
Council,  badly  constructed. 

It  is  quite  true  that  there  are  one  or  more  water-tight  bulkheads  in 
every  such  ship  ;  but  they  exist  for  structural  purposes  only,  and  not 
to  carry  out  the  view  of  the  Council  or  to  prevent  the  foundering  of 
the  ship  when  run  into. 

Sailing-ships  generally  have  but  one  bulkhead,  and  that  well  for- 
ward. A  few  owners  have  added  another  "  collision  "  bulkhead  aft ; 
while  others  again,  with  a  desire  to  provide  extra  safety  from  founder- 
ing, have  introduced  one  or  two  others  in  addition  to  these  two 
"  collision"  bulkheads.  But  these  are  merely  so  much  dead  weight ; 
though  adding,  of  course,  to  the  strength  of  the  ship,  they  would  not 
appreciably  alter  the  time  of  foundering  if  the  ship  were  struck  any- 
where between  the  two  end  bulkheads.  They  do  not  go  far  enough  to 
satisfy  the  necessary  conditions. 

There  are,  however,  more  than  fifty  British  sailing-ships  of  600  tons 
and  upwards  which  have  more  than  two,  and  in  some  cases  as  many 
as  five  or  six  bulkheads.  Of  these,  fully  23  per  cent,  were  steamers 
which  have  been  converted  into  "sailers,"  and  in  which  the  then 
existing^  bulkheads  have  not  been  disturbed.  The  highest  number 
of  bulkheads  believed  to.be  built  in  any  existing  sailing-ship  proper 
— that  is,  an  "unconverted"  ship — is  four,  and  these  are  not  placed 
so  as  materially  to  alter  the  time  in  which  a  vessel  would  founder  if 
struck  in  any  compartment. 

It  must  be  generally  understood  that  records  in  registers  and  ex- 
amination by  surveyors  referring  to  bulkheads  in  steamships  give  no 
security  in  respect  of  the  fulfilment  of  this  most  important  condition. 

I  am  contented  here  to  state  the  facts. 

In  1876,  ten  years  after  the  publication  of  the  views  of  the  Coun- 
cil of  the  Institution  of  Naval  Architects,  only  two  or  three  owners 
of  steamships  made  it  a  rule  to  build  their  ships  on  these  princi- 
ples. In  the  years  1881-1883  there  were  lost,  from  various  causes, 
within  twenty-one  months,  one  hundred  and  twenty  British  iron 
steamships.  Every  one  of  these  had  at  least  one  compartment  of 
such  large  size  that  the  filling  of  it  would  have  caused  the  ship  to 
founder.  Last  year  there  were  added  to  the  British  Register  about 
1,000,000  gross  tons  of  steamships.  Of  these,  not  one-third  could 
lay  claim  to  have  been  built  with  any  intentional  and  satisfactory 
regard  to  safety  by  means  of  water-tight  bulkheads. 
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Most  of  the  well-divided  steamers  included  in  the  small  minority 
above  referred  to  come  under  the  rules  of  Lloyds'  Register  Com- 
mittee of  1882,  which  happily  decided  that  steam  vessels  280  feet 
long  and  above,  purposing  to  pass  its  survey,  must  have  a  certain 
number  of  efficient  bulkheads,  increasing  in  number  as  the  ships  in- 
crease in  length.  Considering  that  this  Register  is  a  voluntary  asso- 
ciation, with  no  statutory  powers,  I  think  it  has  done  as  much  as  it 
could  in  the  right  direction. 

In  entering  upon  the  great  contemplated  expansion  of  iron  and 
steel  merchant  shipping  upon  this  side  the  Atlantic,  it  may  be  hoped 
that  you  will  treat  the  views  of  the  Council  of  the  Institution  of 
Naval  Architects  with  more  respect  than  they  have  been  treated  in 
Great  Britain.  The  question  of  material  has  been  settled  for  you. 
The  troubles  we  had  with  iron  on  our  side  are  a  matter  of  history. 

In  1874  we  were  giving  for  iron  ship-plates  of  about  7 J  cwts. 
each,  delivered  at  Portsmouth  Yard,  over  £20  (§97)  per  ton,  with  a 
scale  of  extras  from  3|  cwts.  upwards  per  half-hundredweight. 
These  plates  were  tested  by  resident  inspectors  at  the  iron-works. 
This  had  been  found  necessary,  as  inspection  at  the  ship's  side  prior 
to  acceptance  had  been  found  to  cause  vexatious  delays  and  heavy 
rejections  after  such  delays,  so  that  there  was  often  a  paralysis  of 
work  with  both  iron  makers  and  shipbuilders. 

This  being  the  condition  of  things  in  1^74,  a  Naval  Committee 
was  appointed  to  consider  the  causes  of  the  rapid  deterioration  of 
boilers.  This  committee  visited  Portsmouth,  and  reported  that  it 
was  necessary  to  secure  a  better  quality  of  iron.  They  said  that 
"the  rapidity  of  deterioration  of  boiler-plates  and  ship-plates  is 
greatly  dependent  upon  the  purity  of  the  iron,  which  can  be  obtained 
only  by  increased  expense  of  manufacture."  They  recommended 
the  payment  of  higher  prices  than  £20  ($97)  per  ton  for  7|  cwt. 
plates. 

It  was  then  determined  to  meet  the  recommended  increase  in  cost 
of  bottom-plates  by  using  for  inferior  purposes  untested  plates,  i.e., 
plates  bought  on  the  faith  of  the  "  brand  "  of  the  maker.  Such 
"  branded "  plates  were  at  that  time  employed  for  all  purposes  in 
ships  built  under  the  survey  of  Lloyds'  Committee.  Here  we  had 
a  curious  experience,  which  satisfied  us  that  if  we  could  once  get 
material  of  definite  manufacture,  and  precise  and  easily  recognized 
qualities,  wide  competition  would  speedily  equalize  prices. 

We  took  ten  prominent  makers  of  iron  plates,  and  secured  delivery 
of"  branded  "  plates  to  an  identical  specification.   The  plates  weighed 
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about  7|  cwts.  each.     They  were  delivered  at  Chatham,  and  were 
then  tested  and  examined  by  me,  with  the  following  results: 

Prices  of  7^  Hundredweight  Untested  Iron  Ship- Plates  in  1874. 


Cost  per  Ton. 

Quality  of  Material. 

Condition  of  Surfaces  of  Plates. 

Dollars. 
46.80 

44.62 

85.36 
87.78 

46.80 
109.61 
58.68 

92.87 
47.28 
61.35 

£   s. 
9    13 

9     4 

17  12 

18  2 

9   13 
22    12 
12     2 

19  3 
9   15 

12   13 

Two-thirds  unfit  for  use  for  ship- 
building. 

Two-thirds  unfit  for  use  for  ship- 
building. 

Good. 

One-fourth  unfit  for  use  for  ship- 
building. 

All  unfit  for  use  for  ship-bnilding. 

Good. 

One-sixth  unfit  for  use  for  sliip- 
huilding. 

Good. 

One-sixth  defective. 

Good. 

Irresular  in  strength  ;  fairly  ductile 

Good  

Strong  and  fairly  ductile 

Weak,  and  not  ductile 

Fairly  strong:  ductile 

Strong ;  ductile 

In  all  these  eases  the  extras  for  breadths  over  4  feet,  and  lengths 
over  12  feet,  raised  these  prices  still  higher,  or  involved  the  cost  of 
fitting  and  riveting  small  plates. 

Now,  in  1890,  you  have  a  perfectly  regular  material,  stronger  and 
more  ductile  than  any  of  this  iron,  with  no  trouble  from  surface- 
blistering  and  lamination.  You  can  get  Siemens  plates  of  20  cwts., 
almost  without  extras  for  any  increased  size,  delivered  at  the  ship's 
side,  at  le.ss  than  £8  ($-38.80)  per  ton.  It  has,  unfortunately,  been 
as  low  as  £6,  5s.  ($30.31). 

The  change  from  iron  to  steel  was  not  made  without  a  vast 
amount  of  anxiety  on  the  part  of  responsible  engineers  who  led  the 
way.  The  result  may  not  be  altogether  pleasant  to  the  iron  and  steel 
makers.  To  the  shipbuilder  and  engineer  it  calls  for  ungrudging 
acknowledgment  of  indebtedness  to  two  eminent  British  sulyects, 
Bessemer  and  Siemens,  and  for  the  grateful  recognition  of  the  enter- 
prise and  skill  of  French,  German,  and  British  makers. 

We  all  owe  to  Germany  a  lasting  debt  of  gratitude  for  the  birth 
and  training  of  that  true  prince — William  Siemens. 

The  Use  of  Armor. 

In  modern  ships  of  war  the  main  use  of  armor  in  the  formation 
of  shot-proof  decks  adjacent  to  the  load- water-line,  and  of  more  or 
less  complete  belts  of  side  armor  combined  with  such  decks,  is  to  pro- 
tect the  machinery  and  magazines  from  shot  and  shell. 

There  has  been  a  wide  abandonment  of  side  armor,  founded  upon 
the  recognition  of  several  facts  : 
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1.  The  increasing  penetrating  power  of  the  gun.  The  12-inch 
gun  is  now  more  than  a  match,  at  close  quarters,  for  the  best  18-iuch 
steel  plates.  It  requires  the  best  9-iuch  armor  to  keep  out  steel  pro- 
jectiles from  the  6-inch  gun  at  short  range. 

2.  The  great  volume  and  accuracy  of  shell-fire  makes  the  original 
arrangement  of  broadside  ports  in  an  armored  side  inadmissible. 
The  crowding  of  men  in  the  rear  of  an  open  or  unarmored  port  can 
no  longer  be  accepted. 

3.  The  propelling  machinery  and  the  magazines  are  of  more  con- 
sequence than  the  whole  battery  of  guns,  because  the  ship  has  become, 
by  vnrtue  of  her  ram  and  torpedoes,  a  powerful  fighting  machine 
apart  from  her  guns. 

4.  The  large  use  of  side  armor,  by  reason  of  its  weight  and  cost, 
limits  the  number  of  ships  obtainable  with  a  given  sum  of  money. 

But  while  side  armor  has  been  largely  suppressed  and  superseded 
for  these  reasons,  it  still  possesses  one  great  advantage.  It  prevents 
the  entrance  of  water  into  the  zone  between  wind  and  water  through 
holes  made  by  light  projectiles  not  capable  of  perforating  armor,  but 
capable  of  damaging  seriously  an  unarmored  side.  Those  who  have 
appreciated  most  keenly  the  value  of  side  armor  at  the  water-line, 
for  preserving  the  floating-power  of  the  ship  against  light  guns,  have 
sometimes  failed  to  see  that  my  apparent  unreadiness  to  concur  with 
them  has  arisen  from  real  sympathy. 

My  contention  has  been  that  all  armed  fighting-ships  present  equal 
claims  to  be  kept  afloat  against  the  attack  of  the  guns  which  they 
have  to  face.  I  consider  that  in  all  such  ships  the  first  duty  of  the 
designer  is  to  enable  the  crew  to  inflict  damage  on  the  enemy.  Arms 
and  mobility,  therefore,  come  first;  endurance  under  gun-fire  next. 
There  must  be  degrees,  varying  with  the  size  of  the  ship,  in  the 
strength  of  the  arms  and  in  the  amount  of  the  mobility.  But  all  the 
fighting-men,  exce[)t  tliose  in  forlorn  hopes,  are  equally  entitled  to  a 
chance  of  existence  under  the  artillery  fire  which  they  must  receive 
and  endure.  I  have  been  unable  to  understand  the  exclusive  claim 
for  protection  by  means  of  side  armor  in  a  ])articular  class  of  ships 
in  a  large  navy,  such  ships  not  being  distinguished  by  exceptionally 
large  crews,  nor  as  being  centers  of  operation  for  a  fleet,  nor  as  being 
required  to  attack  fortresses.  And  the  question  as  to  the  use  of  belt- 
armor  in  classes  of  ships  not  distinguished  as  above  is  perplexed  by 
the  following  considerations: 

First,  and  generally,  whether,  in  strengthening  the  water-zone 
by  side  armor  against  feeble  projectiles,  we  do  not  expose  it  more 
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to  the  very  serious  attack  of  larger  ones,  than  it  would  be  if  formed 
with  an  armored  deck  near  the  water. 

Secondly,  whether,  with  a  ship  of  given  size  and  cost,  we  are  not 
sacrificing  active  offensive  qualities  for  the  sake  of  a  passive  defen- 
sive quality.  Speed  of  ship,  power  of  armament,  or  stored-up  capi- 
tal (expended  in  the  ship)  may  be  made  to  pay  too  dearly  for  a 
passive  defence  against  the  invasion  of  water  at  the  water-zone,  see- 
ing that  the  invasion  of  water  beneath  that  zone  becomes  a  more 
"imminent  and  more  serious  peril  to  the  State  in  proportion  to  the 
reduced  speed  and  the  increased  cost. 

So  we  arrive  at  an  alternative  arrangement,  a  solid  raft-body  at 
the  water-zone  in  place  of  side  belt-armor.  It  appears  that  such  a 
raft-body  can  be  made  which,  when  undamaged,  weighs,  with  its 
casings,  not  more  than  one-third  the  weight  of  water,  and  which, 
when  saturated,  does  not  exceed  the  weight  of  an  equal  bulk  of  dry 
fir.  Such  a  system  of  water-line  defence  may  prove  suitable  for  all 
fighting-ships,  large  and  small,  by  reason  of  its  lightness  and  small 
cost.  As  I  understand  the  position,  it  is  proposed  to  give  a  trial  to 
this  system  in  the  navy  of  the  United  States. 

I  think  the  time  is  coming,  if  it  has  not  already  come,  when  there 
will  be  a  demand,  not  only  for  the  recognition  of  the  equal  claims  of 
all  fighting-ships  to  be  kept  afloat  against  the  attack  of  the  guns 
which  they  will  have  to  face,  but  also  for  the  equal  protection  of 
their  crews  between  decks  against  the  overwhelming  effects  of  the 
bursting  of  high  explosives  there. 

For  belt-  and  battery-armor  it  is  still  a  matter  for  debate  whether 
the  process  of  manufacture  first  introduced,  and  since  most  success- 
fully developed,  by  M.  Schneider,  or  that  subsequently  devised  and 
manufactured  in  Sheffield,  is  the  better. 

After  this  paper  has  left  my  hands,  and  before  it  will  be  read, 
there  will  probably  be  an  interesting  series  of  trials  of  armor  on  both 
plans  at  Annapolis  ;  what  I  say  may  therefore  be  very  brief. 

Both  systems  have  been  in  open  competition  from  the  beginning, 
and  gun-trials  have  been  made  by  all  the  maritime  powers.  The 
experience  of  the  Sheffield  compound  armor-plate  makers  as  to  their 
own  manufacture  and  that  of  their  rivals  has  been  very  great.  The 
amount  of  steel-faced  armor  which  has  been  manufactured  by  them, 
or  by  their  licensees,  during  the  last  twelve  years,  together  with  that 
which  is  in  process  of  manufacture,  equals  112,000  tons. 

They  urge  several  considerations  in  favor  of  steel-faced  armor. 
They  say  that  steel  armor  cracks  through  under  the  effects  of  blows 
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which  are  not  sufficiently  powerful  to  perforate  the  plate.  They 
consider  that  the  manufacture  of  steel  armor  is  less  uniform  and 
certain,  because  it  is  of  very  great  importance  to  oil-harden  and  an- 
neal such  armor ;  and  these  processes  are  not  required  for  steel-faced 
armor.  They  point  out  that  this  treatment  can  only  be  applied  com- 
mercially to  large  and  awkward  plates  with  great  risk,  expense  and 
difficulty,  and  that  under  these  circumstances  a  good  test-plate  offers 
no  security  as  to  the  quality  of  the  plates  it  represents.  It  is  con- 
ceded that  hard-faced  armor  endures  better  under  oblique  blows. 
They  say  that  a  cubic  foot  of  steel  armor  weighs  492  pounds,  whereas 
a  cubic  foot  of  compound  armor  weighs  only  480  pounds,  a  difference 
of  2J  per  cent,  in  favor  of  the  latter. 

An  experiment  has  recently  been  made  in  England  to  ascertain 
whether  it  can  be  confidently  stated  that  oil-hardening  and  annealing, 
or  some  equivalent  finishing  procass,  is  necessary  for  steel  plates. 
Messrs.  Brown  and  Messrs.  Cammell,  the  two  great  Sheffield  firms, 
makers  of  compound  armor,  are  satisfied  as  to  this  necessity. 

A  9-inch  plate  of  steel  was  manufactured  and  cut  into  two  plates, 
each  4  feet  square.  One  piece  was  left  untreated,  and  the  other  was 
oil-hardened  and  annealed.  They  were  fired  at  by  a  6-inch  gun  with 
Firth  steel  projectiles  weighing  100  pounds.  The  striking  energy 
of  the  blow  upon  the  untreated  plate  was  2389  foot-tons,  and  the 
energy  of  the  blow  upon  that  which  had  been  treated  was  2378.5 
foot-tons.  In  the  latter  case  the  projectile  made  an  indent  of  10.5 
inches,  so  that  light  was  just  visible  through  the  center  of  the  bulge 
at  the  back  of  the  plate.  The  projectile  rebounded,  broken  into 
three  pieces.  The  plate  was  cracked  through,  but  was  whole,  and 
no  material  was  splintered  out  at  the  front  or  back  of  the  plate.  In 
the  case  of  the  untreated  plate,  the  shot  passed  through,  and  the 
splintering  of  the  steel  round  the  hole  in  the  front  of  the  plate  spread 
over  a  space  15  inches  across.  The  splintering  round  the  hole  at  the 
back  of  the  plate  covered  a  space  33  inches  across.  The  plate  did 
not  remain  whole,  but  broke  into  six  separate  pieces. 

I  am  myself  no  lover  of  armor.  As  a  member  of  a  great  and 
peaceful  trading  community,  I  dislike  everything  which,  by  differ- 
entiation, tends  to  lower  the  comparative  fighting  value  of  armed 
mercantile  ships.  I  dislike  also  that  which  reduces  the  available 
number,  by  increasing  the  individual  cost,  of  ships  of  war.  There 
is,  I  think,  no  such  necessary  and  vital  distinction  between  the  man- 
of-war  and  the  properly  armed  and  protected  State  auxiliary  of  high 
speed  as  would  justify  the  neglect  of  such  auxiliaries  for  maritime 
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warfare.  One  must  admit  that  at  present  there  are  very  great  diflPer- 
ences  between  them  in  figliting  value,  ship  for  ship,  due  partly  to  the 
very  superior  subdivision,  and  partly  to  the  use  of  armor  of  high 
quality  in  the  regular  ship-of-war. 

The  man-of-war  proper  will  probably  never  abandon  the  use  of 
armor.  We  may  rather  expect  that  steel  and  steel-faoed  armor  of  the 
highest  quality,  instead  of  being  confined  to  a  few  ships,  called 
battle-ships,  will  be  employed  universally  for  the  defence  of  the  ab- 
solutely vital  parts  of  every  ship  built  expressly  for  war  service. 

Discussion. 

Commander  F,  M.  Barber,  U.  S.  Navy  :  The  distinguished 
author's  paper  opens  with  the  observation  that  it  is  far  more  difficult 
to  check  leaks  in  iron  ships  than  it  used  to  be  in  wooden  ships. 
This  is  an  acknowledgment  of  a  difficulty  which  is  not  yet  overcome, 
and  one  that  we  are  all  obliged  to  confirm.  In  old  times,  with  wooden 
ships,  there  were  a  few  simple  and  effiictive  means  for  stopping  a 
leak.  We  had  the  old-fashioned  shot-plug,  looking  very  much  like 
a  loaf  of  Martinique  sugar,  which  could  be  driven  into  a  shot-hole 
of  any  size,  and  it  would  close  it  up.  We  had  also  felt  and  planking 
which  could  be  nailed  to  the  side  of  the  ship ;  and  we  had  a  method 
of  flowing  oat-meal  and  sawdust  into  a  seam,  which  would  fill  it  up. 
But  none  of  these  means  will  answer  for  a  single-skin  iron  ship. 
For  local  injuries  in  such  vessels  we  are  obliged  to  resort  to  various 
devices  which  only  too  frequently  prove  inefficacious.  A  hole  in  an 
iron  ship  is  nearly  always  smooth  on  the  outside  and  rough  on  the 
inside.  As  it  is  frequently  inaccessible  from  the  outside,  the  diffi- 
culty of  making  a  tight  joint  becomes  almost  insuperable.  One  of 
the  methods  attempted  is  to  use  felt  mats;  another,  to  push  a  kind 
of  umbrella  out  through  the  hole,  relying  on  the  pressure  of  the 
water  to  spread  it  and  close  the  opening.  We  have  also  tried  canvas, 
weighted  so  as  to  go  over  the  side,  or  a  big  canvas  s^iil  hauled  under 
the  ship.  But,  take  a  long  leak  in  a  seam  where  the  rivets  have 
started,  and  it  is  almost  impossible  to  close  it. 

The  author's  remarks  on  the  large  vessel  which  he  would  propose 
to  build  are  to  me  very  curious  and  interesting  because  the  plan  is 
perfectly  feasible.  But  if  the  Great  Eastern,  with  her  24,000  tons' 
displacement  was  unprofitable,  would  not  this  vessel,  with  over 
100,000  tons'  displacement  prove  equally  so  if  she  did  not  possess 
enormous  speed?  The  vessels  described  by  Sir  James  Kitson,  a 
short  time  agO;,  could  soon  wrest  from  this  competitor  all  her  freight 
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business,  for  in  vessels  of  her  dimensions  so  ranch  time  would  be 
consumed  in  loading  and  in  making  the  voyage  that,  with  an  ordi- 
'nary  steamer,  half  a  dozen  trips  could  be  made  in  the  same  period. 

In  discussing  the  subject  of  bulkheads,  an  essential  feature  of 
modern  practice,  not  mentioned  by  the  author,  is  that  a  bulkhead 
should  be  so  high  as  to  extend  above  the  water-line  when  the  adjoin- 
ing compartment  is  full ;  for  it  will  be  readily  understood  that  if  the 
water  can  overflow  the  bulkhead,  it  will  fill  the  next  compartment 
and  then  the  next,  and  finally  sink  the  ship.  A  water-tight  bulk- 
head is  of  no  value  unless  it  be  really  water-tight.  Hibernian  as  this 
may  sound,  I  mean  that  everything  depends  upon  absolute  tightness. 
Holes  through  a  bulkhead  must  always  be  avoided.  Sir  Nath- 
aniel cites  the  Oregon,  implying  that  the  ship  might  have  saved  her- 
self as  well  as  her  passengers  if  she  had  been  provided  with  tight 
bulkheads.  But  I  believe  the  fact  was  brought  out  in  an  English 
court  that  while  stowing  her  cargo,  one  of  her  water-tight  doors  had 
been  opened  and  that  it  was  left  open.  Another  important  feature 
which  I  might  add  regarding  bulkheads  is  that  all  men-of-war  and 
all  the  largest  merchant-steamers  now  have  twin-screws,  which  make 
it  practicable  to  get  fore-and-aft  bulkheads  right  through  the  ship. 
This  creates  a  longitudinal  division  which  is  of  first  importance;  the 
transverse  subdivisions  then  section  the  vessel  into  much  smaller 
spaces. 

The  distribution  of  armor-plate  is  a  subject  which  should  be  illus- 
trated by  drawings  of  battle-ships;  but,  in  a  few  words,  I  may  say 
that  the  distribution  of  armor  has  been  largely  due  to  the  develop- 
ment of  artillery,  and  that  side-armor  has  not  been  abandoned,  nor 
will  it  be,  though  Sir  Nathaniel  would  lead  us  to  infer  that  the  only 
function  which  it  can  now  usefully  subserve  is  that  of  keeping  out 
light  projectiles.*  In  the  old  days  of  smooth-bore  guns,  a  four-inch 
armor-plate  was  enough  to  keep  out  all  projectiles,  and  it  was  put 
all  over  the  side  of  the  ship.  When  we  advanced  to  rifled  guns  and 
greater  projectile  energy,  it  was  necessary  to  increase  the  thickness 
of  the  plate.  As  twenty  or  twenty-five  per  cent,  of  a  vessel's  dis- 
placement is  all  that  can  be  allowed  for  her  armor,  an  increase  in 
the  thickness  of  ihe  plate  was  necessarily  attended  with  a  contraction 

*  I  quote  the  author's  words  on  this  subject:  "  But  while  side-armor  has  been 
largely  suppressed  and  superseded  for  these  reasons,  it  still  possesses  one  great  ad- 
vantage. It  })revents  the  entrance  of  water  into  the  zone  between  wind  and  water 
through  holes  made  by  light  projectiles  not  capable  of  perforating  armor,  but 
capable  of  damaging  seriously  an  unarn)ored  side." 
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or  limitation  of  the  area  that  it  became  possible  to  protect.  Natu- 
rally the  armor  was  thickened  over  the  vital  parts.  At  first  a  heavy 
belt  was  maintained  along  the  water-line,  fore  and  aft,  bnt  soon  it 
was  found  impracticable  to  carry  this  belt  in  sufficient  thickness  over 
the  full  length  of  the  ship;  next,  therefore,  a  so-called  "protective 
deck"  was  introduced  below  the  water-line;  and  now  the  thick 
armor-line  is  generally  confined  to  the  center  of  the  ship. 

The  value  of  any  belt-armor  at  the  water-line,  except  for  a  few 
special  cases,  is  q^iestioned  by  the  author,  one  of  his  objections  being 
that  the  water-line,  though  thus  protected  against  light  projectiles, 
would  become  more  exposed  to  the  attack  of  heavier  ones  wliich 
would  penetrate  it.  If  I  have  understood  the  argument  correctly, 
I  believe  Sir  Nathaniel  has  made  an  erroneous  assumption.  In  our 
own  battle-ships,  we  provide  eighteen  inches  of  belt-armor  on  the 
water-line  in  the  middle  of  the  ship,  which  is  just  the  same  thickness 
as  has  been  adoj)ted  for  the  largest  British  battle-ships  now  build- 
ing. At  sea,  this  could  safely  keep  out  any  projectile.  The  armor 
tapers  towards  the  ends  where  there  are  less  chances  for  being  hit 
with  a  severe  direct  blow  than  with  a  lighter  glancing  one.  The 
chances  at  sea  are  always  very  much  improved  for  the  armor, 
but  as  much  diminished  for  the  gun.  It  has  been  said  by  able 
British  artillerists  that  armor  virtually  doubles  itself  when  it  goes 
to  sea.  I  was  fortunate  in  witnessing  the  bombardment  of  Alex- 
andria ;  not  one  of  the  vessels  engaged  there  was  penetrated  through 
its  armor,  though  many  of  the  guns  on  shore  were  heavy  enough  to 
have  done  it  with  a  square  blow,  and  the  vessels  were  struck  many 
times. 

As  to  the  size  of  vessels,  I  cannot  agree  with  Sir  Nathaniel  in  con- 
sidering very  large  men-of-war  less  useful  than  small  ones,  for  I 
believe  that  the  14,000-ton  ship,  as  now  built  in  England,  repre- 
sents nearly  the  maximum  of  power.  It  is  impossible  to  get  all  that 
is  now  demanded  in  power  of  offence,  defence  and  speed  until  that 
displacement  is  reached. 

The  future  of  the  armor-plate  looks  promising  ;  indeed,  it  appears 
as  though  we  should  soon  be  able  to  break  up  the  projectile.  The 
introduction  of  nickel  into  steel  armor-plate  has  wrought  a  great 
difference;  if  the  projectile  energy  required  to  penetrate  a  wrought- 
iron  armor-plate  be  taken  as  1,  then  the  projectile  energy  at  the 
English  Government  reception -tests  for  com})ound  armor-plates 
would  be  represented  by  1.07,  or  seven  per  cent,  greater,  and  that 
of  the  Annapolis  competitive  test,  on  September  18,  1«90,  by  1.17, 
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or  17  per  cent,  greater.*  I  may  add  that  I  have  seen  a  nickel -steel 
plate  fired  at  with  a  projectile  energy  30  per  cent,  greater,  and  yet 
the  plate  did  not  crack  nor  the  projectile  get  through.  There  is  a 
possibility  of  hardening  nickel-steel  armor,  without  impairing  its 
tenacity,  to  a  degree  that  we  have  not  yet  reached.  As  long  as  we 
do  not  crack  the  plate  there  is  a  possibility  of  stopping  a  hole,  for 
it  may  be  plugged  ;  but  this  is  no  longer  practicable  when  the  cracks 
run  from  one  hole  to  another  and  pass  through  the  plate. 

The  development  of  homogeneous  steel  armor  in  England  has  been 
greatly  retarded  by  a  ruling  of  the  British  Admiralty  that  cracks 
should  not  be  allowed  to  pass  through  the  plate.  We  all  know  that 
if  ordinary  steel  is  struck  very  hard  it  will  crack,  and  that  the  crack 
will  be  likely  to  go  clear  through  the  plate.  In  a  compound  armor- 
plate,  which  is  composed  of  a  steel  face  for  one-third  of  its  thickness, 
and  a  wrought-iron  back  for  two-thirds,  the  cracks  only  run  in  and 
not  through,  but  the  whole  steel  face  is  liable  to  come  off,  as 
occurred  at  Annapolis,  leaving  only  thin  wrought-iron  on  the  ship. 
The  French  Government,  on  the  other  hand,  has  encouraged  the 
manufacture  of  all-steel  plates.  It  has  allowed  the  through-cracking 
because  that  did  not  appear  to  diminish  the  resistance  of  the  plate  to 
repeated  shots,  and  it  has  sought  to  compensate  for  the  cracks  by 
increasing  the  number  of  bolts  which  hold  the  plate  to  the  side  of 
the  ship.  In  this  way,  the  French  have  preserved  the  advantages 
accruing  from  the  high  resistance  of  the  steel,  and  recently,  by  the 
addition  of  nickel,  they  have  obtained  the  non-cracking  qualities  of 
wrought-iron  while  maintaining  the  full  thickness  of  the  plate.  As 
another  result  of  their  persistence,  a  system  of  bolting  has  been  de- 
veloped which,  I  think,  is  superior  to  any  other.  A  large  number 
of  small  bolts  is  used  in  preference  to  fewer  large  ones. 

The  substitution  referred  to  by  the  author  of  a  solid  raft-body  at 
the  water-zone  in  place  of  side-belt  armor  is  at  present  a  most  in- 
teresting experiment  in  the  construction  of  men-of-war.  Attention 
was  turned  some  years  ago  to  stoj)ping  the  inflow  of  ivater  through 
holes  made  by  projectiles  in  both  armored  and  unarmored  vessels. 
The  difficulty  of  accomplishing  this  for  single-skin  iron  vessels  has 
already  been  referred  to.  In  the  case  of  men-of-war,  built  with  a 
double-skin,  the  efforts  have  been  directed  to  packing  the  space  be- 
tween the  two  skins.  The  French  were  the  first  to  try  this  plan. 
After  many  experiments  they  have  adopted  a  material  called  cocoa- 

*  For  the  report  on  this  test,  with  photographs  of  the  target-plates  and  pro- 
jectiles, see  Proceedings  of  the  U.  S.  Naval  InstUute,  vol.  xvi.,  No.  5,  1890. 
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cellulose  which  is  made  from  the  hair  of  the  cocoa-nut.  It  is  very 
light,  weighing  only  8  pounds  ptT  cubic  foot,  and  costing  but  17 
cents  per  pound  in  France.  This  material  is  packed  tightly  be- 
tween the  skins;  it  is  so  wonderfully  absorbent  of  water  and  so  ex- 
pansive, that  the  hole  made  by  a  10-inch  shot  going  through  a  21- 
foot  belt  of  it,  will  close  before  half  a  dozen  barrels  of  water  can  get 
through  it.  The  French  government  specifies  that  the  hole  thus 
filled  shall  remain  tight  for  eighteen  hours,  it  being  assumed  that  in 
that  interval  it  will  be  ])ossible  to  put  a  patch  on  the  inner  skin. 
The  difficulty  with  cellulose  in  this  form  is  that  it  goes  on  absorbing 
water,  and  hence  it  has  become  necessary  to  subdivide  the  double- 
skin  of  the  ship  into  a  number  of  vertical  compartments.  The  ver- 
tical bulkheads  thus  employed  add  to  the  weight  of  the  hull  and  are 
objectionable. 

The  next  plan  was  to  introduce  the  raft- bodies  which  I  have  men- 
tioned. Their  adoption  is  now  advocated  for  many  men-of-war  with 
a  view  to  preserving  the  protective-deck,  which  is  a  curved  deck 
built  four-and-a-half  feet  below  the  water-line  along  the  side  and  at 
the  bow  and  stern  of  the  ship  and  rising  somewhat  amidship.  All 
the  machinery  and  all  the  essentials  are  beneath  this  deck,  and  if  the 
water  can  be  kept  from  getting  below  it,  the  vessel  will  float.  The 
plan  is  therefore  to  fill  in,  wherever  possible,  above  this  protective 
deck  with  a  material  which  will  obstruct  the  passage  of  water  with- 
out absorbing  it.  In  England,  the  material  talked  of  for  this  pur- 
pose is  so-called  "  woodite,"  described  by  Sir  Nathaniel  as  a  substance 
weighing  twenty-one  pounds  to  the  cubic-foot,  and  made  of  cork  and 
rubber,  but  none  of  it  has  yet  been  used  by  the  government.  In 
using  cellulose  for  this  purpose,  it  is  made  up  into  cubes  and  covered 
with  lacquered  paper.  The  cubes  weigh  only  eight  or  nine  pounds 
per  cubic  foot  and  are  tight  under  a  head  of  10  feet  of  water.  In 
America,  we  have  adopted  the  cellulose,  and  it  has  also  been  em- 
ployed by  the  Russians,  Turks  and  Japanese,  but  the  French  are  the 
largest  users  of  it.  Its  application  to  a  man-of-war  is  quite  simple, 
but  for  merchant-ships  I  question  whether  we  have  not  to  advance 
much  further  with  machinery  and  equipment  before  we  can  afford 
to  build  them  with  a  double-skin  all  around.  When  that  is  done, 
however,  the  cellulose  filling  will  add  largely  to  the  life-saving  and 
preserving  qualities  of  the  ship. 

In  his  concluding  paragraph  the  author  gives  it  as  his  opinion 
that  every  kind  of  fighting  ship  should  be  armored,  and  in  this  I 
would  express  my  full  concurrence.     If  armor  is  adapted  to  the 
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construction  of  vessels  specially  intended  for  fighting  purposes,  a 
combination  of  armor  with  cellulose  or  similar  material  can  un- 
questionably be  made  to  produce  a  vessel  which  will  be  almost  im- 
pregnable and  unsinkable,  provided  that  size  is  not  restricted  below 
14,000  tons.  Vessels  of  that  size  can  command  the  speed  and, 
contrary  to  popular  notions,  they  can  be  turned  in  a  shorter  time  and 
are  handier  than  large  merchant-ships,  as  they  have  a  greater  pro- 
portion of  beam  to  length.  As  for  unarmored  cruisers,  I  think  we 
are  better  off  without  any,  for  they  will  be  sure  to  get  us  into  trouble 
in  time  of  war.  The  development  of  our  commercial  comjianies  by 
encouraging  them  to  build  fast  steamers  and  letting  them  earn  their 
own  living  in  time  of  peace,  and  by  providing  them  with  rapid-firing 
guns  in  time  of  war,  will  furnish  us  with  an  auxiliary  fleet  more 
efficient  than  any  unarmored  men-of-war. 


PBOOBESS  IN  MAGNETIC  CONCENTBATION  OF  IRON-OBE. 

BY  JOHN   BIRKINBINE,   PHILADELPHIA,   PA. 
(New  York  Meeting,  September,  1S90.) 

Since  the  presentation  of  the  paper  upon  "  The  Concentration  of 
Iron-Ore,"  which  the  writer,  associated  with  Mr.  Thomas  A. 
Edison,  read  before  the  Institute  in  February,  1889  [Transactions, 
vol.  xvii.,  728-744),  much  time  and  money  have  been  devoted  to 
applications  of  various  forms  of  concentrating  apparatus,  particularly 
in  treating  magnetic  iron-ores.  An  indication  of  the  interest  which 
has  been  developed  is  shown  in  the  four  papers  presented  at  and 
printed  in  advance  for  this  meeting.* 

The  question,  does  magnetic  concentration  pay?  is  now  being  dis- 
cussed by  many  owners  of  magnetite  deposits,  and  affirmative  answers 
can  be  readily  obtained  from  patentees  or  agents  of  special  machinery, 
while  ultra-conservatism  may  give  a  prompt  negative  reply,  based 
mainly  uj)on  the  apparent  impracticability  of  handling,  crushing, 
sizing  and  separating  large  quantities  of  ore,  and  upon  the  generally 

*  "Magnetic  Concentration  at  tlie  Michigamme  Iron  Mine,  Lake  Superior,"  by 
John  C.  Fowle;  '"  Ore-Dre.ssing  by  Electricity  at  tbe  Tilly  Foster  Mine,"  by  F.  H. 
McDowell ;  "The  Magnetization  of  Iron-Ore,"  by  Clemens  Jones;  "  The  Ball-Nor- 
ton Electro-Magnetic  Separator,"  by  C.  M.  Ball. 
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accepted  disadvantnge  of  cliargi'ng  material  in  a  finely-divided  state 
into  the  hlast-fiirnace.  A  letter  received  from  a  member  of  the  In- 
stitute (whose  name  is  withlield  solely  because  his  absence  from  the 
country  prevents  obtaining  his  consent  to  publish  it)  contains  the 
following  statements: 

"Tlie  texture  of  tlie  ore  itself,  tlie  way  in  wliicli  it  breaks  wlien  oruslie(1,  and  tlie 
tenacity  of  its  adhesion  to  the  gangne  (involving  also  tlie  nature  of  the  latter),  the 
degree  of  its  magnetic  quality,  etc.,  have  a  great  deal  to  do  with  the  general  pracii- 
cability  of  concentration  and  also  with  the  choice  of  an  appar-tus.  I  have  never 
yet  encountered  a  case  in  which,  however  favorable  the  conditims,  it  wotild  ])ay  to 
mine  and  concentrate  an  American  magnetite.  So  far  as  I  can  see,  at  this  stage  of 
our  practice,  waste-dumps  only,  or  the  rejected  j)ortion  of  an  output,  other  portions 
of  which  have  been  shipped  at  a  profit  covering  the  whole  cost  of  mining,  can  be 
used  successfully  as  the  raw  material  of  concentration. 

"The  fatal  element  seems  to  be  the  actual  loss  of  iron  in  the  tailings ;  in  the  case 
of  a  material  which  may  be  taken  as  having  cost  nothing,  and  which  could  not  be 
smelted  at  any  price  (say  a  25  jier  cent,  material),  there  is,  of  course,  a  chance  for 
profitable  concentration  if  the  value  of  the  product  only  exceeds  the  cost  of  the  pro- 
cess itself.  But  I  found  in  one  case,  where  the  crude  material  contained  38  per 
cent,  of  iron,  that  the  saving  in  freight,  fluxes,  and  general  furnace-expenses  effected 
by  a  magnetic  concentration  was  not  sufficient  to  balance  the  waste  of  iron.  In 
other  words,  it  was  cheaper  in  that  case  to  haul  tlie  whole  product  of  the  mine  to 
the  furnace,  add  the  extra  flux  required,  incur  the  extra  expense  due  o  smaller 
furnace-product,  and  take  the  consequences,  than  to  lose  the  iron  in  the  tailings 
after  having  once  paid  for  mining,  crushing,  and  handling  them.  I  need  not  say 
that  no  money  was  to  be  made  out  of  the  smelting  of  a  08  per  cent,  magnetite  under 
the  circumstances,  but  the  net  loss  of  the  whole  operation  of  mining  and  smelting 
would  have  been  increased,  not  diminished,  by  concentrating  the  ore." 

The  purpose  of  this  contribution  will  be  to  discuss  these  state- 
ments in  connection  with  the  data  presented  in  the  four  papers 
referred  to,  and  also  to  offer  a  rhume  of  efforts  made  in  the  United 
States  to  solve  the  commercial  problem  of  concentrating  iron-ores  by 
magnetic  appliances. 

A  combination  of  circumstances  has  given  the  writer  special  op- 
portunities for  familiarizing  himself  with  the  features  of  many 
machines  designed  for  this  purpose.  They  have  been  examined  when 
operating  either  experimentally  or  on  a  commercial  scale,  and  the 
possession  of  several  hundred  analyses  of  the  results  obtained  in  these 
investigations,  many  of  them  from  samples  personally  selecte^l, 
permit  the  possibilities  of  success  to  be  judged. 

The  writer's  practice  in  supervising  the  construction  of  large  sep- 

arating-works,  supplemented  by  visits  to  most  of  the  concentrating- 

plants  in  the  country,  and  thedirection  of  testsof  separating-apparatus 

prepare  him,  in  point  of  experience,  perhaps,  for  the  present  task  ; 
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and,  as  a  further  qualification,  be  is  free  from  personal  or  financial 
interest  iu  any  patented  appliance.  An  endeavor  to  discuss  the  sub- 
ject without  prejudice  and  without  bias,  drawing  conclusions  from 
the  data  of  the  four  papers,  should  be  interpreted  not  as  commend- 
ing or  condemning  special  machines,  or  passing  a  verdict  on  the 
merit  of  particular  concentrates,  but  rather  as  broadly  considering 
the  possibility  of  any  further  improvement. 

Review  of  the  Papers. 

Concentration  at  the  Tilly  Foster  Mine. — The  contribution  of  Mr. 
F.  H.  McDowell  on  "Ore-Dressing  by  Electricity  at  the  Tilly  Fos- 
ter Mine"  is  valuable  on  account  of  the  tabulated  results,  which  show 
the  cost  of  various  steps  in  the  process.  The  Conkling  magnetic 
separator,  used  at  the  concentrating-works  of  the  Tilly  Foster  mine, 
consists  of  an  endless  travelling  belt,  placed  upon  an  incline,  with 
two  pairs  of  magnets  located  between  the  ascending  and  descending 
sides  of  the  belt,  the  magnets  of  each  pair  being  connected  by  iron 
pole-plates,  so  as  to  exert  their  influence  over  a  considerable  area  of 
the  ascending  portion  of  the  belt.  The  ore  is  fed  upon  the  belt  near 
the  lower  magnet ;  the  magnetic  particles,  drawn  by  the  magnets, 
are  carried  up  the  incline  by  the  belt,  while  the  tailings  are  washed 
downward  by  a  stream  of  water  in  the  opposite  direction  to  the 
travel  of  the  belt.  The  lines  of  magnetic  force  passing  across  the  belt 
from  the  north  to  the  south  pole-plates  cause  the  magnetic  particles  to 
be  grouped  in  a  path  which  approximates  the  center-line  of  the  belt, 
thus  connecting  the  two  magnetic  poles.  It  will  be  noticed  that  the 
machine  differs  materially  from  the  Conkling  magnetic  separator, 
described  and  crudely  illustrated  in  the  Transactions,  vol.  xvii.,  739. 

No  continuous  attempt  has  been  made  at  this  plant  to  secure  a 
rich  product,  as  the  Lackawanna  Iron  and  Coal  Company,  which 
operates  the  mine  and  uses  the  ore  in  its  blast-furnaces,  ai)pears  to 
be  satisfied  with  concentrates  which,  though  comparatively  lean  in 
iron,  carry  valuable  fluxing  material.  How  far  the  economic  result 
would  be  affected  by  finer  comminution  and  closer  separation  can 
only  be  conjectured  from  other  experiments.  In  the  results  it  will 
be  noted  that  the  percentage  of  iron  in  the  crude  ore  sent  to  the  niill 
d(U'ing  seven  months  ranged  from  24. 9G  to  28.57  per  cent.,  wiih  an 
average  of  27.14  per  cent.,  while  the  concentrates  varied  from  47.4 
to  51.04  per  cent.,  with  an  average  of  49.G3  per  cent. 

A  critical  examination  of  this  record  indicates  that  the  method 
employed   causes  a   large  loss  in  slimes — that  is,  in  dust  and  fine 
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material  carried  away  by  the  water;  for  we  find  in  the  three  months 
for  which  analyses  of  crude  ore,  heads,  and  tails  are  given,  that  the 
units  of  iron  in  the  heads,  added  to  those  in  the  tails,  in  each  case 
fall  short  of  the  iron-contents  in  the  crude  ore. 

Thus,  in  INIay,  3.07  tons  of  crude  ore,  carrying  26.8  per  cent,  of 
iron  were  required  to  produce  1  ton  of  50.19  per  cent,  concentrate 
and  2.07  tons  of  tailings,  carrying  11.53  per  cent,  of  iron.  We 
then  have: 

Units  of  Iron. 
Used  3.07  tons  of  crude  ore,  at  26.8  per  cent,  iron,  .        .         .     82.28 
Produced  1  ton  of  concentrate,  at  50.19  per  cent,  iron,  .     50.19 
Produced  2.07  tons  of  tailings,  at  11.53  per  cent,  iron,  .     23.87 

74.06 

Deficiency, 8.22 

By  this  showing  10  per  cent,  of  the  iron  in  the  crude  ore  is  not 
accounted  for  in  either  the  concentrate  or  tailings,  and  only  01  per 
cent,  of  the  iron  in  the  ore  is  recovered  as  concentrate.  Similar 
calculations  for  some  of  the  other  statements  give  the  following 
results : 

For  June,  out  of  82.86  units  of  iron  in  the  crude  ore,  70.96  units 
are  accounted  for,  leaving  a  deficiency  of  11.9  units,  or  14.36  per 
cent,  of  the  iron  in  the  crude  ore.  The  concentrate  contains  61.6 
per  cent,  of  the  iron  in  the  ore. 

For  July,  out  of  71.91  units  of  iron  in  the  crude  ore,  65.58 
units  are  accounted  for,  a  deficiency  of  6.33  units,  or  8.8  per  cent,  of 
the  iron  in  the  crude  ore.  The  concentrate  contains  68.3  per  cent, 
of  the  iron  in  the  ore. 

These  figures  emphasize  the  criticism  of  the  letter,  above  quoted, 
upon  the  loss  in  tailings;  yet  the  items  of  cost  offered  by  Mr. 
McDowell  indicate  that  in  handling,  under  difficulties,  the  material 
from  a  waste-dump  carrying  less  than  30  per  cent,  of  iron  and 
recovering  less  than  70  per  cent,  of  its  iron-contents,  an  apparently 
satisfactory  commercial  return  is  obtained. 

The  average  cost  of  producing  one  ton  of  concentrate  during  the 
six  months  tabulated  by  Mr.  McDowell  was  $2.25  ;  and,  in  addition, 
20.7  cents  were  expended  in  the  preliminary  crushing  and  delivering 
of  one  ton  of  the  crude  ore  to  the  mill — an  item  of  cost  affected  by 
special  conditions  at  each  mine.  The  material  and  labor  expended 
upon  repairs  to  the  mill  and  machinery  also  assume  proportions 
which  are  not  uncommon  in  new  installations,  particularly  where  the 
operations  are  still  more  or  less  experimental.     The  cost   of  fuel   is 
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influenced  by  the  nature  of  the  macliinery,  and  by  the  necessity  of 
using  steam-power  for  elevating  the  large  quantity  of  water  which  is 
required  for  this  })articular  plant.  Mr.  McDowell  gives  the  figures 
for  August,  1890,  which  show  that  a  ton  of  concentrate  was  pro- 
duced at  a  cost  of  $1.89,  and  a  critical  examination  of  the  items  in 
his  statement  indicates  a  possible  further  reduction. 

From  the  data  given,  we  may  assume  an  average  of  2.9  tons  of 
crude  ore  to  be  required  per  ton  of  concentrate,  and  the  cost  of  pre- 
liminary crushing  and  delivery  to  the  mill  to  approximate  20  cents 
per  ton  of  crude  material.  Mr.  McDowell  shows  that  the  mill  at 
Tilly  Foster  has  operated  at  less  cost,  while  Mr.  Fowle  gives  the 
expense  of  the  entire  operation  (working,  however,  both  coarse  and 
fine  ore)  at  the  Michigamme  mine,  Michigan,  at  only  18  cents  per 
ton.  Then  2.9  x  20  =  58  cents,  for  the  cost  of  crushing  and  pre- 
paring for  the  stamps  and  separators  sufficient  ore  to  produce  a  ton 
of  concentrate. 

As  the  output  of  the  mill  is  increased,  the  repairs,  supplies,  fuel, 
etc.,  per  ton  of  product  will  be  diminished,  and  there  appears  to  be 
good  reason  for  expecting  that,  in  the  plant  under  consideration,  a 
ton  of  concentrate  of  the  present  quality  should  not  cost  above  $1.75, 
making  no  allowance  herein  for  the  cost  of  the  crude  material. 
Where  fuel  is  less  expensive  and  water  obtainable  by  gravity,  the 
cost  in  a  similar  plant  might  be  brought  below  $1.50  per  ton  of  con- 
centrate, thus  showing  a  satisfactory  margin  of  profit  at  ordinary 
prices,  after  allowing  for  interest  and  fixed  charges.  To  comminute 
the  ore  more  finely  would  add  to  the  expense,  but  it  would  also  aug- 
ment the  value  of  the  ore  by  increasing  the  percentage  of  iron  re- 
covered. 

The  results  set  forth  in  Mr.  McDowell's  table  support  his  first 
jn-oposition,  that  "  unless  the  location  and  other  conditions  are  ex- 
ceptionally fjivorable,  it  will  not  pay  to  erect  works  to  treat  the  mate- 
rial of  waste-dumps  carrying  less  than  25  per  cent,  of  iron;"  but  if 
leaner  tailings  had  been  obtained  at  the  Tilly  Foster  mine,  with  the 
same  relative  cost  of  crushing  and  sizing,  then  3  tons  of  waste-rock, 
yielding  20  per  cent,  of  iron,  would  produce  1  ton  of  50  per  cent, 
concentrate,  and  2  tons  of  tailings  carrying  5  per  cent,  of  iron.  Here 
again  the  loss  of  iron  in  the  tailings  is  emphasized. 

The  second  ])roposition,  "  where  the  lean  ore  is  mined  in  connec- 
tion with  shipping-ore,  there  must  be  a  corresponding  increase  in  the 
percentage  of  iron  to  offset  the  mining  and  royalty  charges,"  is  true 
if  the  lean  ore  is  not  necessarily  or  advantageously  removed  to  obtain 
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the  shipping-ore.  There  are  cases  where  ev^en  a  partial  reimburse- 
ment of  the  cost  of  mining  lean  material  more  than  compensates  for 
its  removal  in  permitting  convenient  operations  in  deposits  where  the 
vein  of  shipping-ore  is  small. 

The  third  proposition,  "  where  no  shipping-ore  is  produced,  there 
must  be  a  still  further  increase  in  the  percentage  of  iron  to  warrant 
the  erection  of  hoisting-,  pumping-  and  dressing- works,"  is  contin- 
gent upon  the  extent  and  accessibility  of  the  deposit,  the  character 
and  composition  of  the  lean  ore,  the  cost  of  mining,  comminuting 
and  concentrating  it,  and  the  market  facilities. 

It  does  not  seem  equitable,  therefore,  to  base  conclusions  upon 
what  may  properly  be  regarded  as  an  imperfect  separation  ;  for  the 
reasons  which  influence  the  Lackawanna  Iron  and  Coal  Company  to 
accept  a  concentrate  of  fairly  large  size  and  comparatively  low 
grade,  carrying  a  considerable  amount  of  fluxing  material,  would 
not  necessarily  hold  good  for  other  ores.  The  conditions  which 
would  make  the  mining  of  an  ore  impracticable  where  the  concen- 
trates and  tails  are  of  the  composition  named  by  Mr.  McDowell, 
would  not  equally  affect  the  winning  of  an  ore  raised  to  a  higher 
degree  of  concentration  with  less  loss  in  the  tailings.  The  circum- 
stances attending  the  operation  of  the  concentrating-plant  at  the 
Tilly  Foster  mine  are  peculiar;  the  owner  of  the  mine  and  concen- 
trating-plant is,  at  the  same  time,  its  customer,  who,  as  above  men- 
tioned, finds  it  advisable  to  accept  comparatively  lean  product  on 
account  of  the  fluxing  characteristics  of  the  gangue,  and  the  conve- 
nience of  having  the  particles  of  large  size. 

Concentration  at  the  Michigamme  Mine. — "Magnetic  Concentra- 
tion at  the  Michigamme  Iron  Mine,  Lake  Superior,"  presented 
by  Mr.  John  C.  Fowle,  describes  the  operation  of  a  plant  which 
may  also  be  regarded  as  one  for  enriching  comparatively  lean  ores 
rather  than  aiming  at  a  high  degree  of  concentration.  The  present 
plant  is  merely  the  outcome  of  a  practical  experiment  to  utilize  ore 
which  would  be  sufficiently  rich  for  smelting  if  there  were  furnaces 
in  the  vicinity  of  the  mines,  but  is  too  lean  to  bear  the  charges  of 
long  transportation.  No  fine  crushing  is  attempted  ;  the  smallest 
screen  employed  is  |-raesh,  while  some  of  the  material  which  passes 
the  separators  is  of  greater  size  :  pieces  which  the  writer  saw  on  the 
Wenstrom  machine  were  nearly  as  large  as  a  hand,  and  the  average 
size  of  the  concentrate  shipped  from  the  Michigamme  plant  is  much 
larger  than  that  of  tlie  product  from  the  Tilly  Foster  mill.  Owing 
to  the  coarseness  of  the  product,  the  daily  output  of  this  small  plant 
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assumes  very  satisfactory  proportions.  Mr.  Fowle  gives  the  iron- 
contents  of  the  ore  fed  to  the  crusher  at  52  to  56  per  cent. ;  that  of 
the  concentrates  at  60  to  65  percent.,  and  of  the  tailings  at  21  to  24 
})er  cent.  Like  the  Tilly  Foster,  this  plant  operates  upon  an  old 
dnni])  and  also  upon  lean  ore  brought  from  the  mine;  in  neither 
case  is  any  attempt  made  to  approach  a  perfect  sejiaration. 

The  Michigamme  plant  starts  with  a  material  which,  in  its  crude 
state,  is  richer  in  iron  than  the  Tilly  Foster  concentrate,  and  richer 
than  would  be  indicated  by  analyses  of  samples  from  all  the  iron- 
ores  fed  to  American  blast-furnaces  in  proportion  to  the  amount 
used.  While  the  loss  in  tailings  appears  excessive,  yet  owing  to  the 
richness  of  the  crude  ore  it  does  not  bear  so  great  a  relative  propor- 
tion to  the  total  as  the  instances  cited  by  Mr.  McDowell.  At 
Michigamme  mine  part  of  the  loss  of  iron  in  tailings  is  also  trace- 
able to  the  hornblende.  We  may  take  approximate  examples  from 
Mr.  Fowle's  general  statement,  using  the  maxima  in  one  case  and 
the  minima  in  the  other.  In  neither  is  allowance  made  for  the 
unknown  quantity  of  dust  which  is  lost. 

The  minima  show : 

Units  of  iron. 
]. 26  ton  of  crude  ore  carrying  52  per  cent,  iron,       .         .         .     65.52 
From  wliich  1  ton  of  concentrate  was  produced,      .         .        .     60.00 

Leaving  in  0.26  ton  of  tailings, 5.52 

Or  8j  per  cent,  of  the  iron  in  the  crude  ore. 
Iron  in  tailings  by  calculation,  21  per  cent. 

The  maxima  show : 

.  Units  of  iron. 
1.28  ton  of  crude  ore  carrying  56  per  cent,  iron,       .        .        .     71.68 
From  which  1  ton  of  concentrate  was  produced,      .         .         .     65.00 

Leaving  in  0.28  ton  of  tailing.'?, 6.68 

Or  9.3  per  cent,  of  the  iron  in  the  crude  ore. 
Iron  in  tailings  by  calculation,  24  per  cent. 

An  interesting  feature  of  the  operation  of  the  Michigamme  plant 
is  that  in  all  the  analyses  given  by  Mr.  Fowle,  the  phosphorus-con- 
tents are  less  in  the  concentrates  than  in  the  crude  ore.  A  finer  de- 
gree of  comminution  would  doubtless  favor  a  more  thorough  elimi- 
nation of  phosphorus,  but  would  increase  the  cost  of  treatment.  The 
two  forms  of  magnetic  separator  used  at  this  plant  (the  Wenstrom 
and  Jiuchanan)  were  illustrated  in  the  Transactions,  vol.  xvii.,  737 
and  738. 

Concentration  at  the  Benson  Mine  and  Elsewhar. — Different  from 
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the  above  papers  is  that  of  Mr.  C.  M.  Ball  upon  "The  Ball-Norton 
Electro-lSragnetie  Separator,"  which  illustrates  a  douhlo-driiin  ma- 
chine, and  details  tiie  results  of  some  exjieriniental  trials  with  various 
fine  and  carefully  sized  ores,  the  object  being  either  to  obtain  as 
nearly  as  possible  a  perfect  separation  of  the  magnetic  ))ortion  of  the 
material  fed  to  the  machine,  producing  a  rich  concentrate  and  lean 
tailings,  or  to  eliminate  phosphorus  from  ore  rich  in  iron  but  carry- 
ing aj)atite.  The  application  of  alternate  polarity  to  the  material 
passing  the  magnets  is  not  novel,  although  the  methods  ])ursned  by 
the  inventors  possess  some  new  features  and  practical  applications, 
mucli  commended  to  those  desiring  to  concentrate  magnetic  iron- 
ores. 

In  comparing  the  results  obtained  with  the  Monarch  separator  and 
those  detailed  by  Messrs.  McDowell  and  Fowle,  it  should  be  noted 
that  the  records  at  the  Tilly  Foster  mine  and  at  the  Michigamme 
mine  were  taken  from  practical  daily  operation,  while,  with  two  ex- 
ceptions, the  operations  of  the  Monarch  separator  were  on  a  small 
scale  and  virtually  experimental.  Indeed,  it  seems  hardly  fair  to 
compare  the  operation  of  the  Monarch  separator,  as  detailed  by  Mr. 
Ball,  with  the  results  obtained  at  the  separating-plants  given  by 
Messrs.  McDowell  and  Fowle.  In  a  short  time,  however,  the 
Monarch  machine  is  expected  to  be  in  continuous  operation  on  a 
large  scale,  and  then  its  working-results  will  be  properly  comparable 
with  the  figures  of  the  other  contributors. 

The  most  comprehensive  exj)eriment  with  Mr.  Ball's  machine  was 
made  at  the  Benson  mines,  St.  Lawrence  county.  New  York,  covering 
several  months'  operations.  Another  fairly  large  test  was  one  of  a 
fortnight's  duration,  made  under  the  writer's  direction,  with  the 
earlier  form  of  the  Monarch  sei)arator,  at  the  Port  Ilenry  mines. 
A  description  of  this  older  form,  and  some  of  the  results  obtained 
from  it,  are  to  be  found  in  the  Transactions,  vol.  xvii.,  740.  By 
Mr.  Ball's  data  the  concentrates  show  a  material  reduction  of 
phosphorus  from  that  in  the  crude  ore,  and  therefore  may  be  re- 
garded as  a  further  indorsement  of  the  possibility  of  bringing  some 
iron-ores  within  the  Bessemer  limit  by  magnetic  concentration. 

Referring  to  his  tabulated  results,  it  is  to  be  regretted  that  the 
mesh  to  which  the  crude  material  was  crushed  is  not  mentioned  in 
each  case.  It  is  noticeable  that  some  of  the  instances  where  this  in- 
formation is  given  show  the  effect  of  fine  comminution  in  increasing 
the  percetitage  of  iron  in  the  concentrate.  Thus,  M^e  have  for 
Chateaugay  ore  : 
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Size. 


4-inesh 

8-mesh 

16-mesh 

16-inesh 

16-mesh,  jig-tailings  reworked 


Percentage  of  Iron. 


Crude  Ore.       Concentrates.         Tailings 


33.99 
31.23 
36.23 
44.!J6 
19.60 


59.58 
62.11 
66.98 
66.69 
60.48 


10.64 
7.32 
8.12 
1.26 
8.96 


In  the  following  two  cases  we  may  find  another  illustration  ,of 
the  loss  of  iron  in  tailings.  Thus,  without  allowing  for  dust  which 
is  lost,  by  computing  from  Mr.  Ball's  table  A  we  find  : 

Onits  of  iron. 
Used  2.096  tons  of  crude  ore,  crashed  to  4-mesh,  and  analyzing 

33.99  per  cent,  iron, 71.24 

Produced  1  ton  of  59.58  per  cent,  concentrate,  .         .         .     59.58 

Leaving  1.096  ton  of  10.64  per  cent,  tailings,   ....     11.66 
Or  abont  16  per  cent,  of  the  total  amount  of  iron  is  lost  in 
the  tailings. 

The  second  case  : 

Units  of  iron. 
Used  2.09  tons  of  crnde  ore,  crashed  to  16-iuesh,  and  analyzing 

36.23  per  cent,  iron, 75.72 

Produced  1  ton  of  66.98  per  cent,  concentrate,  »        .        .     66.9S 

Leaving  1.09  tons  of  8.12  per  cent,  tailings 8.74 

Or  about    11.5  per  cent,  of  the   total  amount  of   iron  is  lost 
in  the  tailings. 

If,  however,  the  best  results  on  Chateaugay  16-mesh  ore,  given  by 
Mr.  Ball,  can  be  realized  on  a  commercial  basis,  then  we  would  obtain 
from  1.51  tons  of  crude  ore,  analyzing  4  1.56  per  cent,  iron,  one  ton  of 
concentrate  carrying  66.69  per  cent,  iron,  and  leave  1.26  per  cent,  of 
iron  in  the  tailings,  .showing  a  loss  of  less  than  1  per  cent,  of  the  iron 
in  the  crude  ore.  This  is  simply  to  indicate  the  value  of  securing 
tailings  low  in  iron;  such  results  have  not  yet  been  obtained  in 
practice,  or  if  they  have  been  continuously  secured  the  fact  has  not 
been  made  public. 

MigneUz:itloa  of  Ores. — Clemens  Jones,  in  discussing  "The 
Magnetization  of  Iron-Ore"  opens  up  a  field  of  inquiry  which  was 
presented   to   the   writer  by  some  experiments   made  at  the  Edisou 
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laboratory  two  years  ago,  and  which,  as  stated  by  INIr.  Jones,  has 
been  practically  studied  at  Pribram. 

In  "Notes  on  Iron  and  Iron-Ores,"  published  by  the  Geological 
Survey  of  Canada  in  1870,  Dr.  T.  Sterry  Hunt  says: 

"A  process  of  partial  reduction,  at  a  low  red-heat,  will  render 
non-magnetic  iron-ores  attractable  by  the  magnet,  a  reaction  of  which 
Chenot  long  since  proposed  to  take  advantage,  for  the  purification 
of  such  iron-ores  as  are  not  naturally  magnetic." 

The  wide  distribution  and  large  deposits  of  brown  hematite  ores 
are  attractive  inducements  for  any  course  of  investigation  which  may 
advance  their  economic  value  by  mechanical  enrichment.  But  Mr. 
Jones  aj)parent]y  undervalues  the  average  yield  of  iron  in  American 
hydrated  hematites;  the  standard  of  34  per  cent;  iron  which  he  gives 
being  evidently  for  ore  mined  in  Eastern  Pennsylvania.  The  brown 
hematites  of  Alabama,  Tennessee,  Texas,  Wisconsin,  and  many  in 
Virginia  and  New  England  will  show  better  results,  and  the  propor- 
tion which  these  and  other  richer  ores  in  Pennsylvania  now  bear  to 
the  total  output  will  bring  the  average  yield  of  American  brown 
hematite  ores  to  40  per  cent,  or  more.  Similarly  his  apparent  stand- 
ard to  which  hydrated  ores  can  be  raised  by  the  use  of  washers  or 
jigs  is  lower  than  good  {practice  warrants.     . 

The  treatment  of  this  magnetized  brown  hematite  is  assumed  to 
include  only  the  cost  of  washed  ore,  cost  of  roasting  and  cost  of  con- 
centration, the  latter  being  given  at  2  cents  per  ton.  But  the  roasted 
ore  except  the  washer  sand  (assuming  it  to  be  thoroughly  magne- 
tized) has  to  be  crushed,  sized  and  handled  before  it  is  ready  for 
magnetic  separation.  Mr.  Jones's  figures  of  cost  for  concentrating 
and  for  royalty  might  with  advantage  be  reversed,  for  one  of  the 
conditions  on  which  any  system  of  concentration  must  depend  for 
success  is  its  operation  on  such  a  liberal  scale  that  the  large  daily 
output  does  not  favor  the  probability  of  collecting  a  royalty  of  25 
cents  per  ton.  Moreover,  the  host  of  existing  patents  for  magnetic 
separators  invite  many  opportunities  for  interference,  by  reason  of 
similarity  of  detail,  or  broad  claims. 

To  calcine  spathic  iron-ore  mixed  with  zinc-blende,  Mr.  C.  Link- 
enbach  states  that  a  calcining  furnace,  39  feet  long  and  13  feet  wide, 
will  treat  per  hour  0.6  ton  of  ore  which  is  finer  than  4  mm.,  re- 
quiring the  labor  of  two  men  and  the  consumption  of  0.11  ton  of 
coal  per  ton  of  ore.* 

*  Journal  of  the  Iron  and  Steel  Institule,  1887,  No.  1,  l'.  341. 
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Recent  Progress  in  Concentration. 

A  prominent  English  metallurgist  has  said  : 

"  Whether  the  magnetic  separation  of  iron  from  the  materials  with 
which  it  is  found  associated  in  nature  is  at  present  an  assured  eco- 
nomic success  or  not,  so  much  has  been  actually  done  in  this  direc- 
tion as  to  justify  the  hope  that  we  shall  see  applied  to  ores  per  -se  just 
as  effectual  treatment  with  a  view  to  getting  rid  of  phosphqrus  and 
other  metalloids  as  we  have  already  seen  applied  to  the  treatment  of 
impure  iron  by  the  basic  process.  We  have  more  than  passed  the 
threshold  of  such  a  devoutly  wished-for  consummation,  and  we  may 
well  feel  hopeful  in  reference  to  the  future." 

Since  the  writer's  presentation  of  the  paper  on  "  The  Concentra- 
tion of  Iron-Ore,"  previously  mentioned,  a  number  of  plants  for 
concentrating  magnetic  iron-ores  have  been  built  and  the  erec- 
tion of  others  has  been  begun.  Four  are  located  in  the  State 
of  New  York.  The  one  at  the  Tilly  Foster  mine  has  been  described 
by  Mr.  McDowell.  Another  is  in  operation  at  the  Croton  mines,  two 
miles  from  the  Tilly  Foster  mine,  where  a  large  vein  of  lean  magnetite 
is  treated  first  by  heating  the  ore,  to  facilitate  crushing,  and  then  by 
passing  it  tiirough  rock-breakers,  rolls  and  screens,  and  feeding  it  to 
Buchanan  separators  and  also  to  a  vertical  belt-machine  designed 
for  the  lessee  of  the  mine.  Another  plant  is  at  Mineville,  N.  Y., 
where  lean  "New  Bed  "  ore  from  the  mines  of  Witherbees,  Sherman 
&  Co.  is  fed  to  crushers,  rolls  and  screens  (wet  fines  being  dried 
sufficiently  to  prevent  clogging  the  screens)  and  passed  over  Wen- 
strom  and  Buchanan  separators.  This  plant,  nov  producing  130 
tons  of  concentrates  daily,  is  so  arranged  that  by  duplicating  the 
machinery,  one-half  of  it  can  be  operated  upon  "Old  Bed"  phos- 
phatic  ore — experiments  having  demonstrated  the  practicability  of 
largely  reducing  the  phosphorus  and  the  possibility  of  converting 
this  into  a  Bessemer  ore.  Another  feature  of  the  mill  is  an  ex()eri- 
mental  floor  for  the  purpose  of  making  practical  tests  of  various 
separators. 

The  fourth  plant  in  New  York,  which  is  rapidly  approaching 
completion,  is  designed  to  work  a  large  deposit  of  lean  magnetite  at 
the  Benson  mines,  Little  River:  the  ore  is  to  be  crushed  and 
dried,  after  which  it  will  be  passed  through  rolls  and  screens,  and 
the  separation  will  be  made  by  the  Monarch  machines,  described  by 
Mr.  Ball. 

A  fifth  plant  will  probably  soon  be  erected  at  a  large  deposit  near 
West  Point,  N.  Y.,  where  the  Edison  machine  will  be  employed. 


PROGRESS    IN    MAGNETIC    CONCENTRATION    OF    IRON-ORE.       667 

In  New  Jersey  an  extensive  concentrating- works  is  practically 
completed,  in  which  the  ore  from  the  Ogden  mine  will  be  treated  by 
passing  it  throngh  crushers,  rolls,  screens  and  Edison  separators. 
A  smaller  jilant  is  being  constructed  for  the  Weldon  mine, 
where  the  separation  will  be  performed  by  a  belt  traversing  a 
magnetic  drum  and  passing  through  a  trough  of  water. 

In  Pennsylvania  a  plant  was  in  operation  near  Bechtelsville, 
Berks  county,  but  the  lean  and  uncertain  character  of  the  de|)osit 
did  not  warrant  the  continuance  of  operations.  This  plant  consisted 
of  crushers,  rolls,  screens  and  Edison  separators;  the  separator  was 
described  in  the  Transactions,  vol.  xvii.,  741. 

In  addition  to  the  concentrating-works  at  Michigamme,  Michi- 
gan, described  by  Mr.  Fowle,  there  has  been  one  in  operation  near 
Humboldt,  Michigan,  in  which  the  Edison  machine  was  used,  but 
the  fine  state  of  subdivision  in  which  tiie  iron  occurs  with  the  gangue 
made  the  operation  both  difficult  and  expensive,  and  produced 
material  which,  uj>  to  the  time  that  the  plant  was  destroyed  by  fire, 
had  been  used  only  for  rolling-mill  fix.  A  plant  is  also  in  operation, 
and  about  being  enlarged,  at  the  Dranb.erry  ore-mines,  in  North 
Carolina,  using  Wenstrora  separators. 

At  the  present  writing  there  are,  in  the  United  States,  nine  Wen- 
strom  machines  employed  in  separating  iron-ore,  and  four  that  are 
used  in  steel-works  upon  the  waste  from  converters,  etc.  Four 
Edison  machines  are  likewise  in  practical  operation,  separating  iron- 
ores,  and  four  Buchanan  machines  are  used  on  iron-ores,  others  being 
employed  in  sorting  other  magnetic  from  non-magnetic  substances. 
Three  Conklfhg  belt-machines  and  two  other  belt-machines  are  in  use, 
or  about  being  constructed,  and  six  Monarch  machines  are  contracted 
for  and  will  be  in  operation  by  the  time  this  paper  is  pub- 
b'shed.  In  addition  to  these  there  are  a  number  of  magnetic  sep- 
arators which  have  not  yet  developed  beyond  models  and  laboratory 
apparatus.  It  will  thus  be  seen  that  the  amount  of  attention  de- 
voted to  the  process  has  resulted  in  j)lacing  it  fairly  beyond  the  ex- 
perimental stage,  and  that  considerable  progress  has  been  made 
toward  practically  demonstrating  the  production  of  concentrates  by 
magnetic  separation.  Up  to  the  present  time,  however,  owing  to 
difficulties  which  have  beset  the  installation  and  operation  of  the 
various  works,  and  in  one  case  owing  to  the  practical  failure  of  a 
supposed  available  ore-supj)ly,  the  whole  quantity  of  concentrated 
iron-ore  has  not  been  sufficient  materially  to  affect  the  market  or 
draw  the  general  attention  of  consumers  to  it.    It  has,  however,  been 
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quite  large  enough  to  show  that  the  objection  urged  against  the  use 
of  concentrated  ore  on  account  of  its  size,  is  not  confirmed  by  actual 
trial;  for  producers  of  concentrated  ore  have  found  no  difficulty  in 
disposing  of  it  in  considerable  quantities  along  with  other  ores,  the 
price  being  practically  unaffected  by  the  comminution  of  the  material. 
Probably  90,000  tons  of  separated  iron-ore  were  marketed  in  the 
year  1890,  the  product  being  nearly  equally  divided  between  mag- 
netic and  wet-jigging  machines.  Inexperienced  prejudice  against 
the  use  of  finely-comminuted  ore  will  have  to  be  overcome; 
and  a  candid  investigation  will  reveal  that  the  fine  physical 
condition  of  the  ore  is  less  of  an  objection  in  a  blast-furnace 
than  most  iron-workers  believe.  The  "  dirt-troubles "  in  blast- 
furnaces often  attributed  to  the  use  of  fine  ore  are  undoubtedly 
more  c?ir^-troubles  than  ^ne-ore  troubles,  and  if  much  of  the  "dirt" 
were  removed  from  the  ores  these  annoyances  could  be  largely  ob- 
viated. Many  blast-furnaces  use,  as  a  permanent  part  of  their 
charge,  ore  that  is  no  larger  or  coarser  than  concentrates.  The  claim 
that  the  fine  ore  will  be  blown  out  of  the  furnace  offers  no  reason 
why  such  should  be  the  case.  The  blast-pressure  is  intended  to  per- 
meate all  parts  of  the  furnace,  but  not  to  cause  a  current  at  the  tun- 
nel-head that  will  be  strong  enough  to  carry  off  grains  of  ore  which 
are  specifically  four  or  five  times  heavier  than  water.  The  descent 
of  the  fine  ore  in  the  blast-furnace  is  to  many  another  source  of 
anxiety,  which  undoubtedly  will  be  relieved  by  the  method  of  charg- 
ing and  operating  the  furnace. 

The  amount  and  character  of  thegangue  of  an  iron-ore  is  of  great 
importance  to  a  blast-furnace  manager,  and  one  of  his  constant  prob- 
lems is  to  flux  off  the  impurities.  But  if  these  can  be  largely 
eliminated,  and,  at  the  same  time,  the  percentage  of  iron  in  the  ore 
be  increased,  there  would  seem  just  reason  for  expecting  that  a  given 
furnace  would  require  less  flux,  less  fuel  and  labor  |)er  ton  of  metal, 
less  expense  in  handling  cinder,  as  well  as  less  anxiety  for  the  man- 
ager^ while  the  increased  product  would  reduce  the  charges  for  interest, 
superintendence,  repairs,  insurance,  etc.,  per  ton  of  iron  made. 

The  statement  in  the  letter  above  quoted  as  to  the  im}»racticability 
of  working  a  mine  profitably  on  lean  concentrating  ore  alone,  coming 
from  authority  which  the  writer  recognizes,  cannot  be  lightly  dis- 
missed ;  yet,  judging  from  what  has  actually  been  accomplished,  it 
seems  possible,  with  the  aid  of  rock-drills  and  high  explosives,  to 
reduce  the  cost  of  working  large  deposits  of  lean  ore  to  such  low 
figures  as  will  in  many  cases  permit  mining  for  the  sole  purpose  of 
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concentrating  tlie  ore.  Tlie  object  of  concentration  at  present,  how- 
ever, is  mainly  to  utilize  the  lean  ore,  which  can  be,  or  in  many  cases 
must  be,  mined  along  with  the  richer  ore.  Oftentimes  the  possibility 
thus  offered  of  securing  without  absolute  loss  larger  gangways  and 
drifts  and  more  room  throughout  the  mine  will  be  a  decided  advan- 
tage. The  instance  cited  in  the  letter,  where  a  38  ])er  cent,  ore 
could  be  carried  to  the  furnace  and  smelted  more  chea])ly  than  it 
could  be  concentrated  and  then  smelted,  points  either  to  close  ad- 
mixture of  gangue  and  magnetite,  imperfect  methods,  or  low  cost 
for  fuel  and  transportation.  There  are  probably  few  cases  where 
such  a  lean  ore  can  be  smelted  to  better  effect  in  its  natural  condi- 
tion than  by  first  enriching  it  by  concentration,  unless  the  ore 
])0ssesses  in  itself  other  valuable  qualities  besides  the  iron.  Ore 
yielding  less  tlian  38  per  cent,  of  iron  is  now  concentrated  at  costs 
which  leave  ample  margins  for  mining  the  crude  material,  if  it 
occurs  under  what  may  be  termed  "average  conditions." 

The  practical  results  obtained  in  concentrating  iron-ores  by  mag- 
netism cannot  be  expected  to  harmonize  closely  with  empirical  tests 
which  are  controlled  by  special  conditions;  for  no  mere  experiment 
of  short  duration  upon  small  lots  of  ore  will  betray  the  varying 
characteristics  which  large  quantities  of  the  ore  may  exhibit.  At- 
mospheric conditions  which  affect  the  operation  more  or  less  from 
day  to  day,  and  the  inevitable  derangements  of  mechanism  which 
arise  in  practice,  also  make  it  impossible  to  obtain  as  satisfactory  re- 
sults from  work  carried  on  in  a  large  way  as  may  be  procured  by 
treating  carefully  sized  samples  over  and  over  on  the  same  machine. 
But  the  value  of  concentration  that  is  already  indicated  by  practice 
should  certainly  not  be  underrated.  Experience  in  treating  or  ob- 
serving the  treatment  of  a  variety  of  ores,  or  of  the  same  ore  by  dif- 
ferent machines,  shows  that  where  phosphorus  as  apatite  is  associated 
with  magnetite,  the  amount  of  phosphorus  in  the  concentrate  can  be 
invariably  reduced  if  the  ore  is  suflficiently  comminuted  to  jiermit  a 
mechanical  separation.  The  finer  the  comminution  of  the  ore  and 
the  thinner  the  layer  of  crushed  material  passing  tlirough  the  mag- 
netic field,  or  the  oftener  it  is  acted  upon  by  magnetic  influences,  the 
greater  will  be  the  reduction  of  phosphorus.  Whether  a  given  non- 
Bessemer  ore  can  or  cannot  be  converted  into  a  Bessemer  concen- 
trate, will  depend  largely  upon  the  size  of  the  crystals  of  magnetite 
and  apatite,  and  the  jmssibility  of  exposing  each  particle  to  unob- 
structed magnetic  influence,  or  a  number  of  the  particles  together  to 
repeated  magnetic  influences.   It  is  not  to  be  expected  that,  ordinarilv, 
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ores  can  be  comminuted  as  cheaply  as  they  can  be  coarsely  crushed. 
One  factor,  therefore,  in  determining  the  practicability  of  converting 
a  non-Bessemer  into  a  Bessemer  ore  will  be  the  expense  of  reducing 
it  to  such  a  size  as  will  permit  a  substantial  elimination  of  the  phos- 
phorus. Another  will  be  the  capacity  of  a  plant  of  given  cost,  or 
the  maximum  rate  at  which  the  ore  can  be  fed  to  the  separating 
machine  without  impairing  effective  work.  In  exceptional  cases  a 
fine  comminution  may  interfere  with  the  ready  sale  of  the  pro- 
duct, and  if  the  material  is  made  into  briquettes,  this,  like  fine 
crushing,  will  add  to  the  cost. 

Experiments  upon  magnetite  containing  sulphur  have  shown  that 
in  some  ores,  where  the  sulphur  occurs  as  pyrites,  more  of  it  can 
be  eliminated  by  magnetic  concentration  than  by  roasting,  but 
where  the  sulphur  occurs  as  pyrrhotite,  some  analyses  have  indicated 
a  higher  percentage  of  sulphur  in  the  concentrate  than  in  the  crude 
ore. 

Little  has  been  done  in  the  treatment  of  titaniferous  ores  of  late 
years,  but  a  decade  ago  considerable  attention  was  paid  to  them,  and, 
as  early  as  1870,  Dr.  T.  Sterry  Hunt  wrote:*  "Where,  however, 
the  impurity  is  chiefly  titaniferous  iron,  as  in  the  Moisie  sands,  the 
sej)aration  may  be  readily  effected  by  means  of  magnet.s,  a  process 
which  is  equally  advantageous  where  magnetic  iron-ore  is  mixed 
with  lighter  impurities,  as  quartz  or  siliceous  minerals."  He  gives 
some  analyses  of  iron-sand  from  the  lower  St.  Lawrence.  The  com- 
position of  the  unwashed  black  sand  from  Moisie,  holding  49.1  per 
cent,  of  magnetic  grains,  is  shown  in  column  A  of  the  subjoined 
table.     That  of  the  material  from  which  the  magnetic  portion  had 


A. 

B. 

C.            i             D. 

70.10 
16.00 
5.92 

58.20 
30.74 
6.14 

85.79         ,           56.38 

4.15         \           28.95 

1.95                     8.75 

.40                     1.10 

.90                         .95 

Insoluble,  chiefly  quartz 

been  removed  is  given  in  column  B.  The  same  sand,  after  being 
washed,  contained  52  per  cent,  of  magnetic  grains,  which,  upon 
analysis,  showed  the  composition  marked  C,  while  the  non-magnetic 

*   Fide  "Notes  on  Iron  and  Iron  Ore.","  prepared  for  the  Geological  Survey  of 
Canada. 
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portion  was  of  the  composition  marked  D.  These  results  indicate 
that  under  some  eiroumstances  the  percentage  of  titanium  can  be 
materially  reduced  by  magnetic  separation. 

Some  inventors  who  have  entered  the  field  with  magnetic  ore- 
separators  have  apparently  based  their  experiments  upon  the  re- 
moval of  iron-wire  from  grain,  nails  from  cotton,  and  iron-filings 
from  brass,  etc.,  ignoring  the  fact  that  in  most  lean  magnetites  the 
difficulty  lies  in  so  breaking  up  the  material  as  to  have  only  mag- 
netic and  non-magnetic  material  to  handle.  However  fine  the  com- 
minution, there  are  few  ores  which  offer  such  a  simple  problem  for 
concentration  ;  were  it  otherwise,  practically  pure  magnetite  and 
barren  tailings  would  result  from  any  mechanical  contrivance  which 
brought  the  material  within  the  sphere  of  magnetic  influences,  and 
permitted  these  to  act  freely  on  each  particle.  In  a  majority  of 
cases,  particles  of  gangue  are  attached  to  grains  of  magnetite,  form- 
ing an  intermediate  product,  and  the  amount  of  this  which  finds  its 
way  either  into  the  concentrate  or  into  tailings,  reduces  the  per- 
centage of  iron  in  the  former  or  augments  the  loss  of  iron  in  the 
latter. 

In  converting  a  phosphatic  ore  into  a  product  within  the  Besse- 
mer limit  it  is  well  to  remember  the  close  approach  to  perfection 
which  the  concentration  must  reach.  If  If  tons  of  ore  analyzing 
40  per  cent,  iron  and  1.2  per  cent,  phosphorus  should  produce,  by 
treatment,  1  ton  of  concentrate  yielding  64  per  cent,  iron  and  .06 
per  cent,  phosphorus,  the  amount  of  phosphorus  to  be  removed  in 
the  operation  would  be  shown  as  follows: 


If  tons  of  crude  ore  contain  . 
1  ton  of  concentrate  contains 

Leaving  in  f  ton  of  tailings, 


Tons  iron. 
.     .7U 
.     .64 

.     .06 


Tons  phosphorus. 
.0210 
.0006 


.0204 


Expressing  the  amount  of  phosphorus  in  pounds,  the  If  tons  of 
crude  ore  contained  47.04  pounds,  and  the  ton  of  concentrate  has 
only  1,34  pounds.  From  this  it  aj)pears  that  a  very  satisfactory 
commercial  result  might  be  obtained  if  91  out  of  every  100  pounds 
of  iron  in  the  assumed  ore  were  recovered  in  the  concentrate,  while 
a  product  of  Bessemer  grade  would  only  be  obtainable  if  97  out  of 
every  100  pounds  of  the  phosphorus  were  removed. 

As  far  as  the  enrichment  of  lean  magnetite  by  crushing,  sizing, 
and  separating  the  magnetic  from  the  non-magnetic  material  is  con- 
cerned, it  may  fairly  be  pronounced  a  commercial  success.     Tlie  cost 
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of  the  process,  as  in  the  case  of  phosphatic  ores,  depends  on  the  de- 
gree of  comminution  to  which  the  ore  must  be  reduced  to  permit  a 
separation.  It  varies  greatly  for  different  ores,  as  explained  in  the 
writer's  earlier  paper ;  but  from  the  data  given  by  Messrs.  McDowell 
and  Fowle  and  after  allowing  for  the  cost  of  handling  and  interest 
on  the  purchase  or  royalty  for  the  use  of  a  concentrating  apparatus, 
there  are  few  places  where  the  expense  of  crushing,  sizing,  and  sep- 
arating one  long  ton  of  crude  ore  should  exceed  50  cents,  and  in 
a  majority  of  cases  it  should  be  less  than  this. 

Assuming,  for  the  purpose  of  illustration,  that  a  ton  of  crude  40 
per  cent,  ore  is  obtained  for  $1.00,  and  allowing  a  loss  of  8  percent, 
of  iron  in  the  tailings,  then  the  production  of  1  ton  of  64  per  cent, 
concentrate  will  require  If  tons  of  the  crude  material,  and  we  have 
for  the  cost.  If  tons  of  ore  at  $1.00  per  ton,  plus  50  cents  per  ton 
for  concentration,  =  $2.63,  or  about  4.1  cents  per  unit  of  iron  in  the 
concentrate. 

If,  however,  the  40  per  cent,  ore  is  raised  only  to  56  per  cent,  and 
at  a  loss  of  14  per  cent,  of  iron  in  the  tailings,  the  requisite  amount  of 
material  will  be  1.615  tons,  costing  $2.42  or  4..3  cents  per  unit. 

The  first  assumption  is  a  closer  approach  to  perfection  than  has 
been  regularly  obtained  at  any  of  the  plants  in  operation,  but  there 
appears  to  be  no  reason  for  doubting  the  practicability  of  such  concen- 
tration on  a  large  scale.  The  second  supposition  represents  some  of  the 
actual  work  detailed  in  the  papers  that  have  been  considered,  from 
which  it  would  aj>pear  that  there  is  an  opportunity  for  dividend 
as  well  as  interest  in  producing  a  concentrate  which  would  find  a 
fair  sale.  Naturally,  any  variation  in  the  value  of  the  material  or 
the  cost  of  concentrating  will  aifect  these  figures,  but  they  are 
presented  as  a  general  sugget^tive  statement  from  which  those  who 
are  interested  can  calculate  more  closely  the  jwssibility  of  profitable 
concentration  in  any  particular  locality.  While  dissenting  from  the 
broad  statement  contained  in  the  letter  at  the  beginning  of  this  paper, 
that  deposits  of  lean  nuignetite  cannot  be  profitably  exploited  for 
concentration  only,  a  hearty  endorsement  is  given  to  the  further 
as.sertion  that  "  the  fatal  element  seems  to  be  the  actual  loss  of  iron 
in  the  tailings." 

The  following  formula,  obtained  from  Mr.  II.  Helms,  of  Port 
Henry,  New  York,  has  been  found  useful  by  the  author  in  deter- 
mining the  amount  of  crude  ore  of  a  known  iron-contents  which  is 
required  to  produce  concentrates  of  various  degrees,  the  iron  in  the 
tailings  being  also  known.     The  jyercentagc  of  iron  in  concentrates 
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minus  the  percentage  of  iron  in  tailings,  irlicn  divided  by  the  per- 
centage of  iron  in  crude  ore  minus  the  percentage  of  iron  in  tailings, 
gives  as  quotient  the  tons  of  crude  ore  necessary  to  produce  one  ton  of 
concentrate ;  thus : 

7s— -," ,w^-\   =  Tons  of  crude  ore  to  produce  1  ton  of  lieads. 

Crude  —  lails 

This  formula  can  be  conveniently  applied  to  test  the  figures  of  the 
several  papers  that  have  been  discussed,  as  well  as  to  verify  the  state- 
ments of  this  paper.  It  has  been  used  by  the  author  to  estimate 
the  approximate  losses  of  iron  in  the  tailings.  In  the  ab- 
sence of  knowledge  concerning  loss  in  dust  and  slimes,  and  the 
actual  weights  of  the  crude  ore,  concentrates,  and  tailings,  these  cal- 
culations cannot  be  expected  to  agree  absolutely,  but  the  figures  are 
sufficiently  close  to  show  the  comparative  loss  under  difl'erent 
conditions. 

The  figures  of  this  paper  are  intended  to  place  the  subject  of  con- 
centrating iron-ores  by  the  use  of  magnetic  separators  in  such  a  light 
as  to  permit  a  general  application  of  its  possibilities  to  individual 
mines.  Each  mine  and  each  ore  is  practically  a  problem  of  itself, 
requiring  study  as  to  the  best  means  of  utilizing  the  lean  material, 
and  lil)eral  discussion  should  be  encouraged.  At  the  same  time  the 
question  should  be  approached  with  candor,  unhampered  with  the 
traditions  of  practice,  at  a  time  when  with  less  })erfect  mechanism 
and  less  knowledge  of  the  action  of  magnetic-force,  with  fewer  trans- 
portation facilities  and  inferior  mine-working  appliances,  success 
was  not  possible  where  it  now  may  be  assured. 

In  conclusion,  the  following  excerpt  is  made  from  an  editorial 
which  appeared  in  the  Iro7i  Age,  entitled  "  Magnetic  Ore  Separa- 
tion." There  is  undoubtedly  much  that  is  true  about  the  fascina- 
tion of  the  process  and  the  tendency  to  underrate  its  difficulties.  But 
there  is  just  as  undoubtedly  a  large  field  in  this  country  for  mag- 
netic iron-ore  concentration.  Like  every  other  industrial  field  it 
must  be  worked  intelligently,  or  satisfactory  results  cannot  be  ex- 
pected. 

"  To  meet  a  real  want  in  some  parts  of  tlie  country  there  lias  been  a  rush  of  in- 
ventors into  the  field  of  magnetic  ore-se[)aranon There  lias  been  a  tendency 

to  overrate  the  future  of  magnetic  ore-sejniration  and  to  underrate  its  difficuhies. 
....  There  is  something  very  fascinating  in  the  production  from  lean  ore  of  a 
concentrate  in  which  only  very  few  particles  of  foreign  matter  can  be  detected.  No 
one  who  has  approached  the  subject  has  escaped  the  glowing  enthusiasm  and  the 
VOL.  XIX. — 43 
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air  of  triumph  of  an  inventor  over  snch  an  achievement,  particularly  if  it  is  coupled 
with  a  reduction  in  the  phosphorus.  Yet  there  are  very  few  of  tlie  promoters  of 
such  work  wlio  have  an  adequate  conception  of  the  costs  and  of  the  losses  Involved. 
Tliey  generally  begin  by  assuming  that  their  raw  material,  the  lean  ore,  costs  tiiem 
nothing.  It  is  true  that  in  some  instances  there  are  accumulations  of  it  on  the 
dump  piles.  Still  it  costs  money  to  pick  it  up  and  convey  it  to  the  concentrating 
mill.     Then  the  ore  must  be  crushed  and  screened,  the  mesh  depending  upon  the 

character  of  the  ore To  all  the  cost  of  the  preliminary  operations  previous 

to  the  magnetic  separation  proper  must  be  added  a  heavy  percentage  to  allow  for 
loss.  For  anything  like  a  close-grained  ore  this  loss  is  not  less  than  15  per  cent, 
and  may  rise  to  20  per  cent. 

"We  have  not  seen  thus  far  a  single  statement  of  cost  in  print  which  would  be 
considered  business-like  by  a  manufacturer.  Such  a  statement  should  include  the 
cost  of  mining  or  delivering  at  the  mill  enough  raw  material  to  produce  one  ton 
of  concentrates,  the  cost  of  drying  and  crushing,  of  concentrating  proper,  and  the 
cost  of  royalties,  repairs,  interest  and  general  expenses. 

"Our  conviction,  from  what  we  have  learned  thus  far,  is  that  the  total  will  prove 
an  uncomfortable  sum  to  enthusiasts.  We  do  not  mean  to  convey  the  impression 
that  magnetic  concentration  has  not  a  brilliant  field  before  it ;  but,  generally  speak- 
ing, hopes  have  been  raised  on  the  basis  of  underestimates  of  costs,  which  are  sure 
to  lead  to  disappointment." 


THE  GENESIS  OF  IBE  EDGAB  THOMSON  BLAST- 
FURNACES. 

BY   -WILLIAM  P.    SHINN,  PITTSBURGH,  PA. 

(New  York  Meeting,  September,  1890.*)  ' 

Mr.  Gayley's  admirable  paper  on  the  "Development  of  Ameri- 
can Blast- Furnaces"  has  set  forth  very  fully  the  history  of  the 
development  of  the  Edgar  Thomson  furnaces  since  the  construction 
of  Furnaces  A  and  B  ;  but  it  throws  no  light  on  the  genesis  of  these 
furnaces.  That  earlier  history  it  is  the  purpose  of  the  present  paper 
to  record. 

Mr.  Gayley  truly  says:  "A  new  era  in  the  manufacture  of  pig- 
iron  l)Ogan  in  1880  with  the  i>utting  in  blast  of  the  Edgar  Thomson 
furnaces."     That  era  had   its  beginning  with   the  construction  of 


*  Read  by  title  at  the  meeting,  but  not  published  until  after  the  New  York  meet- 
ing of  the  Iron  and  Steel  Institute  in  October,  when  Mr.  CJayley's  paper  was  pre- 
sented. 
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Furnace  B,  which  was  not  in  any  sense  an  accident,  but  the  result 
of  most  careful  design,  based  uj)on  truly  scientific  deductions  from 
known  i'acts. 

In  September,  1878,  when  the  construction  of  Furnaces  A  and  B 
was  decided  upon,  the  writer  was  General  Manager  of  the  Edgar 
Thomson  Steel  Co.  (Limited),  and  the  preparations  for  their  con- 
struction were  in  his  charge.  For  some  two  years  I  had  been  very 
desirous  of  having  the  company  (in  which  I  had  a  large  interest) 
erect  its  own  furnaces,  and  I  had  been  gathering  information  bear- 
ing upon  the  subject. 

I  had  visited  many  furnaces,  and  invariably  was  told  by  the 
manager,  in  starting  on  our  inspection  of  the  plant,  that  "we  are 
a  little  short  of  steam  this  morning"  (item — have  plenty  of  boilers); 
or,  "we  are  sliort  of  blast  to-day"  (item — have  greater  blowing- 
capacity);  or,  "we  have  been  a  little  short  of  hot-blast  to-day" 
(item — have  a  better  supply  of  stoves);  or,  "we  are  very  short  of 
gas  for  our  boilers"  (item — have  a  ready  means  of  firing  in  addition 
to  furnace-gas),  until  I  had  become  convinced  that  a  great  improve- 
ment could  be  effected  by  suj)plying  these  "items"  and  preventing 
these  chronic  shortages.  Again,  I  had  noticed  that  when  the  blow- 
ing-engine and  hot-blast  stoves  of  two  furnaces  had  been  concen- 
trated uj)on  one  stack,  as  had  been  done  in  the  Shoenberger  furnaces 
in  Pittsburgh  in  1877,  a  great  increase  in  output  was  the  result.  In 
the  year  1877  Furnace  No.  1  was  out  for  repairs,  and  the  whole 
blowing  and  blast-heating  capacity  was  used  upon  No.  2,  with  the 
result  of  increasing  its  output  from  1042  tons  per  month  to  1521 
tons.  Thus  the  discovery  that  increased  blast  would  raise  the  out- 
juit  was  not  original  with  Mr.  Julian  Kennedy,  although  he  made 
very  good  use  of  it,  as  described  by  Mr.  Gayley. 

While  the  plans  were  under  consideration,  and  before  any  of  the 
details  had  been  deternn'ned  upon,  I  was  asked  by  two  of  the  part- 
ners, both  interested  in  the  Lucy  furnace,  what  action  I  was  taking 
in  regard  to  the  work.  I  replied  tliat  there  were  two  important 
questions  to  be  decided  before  j)lans  could  be  prepared — whether  we 
siiould  have  compound  engines,  and  whether  we  should  have  inon 
or  fire-brick  stoves;  and  if  fire-brick,  of  which  type.  The  answer 
was:  "  We  want  no  compound  engines  or  fire-brick  stoves.  Build 
a  furnace  that  will  make  100  tons  of  Bessemer  iron  per  day;  the 
Lucy  furnace  does  it,  and  you  cannot  do  better  than  to  follow  the 
Lucy" — /.('.,  copy  the  design  and  details.  I  argued  to  the  contrary, 
alleging  that  possibly  as  much  improvement  over  the  Lucy  furnace 
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might  be  made  as  was  made  over  the  Struthers  furnace  when  the 
Lucy  was  huilt.  My  view  prevailed, and  I  was  authorized  to  "send 
out  a  commission  "  to  investigate  and  report.  That  commission  con- 
sisted of  INIr.  James  Hempliill,  of  Pittsburgh,  the  eminent  mechani- 
cal engineer,  member  of  the  firm  of  Mackintosh,  Hemphill  &  Co,; 
Mr.  H.  M.  Curry,  then  manager  of  the  Lucy  furnace,  and  the  writer. 
The  commission  visited  every  furnace-plant  but  one  in  the  United 
States  having  fire-brick  stoves,  and  returned  to  make  a  unanimous  re- 
port in  favor  of  the  adoption  of  the  Siemens-Cowper  fire-brick  stove. 
That  report  led  to  (he  revolution  in  blast-furnace  construction  and 
practice,  which  began  in  1880,  as  stated  by  Mr.  Gay  ley.  The  report 
■was  unanimously  adopted  by  the  Board  of  Directors.  As  Taws  & 
Hartman,  of  Philadelphia,  were  the  sole  agents  for  the  Siemens- 
Cowper  stoves  in  the  United   States,  they  were  employed  as  the 


Fig.  1. 


engineers,  and  were  directed  to  prepare  the  plans;  and  to  Mr.  John 
M.  Hartman,  no  less  than  to  the  writer,  should  be  ascribed  whatever 
credit  may  be  due  for  the  erection  of  Furnace  B. 

Another  point  had  caught  my  attention  in  observing  the  results 
of  working  furnaces,  namely,  that  when  they  were  blown  out  for 
relining,  the  angle  at  the  top  of  the  "well"  had  always  been  cut 
away  from  the  original  form  shown  by  the  full  lines,  Fig.  1,  to  the 
form  shown  by  the  dotted  lines;  and  there  were  reasons  for  believ- 
ing that  this  cutting  away  took  place  during  the  first  three  months 
of  the  blast.  Hence  I  was  led  to  query,  why  put  in  so  many  fire- 
brick wlure  they  will  simply  be  nieltcd  away,  at  an  expense  for 
both  brick  and  fuel  ? 

Of  Furnace  A  not  much  more  need  be  said  than  has  been  men- 
tioned  by  Mr.  G:iyley.     Originally  a  furnace  with  an  11-  or  12-foot 
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bosh,  it  was  hoijolit  to  save  a  debt,  and  when  erected  as  Furnace  A 
it  was  made  as  h\rge  as  the  mantel  would  permit.  The  lines  shown 
in  Mr.  Gayley's  Fij;.  2  approached  very  ne;irly  to  my  concei)tion  of 
what  a  furnace  should  be.  With  an  extreme  diameter  of  13  feet  at 
the  bosh,  tiie  hearth  was  8  feet  G  inches  in  diameter,  or  almost  66  per 
cent,  of  the  bosh  diameter.  This  small  furnace  of  only  13  feet 
bosh  produced  in  its  third  month,  according  to  Mr.  Gayley,  671 
tons  of  output  in  a  week,  or  an  amount  nearly  equal  to  the  best  out- 
put of  the  Lucy  furnace  with  20  feet  bosh  ;  thus  were  the  large 
hearth,  and  straight  inwalls  fully  justified.  My  intention  was  to  have 
made  the  hearth  of  Furnace  B  12  feet  in  diameter,  and  the  side-line 
straight  from  the  bosh  to  the  bottom,  forming  of  the  lower  section  a 
true  frustum  of  a  cone;  but  in  some  of  these  details  my  advice  was  not 
followed,  particularly  after  I  left  the  company  on  October  1,  1879. 

In  the  matter  of  the  blowing  capacity,  the  highest  volume  of  air 
blown  into  the  Lucy  furnace  had  been  15,5U0  cubic  feet  per  minute. 
The  engines  for  Furnace  B  had  been  designed  for  blowing  18,500 
feet  per  minute,  and  the  stoves  contained  92,000  square  feet  of  heat- 
ing-surface. It  is  stated  by  INIr.  Hartman,  in  his  discussion  of  Mr. 
Kennedy's  paper  on  "  Hot-Blast  Stoves  at  the  Edgar  Thomson  Fur- 
naces,"* that  Mr.  Kennedy  increased  the  volume  of  air  blown  into 
Furnace  B  to  28,000  cubic  feet  per  minute,  and  the  stoves  heated 
that  enormous  volume  to  1050°  Fah.,  which  shows  that  the  allow- 
ance of  power  and  capacity  for  heating  was  very  liberal,  even  ibr  the 
large  volume  of  air  provided  for. 

The  best  work  of  the  Lucy  furnace  on  a  mixture  yielding  65.3 
per  cent,  iron  had  been  107  tons  of  pig  in  twenty-four  hours,  while 
Furnace  B,  working  on  a  mixture  yielding  only  55  per  cent,  iron 
made  on  the  first  run: 

18«0.  Tons.  Average  tons 

per  day. 

May, 3718  120 

June, 4318  144 

July, 434-5  140 

August, 4(301  148 

September, 4221  140 

October, 4722  152 

Here  was  an  increase  in  average  output  over  the  Lucy's  best  work 
of  over  30  per  cent.,  and  that  on  a  mixture  of  ore  yielding  one-sixth 

*  Transactions,  vol.  x.,  495. 
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less  iron.  Truly  this  indicated  a  "new  era  in  the  manufacture  of 
pig-iron,"  and  pointed  the  way  which  has  been  so  skilfully  followed 
by  Mr.  Kennedy  and  Mr.  Gayley,  until  the  output  lias  been  increased 
to  the  enormous  amount  of  330  tons  per  day.  Mr.  Gayley  truly  says, 
referring  to  b  urnace  B  :  "  But  while  the  hearths  of  various  furnaces 
had  been  enlarged  after  they  were  in  blast,  yet  no  American  furnace 
up  to  that  time  had  been  constructed*  with  so  large  a  hearth  as  this 
one  of  the  Edgar  Thomson  works.  In  another  respect  this  furnace 
was  well  prepared  by  its  designers  for  a  high  productive  capacity, 
viz.,  in  its  equipment.  Fire-brick  stoves  of  the  most  approved  type 
were  erected.*  Substantially-built  blowing-engines  were  provided, 
and  they  were  rendered  efficient  by  an  ample  supply  of  boilers — a 
point  in  which  other  furnaces  were  then  sadly  lacking  *  At  the  same 
time  all  the  flues  and  mains  were  constructed  sufficiently  large,  and 
in  the  most  substantial  way.  In  fact,  no  furnace  previously  erected 
had  been  planned  on  such  a  liberal  basis;  consequently,  large  yields 
were  to  be  expected." 

I  have  shown  that  these  "liberal  preparations"  for  a  "large 
yield"  were  not  accidental  or  fortuitous.  They  were  the  result  of 
design,  earnestly  insisted  upon  by  the  writer  of  this  paper,  endorsed 
by  the  committee,  Messrs.  Hemphill,  Curry  and  Shinn,  and  most 
ably  executed  by  Mr.  Hartman. 

"  Honor  to  whom  honor  is  due." 
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BY  JAMES   DOUGLAS,    NEW  YORK    CITY. 

(Read  Provisionally  at  the  New  York  Meetin?,  September,  1890,  and  Completed  with  the 
Statistics  for  the  Cnrrent  Year.) 

TiiE  development  of  the  copper-resources  of  this  country  has  kept 
close  pace  witli  the  unf)ldingof  its  geogra})hical  area  to  commerce. 
In  colonial  days,  when  our  P^iiglish  ancestors  occupied  only  the  Atlan- 
tic seabo:ird,  insignificant  quantities  of  copper  were  mined  in  Con- 
necticut, New  Jersey,  and  Pennsylvania,  and  the  ore  was  ship|)ed 
for  treatmjut  to    E  iglaiid.     The   first    steani    puniping-equipment 

*  Italicized  by  tlie  present  writor. 
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erected  in  this  country  was  probably  tliat  used  by  Josiab  Hornblower, 
in  the  year  1753,  at  the  oopper-miues  at  JJeileville,  New  Jersey, 
abnost  within  siglit  of  this  city. 

That  copper  in  the  native  state  existed  on  Lake  Superior  was  men- 
tioned in  the  Relations  dcs  Jesuites  as  early  as  1659  or  1660.  Tlie 
Rev.  Claude  Allouez  described  a  stray  mass  in  1666.  But  it  was 
not  until  1771,  a  little  more  than  a  century  later,  when  this  region 
had  passed  from  the  dominion  of  France  to  that  of  Great  Britain, 
that  Alexander  Henry  organized  a  company  in  England,  with  the 
Duke  of  Gloucester,  Charles  Townshend,.  and  other  notables  as 
incorporators,  to  mine  copj>er  on  the  Ontonagon  river,  the  region 
whence  came  the  stray  blocks  which  had  grown  so  famous  by  repeated 
mention  in  the  Relations  and  by  the  reports  of  various  travellers. 
Failing,  in  1771,  to  find  the  copper  in  place,  Henry  renewed  opera- 
tions in  the  following  year  on  Michipicoten  Island,  on  the  north 
shore,  but  only  to  score  another  failure.  What  little  copper-ore  he 
raised  was  shipped  to  England,  where  ship  and  cargo  were  seized  and 
sold  for  the  company's  debts.  Mr.  Townshend's  losses  in  his  I^ake 
Superior  venture  may  have  embittered  his  feelings  toward  America, 
and  perchance  have  been  one  of  the  indirect  causes  of  the  unreason- 
able financial  policy  towards  the  Colonies,  which  precipitated  the 
Revolutionary  War,  and  for  which  he,  as  President  of  the  Board  of 
Trade  and  subsequently  as  Chancellor  of  the  Exchequer,  was  re- 
sponsible. 

Then  stagnation  followed  for  three-quarters  of  a  century.  Even 
if  no  other  cause  had  interfered,  the  unsettled  ownership  of  the  Lake 
region  must  have  retarded  mining  until  the  date  at  which  it  actually 
commenced,  in  1844.  For  it  was  not  until  1796  that  Michigan  was 
ceded  by  Great  Britain  to  the  United  States;  not  till  1837  that 
Michigan  was  admitted  to  statehood,  and  not  until  1842  that  the 
Indian  titles  to  the  lands  were  extinguished.  Meanwhile  steamers 
had  replaced  canoes  on  the  Lake,  and  in  1841  Dr.  Houghton  had 
given  to  the  world  the  first  authentic  and  scientific  account  of  the 
geological  structure  of  the  Keweenaw  series  of  nxjks  and  of  the  mode 
of  occurrence  of  their  native  copper.  In  1844  the  Cliff  mine  was 
opened,  and  in  1845  Lake  copper  appears  as  an  item  in  the  world's 
production.  That  in  those  days  our  copper  enter[)rises  were  in  an 
infantile  condition,  is  shown  by  the  fact  that  although  in  1850  the 
Lake  produced  only  570  tons,  yet  that  small  quantity  was  over  88  per 
cent,  of  the  total  production  of  this  country.  Leplay,  Secretary  of  the 
Commission  of  Mining  Statistics  in  France,  estimates  the  world's  pro- 
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diiction  at  that  date  at  52,400  tons,  and  assigns  to  this  country  a 
consumption  of  6100  tons,  which  was  supph'ed  by  about  5500  tons 
of  imported  and  600  tons  of  domestic  coj)per.*  After  1850,  and 
until  the  yield  of  the  Calumet  and  Hecla  mine  began  to  be  felt,  in 
1867,  the  relative  production  of  the  Lake  region  fell  off,  owing  to 
the  appearance  successively  of  Vermont,  the  Southern  States,  and 
California  in  the  list  of  producers.  Vermont  copper  came  almost  en- 
tirely from  the  Ely  mine,  in  the  Vershire  district.  This  mine  was 
discovered  in  1820,  but  began  to  be  worked  only  in  1850,  and  thence- 
forward yielded  from  year  to  year  an  increasing  quantity,  till  1880, 
when  its  output  amounted  to  3,186,175  pounds.  It  was  closed  in 
1882,  but  is  now  being  re-opened.  By  far  the  largest  producer  in  the 
Southern  States  during  this  period  was  the  Ducktown  group  of 
mines,  in  Tennessee,  discovered  about  1846,  Systematic  work  was 
begun  in  1850,  and  before  1854,  when  smelting- works  were  erected  at 
the  mines,  over  14,000  tons  of  very  rich  oxides  and  sulphurets  had 
been  shipped.  The  experience  gained  there  was  used  in  discovering 
and  working  similar  ore-masses  in  North  Carolina,  Virginia,  Geor- 
gia, and  Alabama,  most  of  which  yielded  at  this  period  no  more 
than  trifliug  quantities,  but  sufficient  in  the  aggregate  to  swell  the 
total,  Avhich  nevertheless  remained  insignificant.  California,  dur- 
ing this  period,  shipped  more  copper  than  she  has  shipped  since. 
Her  export  of  ore  in  1864  reached  14,315  tons,  chiefly  from  the 
Union  and  Campo  Seco  mines  of  Calaveras  county,  which  were  opened 
on  lenticular  masses  of  sulphuretted  ore,  imbed<led  in  talcose  slates. 
The  Union  mine  was  closed  in  1866,  but  was  re-opened  three  years 
ago.  Thus  it  came  about  that  the  percentage  coming  from  the  Lake 
region  declined  from  96  per  cent,  in  1849  to  68.08  per  cent,  in 
1866.  But  in  1867  Calumetand  Hecla  appeared  with  a  shipment  of 
603  tons,  followed  in  1868  by  2276  tons,  and  year  after  year  by  an 
ever-increasing  contril)ution,  thus  keeping  up  the  Lake  percentage  to 
between  80  and  90  per  cent,  of  the  total.  This  continued  until  1881, 
when  a  sudden  fall  of  the  relative  Luke  Superior  production  from 
82  per  cent,  to  76.01  per  cent,  marked  the  advent  of  her  western 
rivals. 

Up  to  that  date  the  line  of  the  Union  and  Central  Pacific  rail- 
roads had  offered  the  only  through  and  direct  route  across  the  conti- 
nent, and  it  happened  that  along  that  route  no  large  copper-deposits 
existed.   But  simultaneously,  in  1881,  the  Union  Pacific  road  reached 

*  Foster  and  Whitney  Eeport,  Part  I.,  Copper  Lands,  p,  157. 
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the  neighborhood  of  Butte,  Montana,  by  its  Utah  and  Northern 
branch,  and  the  Southern  Pacific  road  completed  tlie  hiving  of  its 
track  through  Arizona  and  New  Mexico.  Previous  to  this,  tlie  Long- 
fellow mine  at  Clifton,  Arizona,  had  been  worked,  and  its  copper 
bullion  carted  700  miles  to  the  nearest  railroad-terminus  in  Kansas. 
The  richer  argentiferous  copper-ores  of  Butte,  Montana,  had  also 
been  haided  a  distance  of  more  than  400  miles  to  Corinne,  on  the 
Central  Pacific  railroad.  But  mining  operations  were  necessarily 
restricted  in  each  district  to  exceptionally  rich  ores,  until  the  ar- 
rival of  the  railroad  introduced  mineral- fuel.  Arizona  and  Mon- 
tana immediately  responded  to  the  stimulus  of  cheap  transportation, 
and  miniuir  and  smelting:  on  an  extensive  scale  commenced  in  the 
extreme  south  and  the  extreme  north  of  our  wide  western  domain. 
The  next  event  which  marked  a  stride  in  our  progress  toward  pre- 
eminence in  the  copper  world,  occurred  in  1883.  It  was  the  dis- 
covery of  large  bodies  of  copper-ore  in  the  Anaconda  mine,  the 
central  and  culminating  point  of  the  immense  Butte  lode.  With 
a  bound  this  great  mine  sprang  to  second  place  in  the  rank  of  pro- 
duction, and  within  five  years  overtook  and  passed  its  great  com- 
petitor, the  Calumet  and  Hecla.  Since  then  the  growth  of  produc- 
tion in  both  the  Lake  region  and  the  \yest  has  shown  no  abatement, 
but  the  relative  increase  has  been  in  favor  of  Butte  and  against  the 
Lake. 

In  1881,  therefore,  these  three  sources  of  supply — namely,  the 
native  copper-deposits  of  the  Lake  region,  the  oxidized  ores  of 
southern  Arizona,  and  the  sulphuretted  ores  of  Montana — constituted 
our  chief  resource,  and  they  remain  so  to-day.  In  1889  our  total 
production  was  divided  as  follows: 

Per  cent. 

The  Lake  region, 35.81 

IMontana, 43.07 

Arizona, 13.34 

All  other  native  ores, 5.69 

Imported  ores, 2.09 

Total, 100.00 

Lake  Superior. 

In  reviewing  Lake  Superior  mining  we  find  that  three  groups  of 
mining  companies  have  been  srtccessively  formed,  and  that  each 
group  began  operations  on  a  form  of  deposit,  there  being  three 
forms  in  which  copper  occurs  in  the  rocks  of  the  Keweenaw  series. 
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The  first  group  of  companies  worked  veins  in  search  of  mass-copper; 
the  second  group  worked  the  ash-bed  of  Keweenaw  county  and  its 
equivalents,  and  other  amygdaloid-beds  in  the  Portage  district;  and 
the  third  group  of  companies  worked  the  conglomerate-beds. 

Mass  Mines. — The  only  mine  of  the  first  group  now  produc- 
ing any  considerable  quantity  of  copper  is  the  Central.  The  Cliff, 
w^hich  was  the  first  mine  systematically  worked  on  the  Lake, 
having  begun  to  produce  copi)er  in  1844,  has  yielded  very  little 
within  the  past  decade.  The  same  is  true  of  the  still  more  famous 
Minnesota,  opened  in  1848  in  Ontonagon  county  on  an  interbedded 
vein  ;  of  the  Phoenix,  opened  in  1844  ;  the  Northwestern  and  Copper 
Falls  in  1845;  the  Northwest  in  1847;  the  Ridge  in  1850;  the 
National  and  Evergreen  Bluff  iu  1853 ;  the  Mass  iu  1856,  and  of  a 
host  of  small  mines  which  never  added  much  to  the  copper  supply, 
but  did  add  largely  to  the  assessment- roll.  All  these  companies 
commenced  operations  in  search  of  mass-copper  either  on  the  trans- 
verse veins  of  Keweenaw  county  toward  the  point  of  the  promon- 
tory, or  on  the  interbedded  veins  of  the  Ontonagon  country  toward 
the  base  of  the  promontory.  The  Copper  Falls  Company,  failing  in 
its  quest,  turned  its  attention  to  one  of  the  amygdaloidal  beds  through 
which  the  vein  cut,  and  which  at  the  point  of  intersection  seemed 
to  enrich  it.  Thus,  though  the  Copper  Falls  Company  remains 
to-day  a  small  producer,  the  Central  is  the  only  one  of  the  original 
group  of  mass-mining  companies  which  still  actively  works  a  vein. 
The  other  mass-mines  yield  but  a  trifle,  and  this  is  recovered  by 
tributers.  The  experience  of  other  mass-mines  has  been  confirmed 
by  the  Central,  namely,  that  the  masses  grow  fewer  as  depth  is 
attained,  and  that  they  are  distributed  in  the  veins  in  no  regular  or 
assignable  order.  The  Central  may  not  have  produced  as  many 
large  masses  as  the  Cliff  and  the  Minnesota,  but  it  yielded  at  least 
one  even  larger  than  the  famous  500-ton  mass  of  the  latter  mine. 
It  consisted  of  a  nucleus  from  which  600  tons  of  copper  were  cut, 
and  a  number  of  subordinate  masses  that  were  connected  with  the  cen- 
tral mass  by  distinct  filaments.  The  total  amount  of  copper  yielded  by 
this  series  of  related  masses  was  about  1200  tons.  Even  in  its  most 
prosperous  days  the  product  of  the  Central  was  about  evenly  divided 
between  mass-  and  stamp-copper.  The  vein  varies  in  width  from  a 
mere  seam  to  25  feet,  and  the  productive  chute  of  ore  below  the 
900-foot  level  does  not  average  more  than  300  feet  in  length.  The 
possibilities  for  a  large  production  do  not,  therefore,  exist,  if  opera- 
tions are  confined  to  this  vein  alone;  but  exploration  for  other  veins 
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is  being  vigorously  pushed.  The  mine  lias  reached  the  tliirty-first 
level — a  vertical  dei)th  of  2900  feet.  Above  the  thirtieth  level 
(2800  feet  deep)  the  vein  was  shattered  in  passing  through  a  bed  of 
amygdaloid,  and  on  that  level  was  completely  obliterated  by  an 
underlying  bed  of  conglomerate.  Fears  were  entertained  that  the 
bottom  of  the  mine  had  been  reached,  but  recently  the  vein  has 
been  cut  in  sinking  the  shaft  below  the  2800-foot  level.  It  was 
thrown  220  feet  to  the  west.  Where  rediscovered  it  is  of  average 
size  and  productiveness.  The  mine  has  yielded  over  20,000,000 
pounds  of  copper,  and  has  proved  so  profitable  from  the  start  that 
even  the  first  year's  expenditure  was  rejmid  by  the  first  year's  re- 
turns. Though  the  vein  has  generally  been  narrow  and  the  yield 
on  the  average  only  1.9  per  cent.,  the  management  has  been  so  ex- 
cellent, and  the  cost  of  extraction  so  low,  that  dividends  amounting 
to  $2,000,000  have  been  paid  on  a  capital  of  $100,000. 

Amygdaloid  Mines. — The  second  group  of  com])anies  was  formed 
to  work  the  ash-beds  of  amygdaloidal  diabase,  which,  though  trace- 
able throughout  the  whole  length  of  the  Keweenaw  series  of  rocks, 
appear  to  be  richer  in  copper  on  the  shores  of  I^ortage  Lake  than 
elsewhere.  As  already  remarked,  the  Copper  Falls  (a  mass  com- 
pany) diverted  its  attention  early  in  1851  to  the  working  of  an  ash- 
bed.  Although  the  extravagant  hopes  which  were  based  upon  ex- 
cessive estimates  of  the  yield  of  the  ash-bed  were  not  realized,  this 
company's  endeavor  stimulated  speculation  and  honest  work  on  the 
amygdaloid-beds  of  Keweenaw  county  and  of  Portage  Lake  district. 
Many  companies  were  speedily  organized  for  the  purpose  of  develop- 
ing these  properties.  Contrary  to  the  fate  of  the  mass  companies, 
most  of  them  have  maintained  a  more  or  less  vigorous  existence  to 
this  day.  Of  the  companies  which  appear  in  the  list  of  producers 
within  the  past  decade,  the  following  belong  to  the  second  group 
and  date  back  their  beginning  to  the  second  period  of  Lake  mining, 
between  the  years  1850  and  1865  : 

The  Isle  Royal  Company  commenced  work  in  1852. 

The  Grand  Portage  Company  commenced  work  in  1853. 

The  Sheldon  and  Columl)ian  Company  commenced  work  in  1853. 

The  Pewabic  Company  commenced  work  in  1853. 

The  Huron  Company  commenced  work  in  1855. 

The  Quincy  Company,  though  organized  in  1848,  commenced 
active  work  only  in  1856. 

The  Franklin  Company  commenced  work  in  1857. 

The  Albany  and  Boston  Company  commenced  work  in  1860. 
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The  South  Pewabic  Company  (now  the  Atlantic)  commenced  work 
in  1865. 

The  Kearsarge  and  Wolverine  are  the  only  mines  recently  opened 
on  an  amygdaloid-bed  in  tiie  Portage  district.  The  former  made 
its  first  return  of  8"29,125  pounds  of  copper  from  a  rock  yielding 
1.02  percent,  in  1888. 

Of  this  group  of  mines  by  far  the  most  remunerative  has  been 
the  Quincy,  but  the  one  which  exhibits'  the  most  extraordinary 
minimum  cost  of  production  is  the  Atlantic.  These  mines  are 
situated  on  opposite  sides  of  Portage  Lake.  The  Quincy  crowns  the 
summit  of  a  hill  which  rises  boldly  from  the  lake  at  the  point  where 
the  town  of  Hancock  seems  with  difficulty  to  be  climbing  up  its  steep 
slope.  The  Atlantic  is  on  the  southern  shore  of  the  lake,  to  the  south- 
west of  the  Quincy  and  on  a  more  westerly  bed.  Both  mines  are 
in  rock  classed  as  amygdaloid,  but  the  Quincy  amygdaloid  differs 
from  the  Atlantic  in  appearance,  and  in  the  fact  that  it  carries  40 
per  cent,  of  its  copper  in  masses  and  what  is  known  as  "  barrel- 
work  " — that  is,  metal  in  blocks  so  coarse  that  the  earthy  matter  can 
be  separated  under  the  hammer  without  dressing.  It  can  there- 
fore be  hand-sorted.  Nearly  all  the  Atlantic  rock  passes  without 
selection  through  the  stamp-mill,  and  the  product  is  almost  exclu- 
sively "stamp-work."  The  Quincy  bed,  as  might  be  anticipated 
from  tiie  mode  of  occurrence  of  its  copper-contents,  is  more  variable 
in  size  and  yield  than  the  Atlantic,  which  thougii  much  poorer,  is 
remarkably  uniform  in  its  percentage.  Quincy  rock,  as  delivered  to 
the  mill^  yields  on  an  average  about  2  per  cent,  of  metallic  copper; 
the  Atlantic  only  0.75  per  cent.,  which  this  year  fell  to  0.60  per 
cent.  Both  mines  are  worked  to  a  great  depth  ;  the  Quincy's  lowest 
level  is  3900  feet  on  the  incline,  and  the  Atlantic's  1600  feet.  In 
both  mines  the  rock  is  easilv  broken,  but  the  character,  uniformity 
and  width  of  the  Atlantic  bed  allow  it  to  be  extracted  more  cheaply 
than  the  Quincy.  The  Quincy  has  to  be  sorted  at  the  surface, 
whereas  the  Atlantic  ore  goes  without  handling  to  the  mill.  Both  the 
mining  and  concentrating  of  the  Atlantic  ore  can,  therefore,  be  car- 
ried on  at  lower  cost,  and  this  partially  offsets  its  greater  leanness. 
Yet  nothing  but  most  excellent  management  has  brought  down  the 
total  cost  of  mining,  raising  and  concentrating  the  ore;  of  delivering 
the  concentrate  to  the  furnace  and  smelting  it;  and  of  transporting 
to  market  and  selling  the  refined  copper  to  $1.43  per  ton  of  rock 
treated.  That  was  the  figure  in  1888.  In  1889  it  was  $1.5-^.' 
The  Quincy  has  just  completed  a  new  and  well-equipped  three-stamp 
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mill  with  a  capacity  of  180,000  tons  a  year,  which  will  enable  it  to 
increase  its  output  of  copj)or  beyond  the  .'>200  tons  limit  of  1889.  The 
Atlantic  will  probably  remain  steady  at  about  1800  tons  of  copper 
produced  from  280,000  tons  of  ore.  I  have  selected  for  comparison 
these  two  typical  amygdaloid  mines  without  disparagement  toothers, 
such  as  the  Osceola,  which  are  paying  dividends  out  of  rock  yielding 
little  more  than  1  per  cent,  of  copper. 

Conglomerate  Mines. — The  Albany  and  Boston  forms  just  such  a 
link  between  the  second  and  third  group  of  mines  as  the  Copper 
Falls  forms  between  the  first  and  second  groups.  After  failing  to 
work  profitably  an  amygdaloid-bed,  the  Albany  and  Boston  made  the 
first  experiment  in  1864  in  working  a  conglomerate-bed,  and  thus, 
though  unsuccessfid  itself,  was  the  forerunner  of  the  most  successful 
and  important  enterprise  on  the  Lake.  The  Albany  and  Boston 
should  therefore  appear  at  the  head  of  the  group  of  conglomerate 
mines,  followed  by  the  Calumet  and  Hecla  in  1865  and  by  the 
Allonez,  which  though  organized  in  1859,  commenced  work  on  the 
Allouez  conglomerate  only  in  1869.  The  Osceola  appeared  in  1873, 
but  after  working  for  a  time  on  so  much  of  the  remunerative  portion 
of  the  Calumet  conglomei'ate  as  lay  within  its  lines,  it  transferred  its 
operations  to  an  amygdaloid-bed.  The  Tamarack,  which  tapped 
the  Calumet  and  Hecla  conglomerate  on  the  dip  of  the  great  ore- 
chute  by  a  vertical  shaft,  commenced  making  copper  in  1885,  and  is 
the  last  born  of  the  conglomerate  mines. 

Several  conglomerate-beds  alternate  throughout  the  series  of  the 
Keweenaw  rocks  with  the  unaltered  traps  and  with  the  copper-bear- 
ing amygdaloid.  In  many  places  they  carry  traces  of  copper,  but 
the  only  conglomerate-bed  that  gives  assurance  of  economic  value 
is  the  Calumet  bed  where,  for  about  three  miles  along  its  strike, 
it  outcrops  on  Calumet  and  Hecla  ground,  on  the  northern  edge 
of  Osceola  ground  to  the  south,  and  on  the  southern  edge  of  Cen- 
tennial ground  to  the  north  (Fig.  Ij.  In  the  center  of  this  long 
stretch  Calumet  shaft  No.  1  was  sunk  in  what  has  proved  to  be 
likewise  the  center  of  the  most  productive  area  of  this  vast  chute  of 
ore.  Hecla  shaft  No.  1  adjoins  it  to  the  south  (for  the  two  com- 
panies were  distinct  until  amalgamated  in  1872).  Within  the 
Calumet  lines  there  have  been  sunk  five  siiafts,  from  1  to  5,  num- 
bered from  south  to  north,  and  within  the  Plecla  and  South  Hecla 
lines  twelve  shafts,  numbered  from  north  to  south.  The  disastrous 
fires  of  late  years  crippled  the  deep,  central  shafts  and  shut  of!"  tem- 
porarily all  access  to  the  rich  ores  of  the  central  zone.    But  previous 
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to  the  fire  the  700-foot  level  had  been  run  south  to  the  limit  of  the  Mk 
Calumet  and  Hecla  property,  and  had  traversed  a  second  chimney  " 
of  ore  in  the  southern  part  of  the  South  Hecla,  known  as  the  Black 


Fig.  1. 


Hills  section  of  the  mine.  With  extraordinary  energy  this  almost 
unexplored  territory  was  opened  soon  after  the  first  fire  occurred, 
and  so  rapidly  was  the  work  of  development  prosecuted  that,  although 
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between  the  years  1886  and  1887  tliere  was  a  diminntion  of  product 
from  22,55i  to  20,543  tons  of  cojijier,  this  was  due,  not  to  a  contrac- 
tion in  the  tonnage  stamped,  hut  to  a  decline  in  tlie  richness  of  the 
ore  from  4.22  per  cent,  to  3.52  \yn'  cent.  A  large  qnantity  of  lean 
ore  from  the  Black  Hills  mine,  which  was  necessarily  mixed  with 
the  richer  ores  of  the  central  chute,  caused  the  falling-otf.  The  next 
year  (1888)  showed  a  still  further  decline  to  3."i8  per  cent,  of  copper 
in  the  rock  treated. 

The  deepest  point  reached  by  the  Calumet  and  Hecla  is  the  twent\-- 
niuth  level,  which  is  3750  feet  from  the  surface  on  the  incline 
of  the  bed.  As  the  dip  is  37i°,  it  makes  the  vertical  depth  2280 
feet.  This  depth  corresjwnds  with  the  fifth  level  of  the  Tamarack 
mine,  but  the  bottom  of  .No.  4,  the  deepest  Calumet  and  Hecla  shaft, 
is  4000  feet  north  of  the  No.  1  Tamarack  shaft.  It  is  therefore  as- 
sumed that  the  Tamarack  is  working  on  the  dip  of  the  South  Hecla 
or  Black  Hills  chimney,  and  not  on  the  central  body.  The  sinking 
of  the  Tamarack  vertical  shaft  to  a  depth  of  2270  feet  on  the  chance 
of  striking  the  Calumet  conglomerate,  was  regarded  from  a  mining 
standpoint  as  an  act  of  audacity,  for  when  it  was  begun  in  1882,  the 
lower  drifts  of  the  Calumet  and  Hecla  were  far 'above  the  level  at 
which  the  Tamarack  shaft  was  expected  to  ])lerce  the  lode.  But  ere  the 
goal  had  been  reached,  in  1885,  the  Calumet's  deepest  workings  were 
approaching  the  same  level ;  so  that  it  became  a  foregone  conclusion 
that  the  Tamarack  hopes  would  be  realized.  To-day,  the  Calumet 
and  Hecla  has  nearly  re-equipped  the  burnt-out  portion  of  its  mine; 
it  has  also  opened  up  a  virtually  new  mine  in  the  South  Hecla;  it 
has  nearly  reached  its  fortieth  level,  or  a  depth  of  4000  feet  by  its 
inclined  shaft  No.  4,  and  it  is  sinking  a  vertical  shaft — the  Whiting 
— which  in  less  than  two  years  will  touch  the  central  chute  of  ore 
at  the  vertical  depth  of  3400  feet,  or  on  the  sixtieth  level.  INIean- 
while,  the  Tamarack  is  sinking  a  third  and  a  fourth  shaft,  which 
should  both  intersect  the  central  chute  of  the  conglomerate  at  a 
dei)th  of  about  5000  feet,  and  Tamarack  Junior,  a  company  affiliated 
in  ownership  with  the  Tamarack,  is  sinking  to  the  north  of  both  the 
Calumet  and  Hecla  and  the  Taniarack  ground,  in  the  hope  of  find- 
ing good  ore  below  the  Centennial  property,  a  hope  stimulated  by 
the  recent  success  of  that  latter  company  in  striking  remunerative 
ground  to  the  north  of  its  older  workings. 

Within  this  limited  range  of  three  miles,  besides  the  twenty-five 
inclined  shafts  of  which  eight  are  deeper  than  3000  feet,  there  are 
sunk,  or  being  sunk,  seven  vertical  shafts,  the  shallowest  of  which 
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is  2270  feet,  and  the  deepest  of  which  will  be  5C00  feet.  By  the  end 
of  this  year,  the  Calumet  and  Hecla  will  be  daily  extracting  from 
this  limited  area  3000  tons  of  ore,  and  the  Tamarack  1000  tons; 
but  these  quantities,  great  as  they  are,  could  certainly  be  more  than 
doubled  within  a  few  years,  if  it  should  be  the  policy  of  these  com- 
panies to  increase  their  production.  And  their  neighbors,  the  Os- 
ceola, Centennial,  Kearsarge,  and  Tamarack  Junior,  will  contribute 
in  no  small  degree  to  swell  the  grand  total.  During  the  next 
generation,  these  nine  square  miles  will  probably  produce  more 
copper  than  any  other  equal  area  on  the  earth's  crust. 

It  is  not  within  the  scope  of  my  present  purpose  to  describe  the 
methods  of  mining  or  of  concentrating  and  smelting  the  ore;  suffice 
it  to  say,  that  the  ore,  though  in  some  cases  so  very  lean,  is  readily 
concentrated,  by  automatic  means,  into  a  product  carrying  from 
thirty  to  ninety  percent,  of  metallic  copper,  and  that  this  concentrate 
is  smelted  and  refined  at  one  fusion.  Until  lately,  the  smelting 
was  done  for  the  mining-companies  by  a  separate  smelting  com- 
pany, under  contract,  at  so  much  per  ton  of  copper.  Xow,  the 
Calumet  and  Hecla  company  has  its  own  smelting-plant,  and  as  one 
consequence,  it  reduces  the  loss  of  copper  in  its  tailings  by  making 
concentrates  of  a  lower  grade. 

Arizona. 

Over  ninety  per  cent,  of  all  Arizona  copper  is  derived  from  oxidized 
ores,  which  aie  found  in  the  southern  and  middle  sections  of  the 
Territory.  Kature  has  reduced  the  copper  in  the  Keweenaw  rocks 
of  Michigan  to  metal.  In  southern  Arizona  she  has  assisted  the 
metallurgist  by  effecting  a  partial  alteration  of  the  ores  to  oxides  and 
carbonates.  In  both  cases  the  action  has  been  attended  with  the 
elimination  of  certain  elements  injurious  to  copper,  which  are  almost 
invariably  associnted  with  the  sulphuretted  ores  of  the  metal,  and 
are  difficult  to  extract  by  the  usual  smelting  methods.  Hence,  copper 
made  from  native  Lake  ore  ranks  highest  in  quality  in  the  markets 
of  the  world,  and  that  made  from  the  oxidized  ores  of  Arizona  holds 
an  intermediate  place  between  Lake  copper  and  the  metal  made  by 
the  ordinary  methods  from  sulphuretted  ores.  It  can  be  drawn 
and  rolled,  and  stamped  into  intricate  shapes,  like  Lake  copper, 
but  it  lacks  the  high  electrical  conductivity  of  that  exceptionally 
valuable  metal.  It  possesses  the  qualities  of  the  copper  from  the 
Burra-Burra  and  Moonta  mines  of  South  Australia,  which  is  like- 
wise the  product  of  oxidized  ores. 
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This  ore  is  smelted  in  water-jacketed  cupola-furuaces,  by  a  single 
fusion,  into  bars  of  ninety-six  ])er  cent,  standard,  which  are  sold  by 
the  pound  under  conditions  similar  to  those  which  govern  the  sale  of 
Chili  bars. 

With  insignificant  exceptions,  all  bar-copper  comes  from  the  three 
districts  of  Clifton,  Bisbee  and  Globe.  The  principal  mines  in  the 
Clifton  district  are  owned  by  the  Arizona  Copper  Comjiany,  a  Scotch 
organization,  and  by  the  Detroit  Cop|)er  Company.  There  are  sev- 
eral groups  of  mines,  some  miles  apart,  the  members  of  each  group 
being  related  to  one  another,  and  forming  a  more  or  less  continuous 
chain  of  deposits.  The  first  property  to  be  worked  was  the  Long- 
fellow. Though  not  itself  the  most  productive  mine  at  present,  it 
lies  in  the  strike  of  the  most  important  series  of  ore-masses.  At 
Bisbee,  and  for  miles  around  it,  there  are  claims  capable  of  produc- 
ing more  or  less  copper,  but  no  other  large  ore-deposit  has  been  dis- 
covered than  that  which  was  opened  as  the  Copper  Queen  mine  in 
1880.  At  Globe,  the  only  large  producer  has  been  the  old  Globe 
mine,  owned  by  the  Old  Dominion  Copper  Company. 

The  ore  occurs  in  all  three  districts  in,  or  adjacent  to,  carbonif- 
erous limestone,  which  has  been  chemically  and  mechanically  in- 
fluential in  assisting  the  oxidation  of  the  ore  to  a  very  considerable 
depth  ;  for,  through  the  crevices  which  intersect  the  limestone,  and 
which  have,  in  part,  been  the  result  of  the  ore-decay  itself,  water 
has  filtered  down  from  the  surface  and  decomposed  the  ore  to  a 
depth  far  below  the  line  of  decay  of  the  adjacent  feldspathic  rocks, 
where  these  rocks  are  not  themselves  heavily  charged  with  copper. 
In  Bisbee,  the  ore-beds  appear  to  be  confined  to  the  limestone, 
but  follow  no  regular  order  in  their  distribution.  In  Clifton 
and  Globe,  on  the  other  hand,  the  ore-bodies,  though  of  irregular 
size  and  occurring  at  irregular  intervals,  are  generally  found  in  the 
plane  of  contact  between  the  limestone  and  granite,  or  the  limestone 
and  sandstone.  Sometimes,  however,  and  then  over  considerable 
areas,  the  granite  and  sandstone  themselves  are  replaced  by  copper 
and  associated  ores.  But  even  in  these  cases,  the  contiguous  limestone 
has  apparently  j)layed  an  essential  part  in  the  genesis  of  the  oxidized 
ore.  Sulphuretted  ores  of  copper  are  found  in  all  of  our  exten- 
sively worked  carbonate  mines — sometimes  in  large  masses,  which  for 
some  cause,  not  always  assignable,  have  escaped  decay — occasionally 
even  at  a  much  higher  level  than  that  at  which  oxidized  ores  occur 
in  the  same  mine.  The  average  percentage  of  copper  in  the  ore  is 
difficult  to  determine,  since  unassorted    ore  is  never  delivered  to 
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the  furnaces,  while  the  grade  to  which  it  is  selected  is  dependent 
in  each  district  upon  the  cost  of  fuel  and  transportation.  The  furnace- 
yield  of  Copper  Queen  wet  ore  is  about  eight  per  cent.,  but  almost  as 
much  very  lean  ore  is  stowed  away  in  the  stopes  as  is  delivered  to 
the  furnace  bins.  The  average  ores  of  the  other  carbonate  districts 
are  probably  richer  and  their  furnace-yield  is  notably  higher.  The 
deeper  Queen  ores  consist  essentially  of  ferric  oxide  associated  with 
cuprous  oxide  and  cupric  carbonate,  resulting  from  the  oxidation  of 
iron-  and  copper-pyrites.  They  are  consequently  basic.  But  suffi- 
cient siliceous  ore  can  be  procured  to  supply  the  necessary  acid  flux 
for  the  furnace-mixture.  In  the  other  districts,  on  the  contrary, 
where  the  ore-gangue  consists  largely  of  altered  granites  and  sand- 
stones, the  siliceous  and  aluminous  constituents  have  been  imper- 
fectly eliminated,  and  barren  limestone  must  be  added  to  the  furnace- 
charge.  But  in  none  of  the  large  producing  mines  does  the  average 
of  the  ore  reach  the  high  percentage  promised  to  investors  in  the 
prospectuses  of  undeveloped  southwestern  mines. 

It  will  be  seen  from  this  sketch  that  the  Arizona  ore-beds  are  as 
strikingly  irregular  in  their  distribution  as  those  of  the  Lake  are  the 
reverse.  The  map  of  a  Lake  mine  is  like  a  chess-board,  laid  out 
with  mathematical  precision;  that  of  the  deep  Arizona  mines  is  more 
like  a  tangle  of  different  colored  threads. 

The  only  large  copper-mine  in  the  northern  half  of  the  territory 
is  the  Verde,  in  Yavapai  county.  There  the  copper  occurs  in  len- 
ticular masses  imbedded  in  crystalline  schists,  probably  of  Taconic 
age.  Massive  carbonates  are  found  at  the  surface,  but  at  a  shallow 
depth  occur  altered  sulphurets  or  oxisulphurets  which  resemble 
those  of  the  Southern  States  and  of  Butte.  In  this  mine,  as  in 
all  the  copper-bearing  veins  in  this  section  of  the  territory,  notable 
quantities  of  precious  metals  accompany  the  copper ;  but  the  gold 
and  silver  are  irregularly  distributed  in  the  same  vein  and  bear  no 
uniformly  definite  proportion  to  the  copper. 

Montana. 

Of  far  greater  moment  than  the  copper-mines  of  Arizona  are  those 
of  Butte,  Montana.  The  principal  mines  have  been  opened  on  a  lode 
which  has  proved  to  be  continuous  and  productive  for  over  three  miles. 
The  principal  mines  succeed  one  another  from  west  to  east  as  fol- 
lows (Fig.  2):  Gagnon,  Original,  Parrott,  Anaconda,  St.  Lawrence, 
Mountain  View,  Shannon,  Colusa  and  Hattie  Harvey.  The  gangue 
of  the  vein  is  granitic  and  softened  to  a  very  considerable  depth. 


THE  COPPER-RESOURCES   OP  THE   UNITED   STATES. 


G91 


C92  THE    COPPER-RESOURCES   OF   THE   UNITED   STATES. 

It  contains  disseminated  particles  of  ore,  but  most  of  the  ore  is 
derived  from  large  imbedded  masses.  One  of  these  in  the  Anaconda 
is  said  to  attain  a  width  of  150  feet  of  solid  mineral.  Two,  or  per- 
haps three,  parallel  veins,  or  as  many  chains  of  ore-masses  in  one 
very  wide  vein  are  traceable  throughout  its  extent.  Everywhere 
the  copper  carries  silver  in  proportions  varying  from  two  ounces  per 
unit  of  copper  to  less  than  one-half  ounce  per  unit.  The  propor- 
tion of  silver  to  copper  is  greater  in  the  western  section  of  the 
vein  than  in  its  central  and  eastern  sections.  The  ores  of  the  Gag- 
non  mine  are  smelted  into  rich  argentiferous  matte  at  the  Wil- 
liams works,  which  ship  their  product  to  the  Boston  and  Colorado 
Smelting  Company  of  Argo,  Colorado.  The  Parrott  ores  contain 
about  sixty  ounces  of  silver  to  the  ton  of  copper.  The  average  silver- 
contents  of  the  Anaconda,  Mountain  View  and  Colusa  ores  is  less. 
Both  the  Chambers  Syndicate  and  the  Boston  and  Montana  Com- 
pany, however,  make  rich  silver-matte,  but  not  from  unmixed  ores 
of  the  great  lode. 

In  following  the. lode  from  the  Gagnon  eastward,  one  ascends  the 
western  slope  of  a  steep  hill,  traversing  the  Parrott  and  the  Anaconda 
to  the  Mountain  View,  which  covers  the  summit.  In  descending 
the  eastern  slope  of  the  hill,  one  crosses  the  Shannon  and  the  West 
and  East  Colusa.  The  latter  is  situated  in  the  trough  of  a  valley 
and  was  formerly  supposed  to  cover  the  eastern  limit  of  the  lode. 
But  productive  ground  has  recently  been  found  far  to  the  east  of  this 
point,  extending  the  length  of  this  vast  lode  a  mile  beyond  its  formerly 
supposed  confines.  The  mines  which  lie  at  the  extremities  of  the  most 
productive  section  of  the  lode,  viz. :  the  Gagnon  and  Original  on  the 
west  and  the  Colusa  on  the  east,  are  likewise  lowest  in  level.  In 
them,  the  copper-ore  came  to  the  surface,  whereas  in  the  Anaconda 
and  the  Mountain  View,  which  crown  the  hill  several  hundred  feet 
above  the  terminal  mines,  the  surface-ores  to  a  depth  of  four  hun- 
dred feet  carry  some  silver  but  no  notable  quantity  of  copper.  At 
about  that  depth,  however,  great  bodies  of  oxisulphurets  and  erubes- 
cite  were  met  witli  in  the  Anaconda,  from  which,  in  the  early  days, 
ores  running  fifty  per  cent.,  and  over,  in  copper  were  mined  by  tens 
of  thousands  of  tons.  Subsequently,  the  Mountain  View  commenced 
to  yield  from  about  the  same  depth  the  rich  decomposed  ores  which 
are  now  assisting  the  large  product  of  the  Boston  and  Montana 
Copper  Company.  The  same  oxisulphurets  come  to  the  surface, 
or  are  found  near  the  surface,  where  the  lode  crops  out  in  the 
valleys  and  on  the  flanks  of  the  hill.     But  their  depth  and  richness 
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there  are  not  as  great  as  they  are  on  the  snniniit,  wliere  it  seems  as  if 
the  copper,  leached  out  of  the  four  hundred  feet  of  depleted  vein, 
had  been  concentrated  in  the  underlying  ore,  and  had  thus  ])ro- 
duced  a  zone  of  secondary  ore  about  two  hundred  feet  deej),  which 
contains,  as  might  be  expected,  about  thrice  its  normal  copper-con- 
tents. In  the  decuprified  surface-ore,  silver  was  retained  as  an  in- 
soluble chloride  when  the  soluble  copper  was  removed.  Therefore 
we  find  that  the  proportion  of  silver  to  copper  is  less  in  the  enriched 
copper  zone,  where  an  excess  of  copper  is  added  to  the  normal  silver 
contents,  than  in  the  unaltered  ore  beneath.  Hence,  the  projjor- 
tion  of  silver  to  copper  increases  with  the  depth.  The  Anaconda 
was  bought  as  a  silver-mine,  and  preparations  were  being  made  to 
mill  the  ore  when  the  shaft  entered  the  copper.  The  experience  of 
the  Parrott  and  other  mines  confirms  the  theoretical  anticipation  that 
the  lean  unaltered  ores  carry  a  larger  proportion  of  silver  to  i;opper 
than  the  overlying  altered  ores.  No  massive  carbonates  have  been 
discovered,  but  the  Gagnon  and  Parrott  in  their  early  days  yielded 
small  quantities  of  an  earthy  carbonate  of  copper,  rich  in  silver. 
The  altered  ores  of  both  the  great  lode  and  the  smaller  cross-  and 
parallel-lodes  consist  mainly  of  a  compact  purple  ore  and  of  soft 
black  ore  with  a  bright  metallic  streak. 

The  actual  copper-yield  of  the  Boston  and  Montana  is  given  in 
the  report  of  the  company  for  the  year  ending  June  30,  1890,  at 
9.36  per  cent.  This  high  percentage  is  the  result  of  treating  a  very 
large  proportion  of  the  rich  altered  ore.  Distributing  the  published 
yield  of  the  Anaconda  and  the  Chambers  Syndicate  mines  over  the 
number  of  pounds  said  to  have  been  transported  from  the  mine  to  the 
smelting-works — namely,  61,647,000  pounds  of  copper  over  1,028,- 
000,000  pounds  of  ore — we  obtain,  as  the  yield  of  the  Anaconda, 
whose  reserves  of  altered  ore  are  not  yet  exhausted,  5.0  per  cent. 
The  ultimate  yield  of  the  deep  copper-ores  of  the  great  Butte  lode 
and  its  subordinate  veins  will  undoubtedly  be  lower  still.  Many 
small  coi^per-mines  are  being  worked  on  the  parallel  veins,  and  on 
what  aj)pear  to  be  spurs  of  the  great  lode.  The  operators  are  the 
Chambers  Syndicate,  a  company  closely  connected  with  the  Ana- 
conda ;  the  Boston  and  Montana  Company ;  the  Butte  and  Boston 
Company  and  a  number  of  individual  owners.  Some  of  the  ore- 
bodies  of  these  subordinate  lodes  are  large  and  their  ores  generally 
carry  a  profitable  percentage  of  siiver.  In  the  aggregate  they  add 
largely  to  the  present  production  of  Butte,  and,  considering  the 
great  length  of  ground  which  they  represent,  they  insure  for  Butte 
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a  longer  life  than  would  be  its  lot  if  all  the  companies  were  making 
their  extravagant  drafts  on  the  one  great  lode  alone. 

Both  Arizona  and  Montana  have  increased  their  production  from 
year  to  year,  but  in  very  different  proportions,  as  the  following 
figures,  from  The  Mineral  Resources  of  the  United  States,  show  : 

Arizona.  Montana, 

lbs.  lbs. 

1882, 17,984,415  9,058,284 

1883, 23,874,963  24,664,346 

1884, 26,734,345  43,093,054 

1885,  .    • 22,706,366  67,797,864 

1886, 15,657,035  57,611,621 

1887, 17,720,462  78,699,677 

1888 31,797,300  97,897,968 

1889,* 31,600,000  104,200,000 

Conclusion. 

When  we  turn  from  a  review  of  our  present  sources  of  produc- 
tion to  the  consideration  of  our  ultimate  resources,  we  wander  at 
times  from  the  domain  of  fact  into  the  borderland  of  fancy. 

In  the  Appalachian  chain  from  Vermont  to  Georgia  there  are 
Imbedded  in  the  crystalline  schists  large  masses  of  pyrites,  some 
consisting  of  ordinary  bisulphide  of  iron,  but  most  of  them  of  pyr- 
rhotite,  and  all  carrying  more  or  less  copper.  In  the  North  they 
are  less  conspicuous  than  in  the  South,  where,  in  the  absence  of 
denudation,  rock-decay  extends  to  a  considerable  depth,  and  the 
existence  of  the  ore-masses  is  indicated  by  an  oxidized  iron  cap.  In 
Vermont,  as  already  mentioned,  the  Ely  mine  was  an  important  pro- 
ducer between  1854  and  1882.  In  Maine,  copper-bearing  pyrites- 
beds  have  been  worked  in  two  widely  separated  districts.  New 
Hampshire  has  always  produced  a  little  copper.  The  Ore  Knob 
mine  in  North  Carolina  yielded  largely  between  1873  and  1882. 
In  Tennessee,,  the  Ducktown  mines  produced  annually  more  copper 
than  any  single  Lake  mine  between  1852  and  the  advent  of  the 
Calumet  and  Hecla  in  1866.  Like  all  sulphuret  mines,  they  be- 
came poorer  as  depth  was  attained.  The  Tallapoosa  mine,  in 
Georgia,  was  worked  for  several  years,  shij)ping  its  pyrites  to  phos- 
phate-works in  Atlanta,  Ga.,  where  the  copper  was  extracted  from 
tlie  cinder  in  the  wet  way.  The  Stone  Hill  mine  in  Alabama 
yielded  a  much  higher  grade  of  copper-ore.  There  are  very  large 
masses  of  pyrrhotite  in  Carroll  county,  Virginia,  which,  despite  its 

*  The  figures  for  1889  are  from  the  Engineering  and  Mining  Journal. 
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inferior  sulphnr-eontents,  will  sooner  or  later  be  used  for  acid- 
making,  and  then  made  to  yield  up  their  very  small  percentage  of 
copper.  Considerable  quantities  of  bisulphide  of  iron  are  mined 
near  Charlemont,  Mass.,  and  in  Louisa  county,  Va.,  but  neither  de- 
posit carries  any  a[)preciable  amount  of  copper.  The  Liberty  and 
other  mines  in  Maryland,  as  well  as  the  copper-bearing  slates  and 
sandstones  of  Pennsylvania  and  New  Jersey,  are  lying  idle.  At 
the  present  moment,  therefore,  the  Atlantic  States  yield  virtually  no 
copper,  and  there  is  no  reason  to  suppose  that  they  will  ever  become 
large  producers,  inasmuch  as  they  contain  no  bodies  of  pyrites 
comparable  in  size  or  in  composition  to  even  the  smaller  Iberian 
ore- masses. 

Turning  to  the  Lake  region,  the  case  is  very  different.  The  larger 
of  the  existing  mines  will,  doubtlessly,  extend  their  capacity  for 
production,  and  new  mines  will  probably  be  opened  more  rapidly 
than  the  old  ones  will  decay.  There  is  but  one  mine  in  the  country 
whose  actual  contents  can  be  even  guessed  at.  I  refer,  of  course,  to 
the  Calumet  and  Hecla.  Its  ground  has  been  explored  laterally 
almost  to  its  limits,  and  by  its  deepest  workings,  as  well  as  by  the 
exploration  of  the  Tamarack  Company,  the  value  of  its  principal 
block  of  ground  on  the  dip  has  been  determined.  Of  course,  there 
may  be  large  tracts  of  unproductive  vein  within  the  area  thus  par- 
tially explored,  which  may,  to  some  extent,  impugn  Mr.  Agassiz's 
assumption  that  there  exists  within  the  Calumet  and  Hecla  territory 
sufficient  copper  to  last  for  forty  years  at  twice  the  present  rate  of 
production.  At  what  rate  the  administration  may  see  fit  to  extract 
that  definite  quantity,  depends  simply  on  the  use  which  they  wish 
to  make  of  money,  and  of  the  appliances  which  money  can  furnish 
for  extracting,  transporting  and  refining  their  ores.  The  Tamarack 
has  no  known  means  of  ascertaining  to  what  depth  this  same  rich 
chute  extends,  but  it  is  reasonable  to  assume  that  the  depth  of  the 
ore-bodies  included  in  the  Keweenaw  rocks  bears  some  relation  to 
their  length,  and  is,  therefore,  not  illimitable.  Outside  of  the 
Calumet  and  Hecla  ore-chute,  the  Quincy  is  the  only  mine  whose 
ore  is  rich  enough  sensibly  to  affect  future  proJuction  in  case-  the 
administration  should  deem  it  wise  to  increase  the  capacity  of  its 
new  mill.  But  the  Keweenaw  rocks  extend  beyond  Michigan 
through  the  northwestern  part  of  Wisconsin  into  Minnesota,  v/here 
I  have  seen  them  carrying  small  quantities  of  metallic  copper, 
associated,  strange  to  say,  with  sulphides  of  iron  and  copper. 
Metallic  copper  has  been  mined,  though  unprofitably,  in  Douglas 
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county,  Wisconsin,  and  salable  quantities  of  copper  have  been  found 
as  float  in  the  drift  in  Wisconsin.  But  the  outcrop  of  the  Keweenaw 
rocks,  both  in  Wisconsin  and  Minnesota,  is  generally  so  heavily  cov- 
ered with  forest  and  swamp,  that  the  discovery  of  copper  in  those 
regions  will  obviously  be  slow.  In  Michigan  itself  there  is  an 
almost  boundless  area  of  very  lean  amygdaloid-  and  conglomerate- 
rock,  which  will  yield  about  one- half  per  cent,  of  copper,  and  will 
therefore  attract  mining  only  when  a  high  range  of  prices  is  assured, 
for  the  starting  of  a  Lake  mine  and  the  erection  of  the  plant 
necessary  to  the  economical  treatment  of  the  ore  is  a  costly  enter- 
prise. 

Thus  we  may  count  on  a  gradual  but  considerable  increase  of 
copper  from  the  larger  existing  Lake  mines.  It  is  also  reasonable  to 
suppose  that  new  mines  will  be  opened,  and  that  if  the  price  be  tempt- 
ing, abandoned  mines  will  be  revived.  At  present,  the  price  of  the 
metal  determines  the  activity  of  most  of  the  smaller  mines.  During 
the  late  depression  the  cost  of  production  in  many  cases  hovered  dan- 
gerously near  the  figures  at  which  copper  was  sold. 

Beyond  the  Lakes  lies  the  West — a  wide  and  but  partially 
explored  domain.  Looking  at  the  existing  mines,  it  is  hardly  prob- 
able that  those  of  Arizona  will  greatly  extend  their  production, 
though  in  none  is  there  any  sign  of  exhaustion.  They  do  not  grow 
richer  with  growing  depth,  and  it  is  safe  to  presume  that  when  the 
oxidized  ores,  including  the  oxisulphurets,  give  place  to  unaltered 
sulphurets,  the  latter  will  be  leaner  than  the  superjacent  layers.  In 
Butte  the  extensive  surface-ground  owned  by  the  Chambers  Syndi- 
cate, and  the  Boston  and  Montana,  and  Butte  and  Boston  com})anies 
probably  covers  undeveloped  bodies  of  rich  surface-ores.  When 
the  ravages  of  the  fire  in  the  Anaconda  have  been  repaired,  she 
will  resume  her  former  production  ;  and  the  new  work  of  the  Boston 
and  Montana  Company  at  Great  Falls,  Missouri,  will  enable  that 
comj)any  to  increase  its  output.  For  a  time,  therefore,  we  may  look 
for  augmented  production  from  Butte.  But  sooner  or  later  even 
her  output  will  decline  by  reason  of  the  notable  debasement  which 
the  deeper  Butte  ores  undergo  in  common  with  the  sulphuret  of  all 
copper-veins.  If  a  given  standard  of  production  is  to  be  maintained, 
a  corres|wnding  expansion  of  plant  will  be  required,  and  this  in 
time  will  create  unwieldy  and  unprofitable  establishments.  The 
resources  of  Butte  are  enormous,  but  they  are  drawn  upon  with 
lavish  prodigality,  and  like  everything  else  on  the  earth,  even  includ- 
ing copper-mines,  they  are  not  inexhaustible. 
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So  much  for  the  principal  centers  of  active  mining.  As  for  the 
undeveloped  riches  of  our  West,  it  is  to  be  borne  in  mind  that 
although  this  wide  expense  of  territory  has  not  been  thoroughly 
explored,  there  are  few  districts  which  have  not  been  superficially 
prospected.  For  forty  years  a  large  army  of  active  and  sanguine 
men  has  been  marching  back  and  forth  over  every  obstacle,  and  in 
every  season,  traversing  the  Rocky  Mountains  from  east  to  west,  and 
from  north  to  south,  in  search  of  hidden  treasure.  That  their  search 
long  ago  was  very  tiiorough  is  being  revealed  ever-more  clearly  by  the 
rarity  of  the  occasions  on  which  fresh  discoveries  of  large  bodies  of  any 
metalliferous  mineral  are  made  at  the  present  day.  And  copper  is 
a  metal  whose  ores  betray  their  presence  by  such  characteristic  and 
brilliant  colors  that  they  are  not  easily  overlooked,  especially  in  a 
country  whose  naked  mountain-ranges  are  riven  and  deeply  scored  by 
the  elements.  Some  new  discoveries  of  large  deposits  are  sure  to  be 
made,  but  they  will  be  infrequent.  It  must  be  remembered  that  ten 
years  htive  elapsed  since  the  railroads  gave  access  to  Montana  and 
Arizona,  and  led  to  the  active  development  of  the  large  mines  in  those 
sections  that  had  been  already  discovered;  and  that  desj)ite  the  con- 
struction in  the  interval,  of  other  through  lines  and  ramifying 
branches,  no  large  deposit  that  was  then  unknown  has  been  opened 
since.  But  while  the  copper  world  is  not  destined  to  be  startled  often 
by  the  apparition  of  an  Anaconda  mine,  we  have  no  cause  to  fear 
a  dearth  of  copper  even  when  the  large  mines  now  known  have 
been  exhausted.  In  every  State  and  Territory  of  the  Rocky  Moun- 
tains we  know  of  an  abundance  of  low-grade  ores  which  will  help  us 
to  maintain  our  supremacy  in  the  ranks  of  producers  when  they  be- 
come available  by  the  growth  of  population,  the  cheapening  of  fuel 
and  labor,  and  the  application  of  still  better  metallurgical  methods. 

There  extends  through  northwestern  Texas,  northern  New  Mexico 
and  northern  Arizona  a  belt  of  Permian  sandstone  carrying  nodules 
of  rich  ore  and  immense  quantities  of  low-grade  ore,  which  at  some 
future  day  will  be  utilized.  The  San  Pedro  mine  in  that  section  of 
New  Mexico  has  figured  at  intervals  as  an  important  producer. 
In  the  Santa  Rita  district  of  southern  New  Mexico  large  deposits  of 
ore  were  once  extensively  worked.  In  the  Clifton  district,  as  indeed 
throughout  extensive  tracts  of  southwestern  Arizona,  the  rocks  are 
tinted  green  with  copper  ;  but  the  copper  is  associated  with  so  much 
alumina  and  silica,  and  is  so  lean,  that  to-day  it  cannot  be  profitably 
treated.  Nor  are  these  the  only  undeveloped  deposits  of  Arizona 
which  simply  await  favorable  conditions  for  exploitation.     In  the 
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State  of  California  large  beds  of  low-grade,  sulphuret  ores  occur  in 
Calaveras  and  Nevada  counties,  which  beside  promising  a  valuable 
yield  of  copper,  will  prove  a  most  desirable  auxiliary  to  California's 
future  chemical  industry.  Passing  to  Nevada  there  are  large  deposits 
of  low-grade  ores  in  Esmeralda  county,  and  ores  of  higher  grade  are 
reported  to  exist  north  of  the  line  of  the  Central  Pacific  Railroad. 
Utah  now  contributes  some  copper,  and  Idaho  will  undoubtedly  con- 
tribute much  more  than  at  present.  She  has  copper-deposits  on  the 
Lost  river,  and  still  more  extensive  deposits  in  the  Seven  Devils  dis- 
trict on  the  Snake  river,  which  if  nearer  tiie  railroad,  would  now  be 
furnishing  their  quotum  to  the  common  stock.  Oregon  has  unworked 
copper-mines.  The  copper  of  Montana  is  not  confined  to  Butte,  nor 
are  the  States  of  Wyoming  and  Colorado  barren.  Taking  into  account 
the  wide  area  over  which  we  find  copper,  and  the  casualties  of  raining, 
which  if  they  generally  bring  misfortune,  yet  occasionally  bless  us 
with  unexpected  luck,  we  may  allay  all  alarm  of  famine  while  dispel- 
ling any  apprehension  of  a  deluge.  We  should  bear  in  mind  that 
the  great  bulk  of  our  undeveloped  copper  cannot  be  made  available 
without  a  favorable  price,  and  yet  we  believe  that  only  by  drawing 
on  these  reserves  can  our  own  and  the  world's  future  requirements 
be  met.  A  greatly  increased  production,  either  from  existing  mines 
or  from  new  ones,  will  be  necessary  to  supply  the  world's  ravenous 
demand  for  copper — a  demand  that  springs  from  many  new  applica- 
tions of  the  metal  as  well  as  from  increased  consumption  for  old  uses. 
The  following  table  exhibits  the  rate  of  copper-consumption  in  the 
United  States  since  1850: 


Year. 

Population. 

Consumption 
in  Tons  of  2000  lbs. 

Consumption 
per  Head. 

1850 
1860 
1870 
1880 
1889 

23,191,876 
31,443,321 
38,558,371 
50,155,703 

61,000,000 

• 

6,710 

7,116 

12,342 

26,799 

34,800 

0.550  lbs. 
0.405    " 
0.603    " 
1.006    " 
2.736   " 

The  per  capita  decline  between  1850  and  1860  is  probably 
attributable  in  part  to  the  introduction  of  iron  in  ship-building  and 
the  con.sequent  abandonment  of  coj)per-sheathing,  and  partly  to  the 
financial  disturbance  which   reached  its  extreme  depression  toward 
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the  close  of  the  decade.  Electricity  may  be  credited  with  creating 
an  extraordinary  demand  witliin  the  last  few  years,  but  it  had  no 
part  in  raising  the  per  capita  consumption  so  steadily  between  1860 
and  1880.  This  was  due  to  the  growing  wealth  of  the  people  which 
stimulated  the  demand  for  fine  metal-work  in  architectural  construc- 
tion and  decoration.  A  pro  rata  increase  of  consumption  during 
the  coming  decade  may  not  be  maintained,  though  no  good  reason 
for  a  falling  otf  can  be  alleged.  The  present  applications  of  electri- 
city are  few  compared  with  its  future  uses,  and  although  we  may 
expect  to  see  copper  economized  by  the  discovery  of  new  methods  for 
reducing  the  size  of  conductors,  there  is  no  probability  that  any  other 
metal  will  supplant  copper  in  the  construction  of  dynamos  or  in  the 
distribution  of  electrical  energy.  The  necessity  for  sheathing  iron 
vessels  is  most  keenly  felt  now  that  speed  is  becoming  the  supreme 
consideration  both  in  mercantile  and  naval  marines,  and  we  may 
therefore  almost  count  upon  the  discovery  of  a  successful  method  for 
effecting  it.  Such  a  discovery  would  naturally  exert  a  potent  influ- 
ence on  the  balance  between  supply  and  demand.  For  ordinary 
household-purposes  copper  will  certainly  hold  its  own,  for  even 
though  aluminum  should  be  produced  as  cheaply  as  copper,  it  would 
not  displace  bronze  and  brass,  with  their  capacity  for  artistic  treat- 
ment in  color  and  form.  If  the  growth  of  our  population  during 
the  next  ten  years  continues  at  the  same  rate  as  for  the  past  decade, 
and  the  per  capita  increase  of  consumption  is  maintained,  it  will 
require  in  the  year  1900  over  300,000  short  tons  of  copper  to  satisfy 
the  demands  of  this  country  alone,  or  about  seventy-five  per  cent,  of 
the  world's  present  annual  jiroduction. 

The  importance  of  the  copper  interests  of  the  country  as  industrial 
enterprises  is  much  greater  than  is  ordinarily  suppposed.  Without 
pretending  that  they  rival  the  iron-  and  steel-industries  as  a  national 
necessity,  they  bear  no  insignificant  comparison  with  them.  If  we 
assume  that  the  average  of  all  copper-ores  treated  carries  3  J  per  cent, 
of  metal  (and  this  is  above  rather  than  below  the  true  average),  and 
that  our  production  of  metallic  copper  in  1889  was  241,600,000 
pounds,  this  would  represent  the  mining  of  3,451,000  tons  of  copper- 
ore,  as  against  an  annual  })roduction  of  12,000,000  tons  of  iron-ore, 
or  about  28  {)er  cent.  The  metallurgical  treatment  of  copper,  and 
more  especially  of  the  sulphuretted  ores,  involves  heavier  costs  in 
labor,  fuel  and  material  than  the  treatment  of  iron,  and  most  of  the 
subsequent  manipulation  of  the  metal  in  converting  it  into  manu- 
factured forms  is  more  intricate.     The  comparative  importance  of  the 
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two  metals  in  the  national  balance-sheet,  therefore,  is  not  to  be  esti- 
mated so  much  by  the  respective  weight  of  the  finished  products 
as  by  the  relative  amount  of  raw  material  and  labor  used  in  creating 
them. 

STATISTICS. 


Table  I. — Copper-Product  of  the  United  States  from  1845  to  1890. 
Showing  Relative  Proportion  of  the  Lake  Superior  Product. 

[From  Mineral  Eesources  of  the  United  States,  for  1888,  published  by  theU.  S.  Geological  Survey.] 


Total 

Produc- 

tion. 

>l 

Long 

Tons. 

184S 

100 

1846 

150 

1847 

300 

1848 

500 

1849 

700 

1850 

650 

lail 

9fX) 

1852 

1,100 

1853 

2,000 

18M 

2,2.")0 

1855 

3,000 

1866 

4,000 

1857 

4,800 

18f,8 

5,500 

lRi9 

6,300 

1860 

7,200 

1861 

7,. 500 

.862 

9,000 

1868 

8,500 

1864 

8,0f)0 

1865 

8,500 

1866 

8,900 

1807 

10,000 

Lake 
Superior. 


Long 
Tons. 

12 

26 

213 

461 

672 

572 

779 

792 

1,297 

1,819 

2,593 

3,666 

4,255 

4,088 

3,985 

5,388 

6,713 

6,065 

5,797 

5,. 576 

6,410 

6,138 

7,824 


I  Percent- 
Calumet   age  of  L. 
and      I  Superior 
Hecla.      of  total 
product. 


Long 
Tons. 


603 


12.0 
17.0 
71.0 
92.5 
96.0 
88.0 
86.6 
72.0 
64.9 
71.1 
86.4 
91.6 
88.7 
74.3 
63.3 
74.8 
89.1 
67.4 
67.0 
69.7 
75.4 
68.1 
78.2 


1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881, 
1882 
1883 
1884 
1885; 
1886; 
18871 
1888 
S1889 
48901 


Total 
Produc- 
tion. 


Long 
Tons. 

11,600 
12,500 
12,600 
13,000 
12,5CK3 
15,500 
17,500 
18,000 
19,000 
21,000 
21,500 
23,000 
27,000 
32,000 
40,467 
51,574 
63,555 
74,053 
69,971 
80,768 
103,245 
106,507 
101,861 


Lake 
Superior. 


Long 
Tons. 

9,3-16 
11,886 
10,992 
11,942 
10,961 
13,433 
15,327 
16,089 
17,0a5 
17,422 
17,719 
19,129 
22,204 
24,363 
25,439 
26,6.53 
30,916 
32,206 
a5,666 
33,693 
38,604 
38,679 
44,451 


Calumet 

and 

Hecla. 


Long 
Tons. 

2,276 

5,497 

6,277 

7,242 

7,215 

8,414 

8,9S4 

9,586 

9,683 

10,075 

11,272 

11,728 

14,140 

14,000 

14,309 

14,788 

17,812 

21,093 

25,2;>9 

20,513 

22,4.^3 

21,714 

26,539 


Percent- 
age of  L. 
Superior 
of  total 
product. 


80.6 
95.1 
87.2 
91.9 
95.7 
87.3 
87.6 
89.4 


82.4 
83.2 
82.2 
76.1 
62.1 
50.1 
48.4 
43.5 
50.1 
41.7 
38.2 
35.8 
38.2 


*  From  Engineering  and  Mining  Journal. 
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Table  IV. — Copper-Product  of  Arizona. 

[Compiled  from  Engineering  and  Mining  Journal.'] 


Mine. 


Copper  Queen 

Holbrook  &  Cave. 

Old  Dominion - 

Arizona  Copper...., 

Detroit 

United  Verde 

Other  mines 


Total. 


Pounds. 
7,700,000 


7,400,000 
3,760,000 
2,940,000 
3,680,000 
1,254,345 


1885. 


Pounds. 
6,721,535 


4,688,640 
6,832,880 
3,456,000 


1,007,301 


1886. 


1887, 


1888. 


Pounds.    Pounds.  Pound 

3,800,000    5,945,550  9,379,949 

3,042,468 

1,441,770  4,870,0-00 

5,714,000  7,133,188 


4,567,665 
5,250,000 
2,135,000 


247,335 


26,734,345  22,706,356;16,000,000 


4,404,321 
272,124 


5,420,224 
3,200,000 


12,235       154,171 


17,790,000 


33,200,000 


1889. 


1890. 


Pounds.    Pounds. 

9,408,000    9,408,000 

2,561,144    3,ai7,310 

5,923,289    7,782,190 

i 
7,600,000    4,662,281 

5,076,890    4,976,890 

1,923,738    5,675,602 

440,000;      167,727 


32,933,06135,720,000 


Table  V. — Copper-Product  of  3Iontana. 

[Compiled  from  Engineering  and  Mining  JoiimaJ.] 


Mine. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

Anaconda 

Parrott 

Pounds. 

23,000,000 

9,300,000 

6,600,000 

600,000 

2,000,000 

Pounds. 

36,000,000 
9,809,000 
7,500,000 

10,000,000 
2,500,000 
1,200,000 

Pounds. 

33,267,864 
10,000,000 
2,000,000 
7,000,000 
1,700,000 
2,000,000 

Pounds. 

57,000,000 
10,000,000 
1,500,000 
7,100,000 
1,565,000 
1,500,000 

Pounds. 

63,245,473 
10,750,000 
18,278,667| 
700, 000 j 
3,521,556 
1,488,000 

Pounds. 
61,647,000 
9,500,000 

26,425,228 

2,560,000 

2,951,000 

1,103,125 

400,000 

Pounds. 

64,046,812 

9,000,000 

26,822,804 

3,300,000 

2,320,000 

5,357,723 

162,661 

Boston  &  Mont. 
Clark's  Colusa. 
Butte  RedAVks. 
Col.  S.  &  M 

Butte  &  Boston. 
All  others 

4,593,054 

789,864 

1 .fiJS.fioi 

34,677 

521,295 

Total 

46,093,054  fi7.79S.8fi4  .57. fill  .485 

78,699,677 

98,504,991 

104,589,353 

111,010,000 
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Table  YI. — Copper-Product  of  the  World,  by  Continents, 
in  Tons  of  2240  Pounds. 

[Compiled  by  H.  R.  Merton  &  Co.,  London.] 


COUNTRIES. 

1879. 

1880. 

1881. 

1882. 

1883. 

18&4.      1885. 

1886. 

1887. 

1888. 

to 

Per  cent- 
age  of 
Total 

Product, 
1889. 

EUROPE. 

Great  Britain.... 
Spain  and  Por- 
tugal : 

Rio  Tinto 

Tharsis 

3,462 

13,751 
11,324 

4,692 

1,360 

770 

800 

8,400 
600 
255 

3,662 

16,215 
9,151 

6,603 

1,705 

1,000 

800 

9,800 
1,000 
500 
900 
1,074 
2,426 
1,380 
3,154 

1 

1 

3,875     3,464 

16,666    17,389 
10,203,     9,000 

2,620 

20,472 
9  son 

3,350 

21.564 
10,800 

7,500 
2,000 
2,300 
2,251 

12,582 

2,200 

670 

2,773 

23,484 
11,500 

7,000 
l.S-X) 
1,665 
2,424 

12,450 

2,800 

585 

1,471     1,500 

24,7001  28,500 
11,000    11,000 

7,000     7,000 
2, 1351     2,300 
l,258l        ?<.% 
3,560     4,400 

12,595    13,025 

1,870     1,850 

550,        700 

1,456     1,500,        .568 

29,700  *32,000     12.509 
11,000*11,000       4  165 

Mason  and 
Barry 

8,1701     8,OOo'     8,000 

1,340     1,885:     2,026 

1,410     1,7001     2,357 

800         800     1,000 

10,999    11,536    12,634 

1,743     3,5.52,    3,568 

474'        474         h-i'> 

*7,000i  *5,250       1.99 

1,709     1,350         .511 

*900       *900i         .ail 

*7,000j  *6,500       2.463 

13,380    15,506       5.877 

*l,a50:  n,&iO         .701 

1.010         800          snv 

Sevilla 

Portugueza... 
Other  mines. 
Germany : 

Mansfeld 

OtherGerm'n 

Hungary 

Sweden  

Norway 

Italy 

Russia 

1,019 
800 
2,412 
1,140 
3,081 

800,        661 

995         798 

2,640     2,590 

1,480     1,400 

3,411      3,537 

661 

732 

2,630 

1,600 

3,500 

614 

662 

2,706 

1,325 

4,700 

75,224 

504 
775 

2,560 
835 

5,100 

500,        500         858 
600[        500     1,036 

2,220     1,450     1,570 
900     2,500     3,500 

4,875     5,000     4,700 
75,2.34    81,086  186,669 

*300.        .113 

1,000'         .382 

1,2-57          .476     I 

*3,500       1.326    ■ 

4,070       1.542    i 

Total  Europe 

53,866 

59,370 

65,006'  66,786 

72,172 

76,255 

86,783     33.271    | 

N.  AMERICA. 

United  States... 
Canada 

23,000 
50 

1,500 

27,000 
50 

1,500 

32, 000 '  40,467    51,574 
500           500       1.0.55 

63,555    74,053 
236      2. 500 

69,971 
1,440 

1,125 

78,571 
1,400 

1.180 

1 
103,246  106,507     40.373 
*2,2.30    *2..500           047 

Newfoundland 
Bett's  Cove... 
Tilt  Cove 

1,718 

1,500 

1,053 

668 

778 

1,300 
700 

2,566 

200 

1,115         .422 
750         .284 

3,280       1.243 

500         .189 

Mexico : 
Boleo  Co 

1 

1,950 
100 

Other    Mexi- 
can  

400 

400 

333 

401 

489 

291 

375 

77,706 

850 

T'l  N.America   24,950 

28,9.50;  34,551 

42,8681  54,171 

64,750 

73,386    83,201 

110,261 

114,6.52     43.458 

S.  AMERICA. 

Chili 

49,318 

2,000 
600 

1,597 

300 

53,815 

42,916 

2,000 
600 

1,800 
300 

37,989 

2,655 
615 

2,823 
307 

42,909 

3,259 
440 

3,700 

800 

51,108 

600 
5,716 

41,099   41,648 

1,680     1,500 
395        362 

4,018     4,600 
293         159 

38,500 

1,500 
229 

4,111 
233 

35,025 

1,100 
75 

3,708 
180 

29,150 

1,300 
50 

2,900 

170 

33,570 

31,240    24,250       9188    1 

Bolivia : 

Corocora 

Peru  

1,450    *1,200 
250         275 

4,000     5,563 
150         190 

.454   ! 
.IM.; 

2.108 
.071 

Venezuela : 
Quebrada 

Argentine  Rep. 
T'l  S.America 

AFRICA. 

47,616 

44,389 

47,485    48,269,  44,573 

40,088 

37,090    31,478 

11.925 

500 
4,328 

500 
4,739 

600 
3,467 

600 
5,975 

260 
5,000 

250 
5,450 

110 
6,015 

150 

7,250 
7,400 

11.000 

50 
7,500 

190 
7,400 

,072 
2.805 

Cape   of  Good 
Hope 

Total  Africa 

ASIA. 

Japan 

4,828 
3,900 

5,239 

4,067 

6,316 

6,575     5,260     5,700 

6,125 

10,000 
10,000 

7,360 

7,590       2.877 

3,900 

3,900 
3,900 

4,800 
4,800 

7,600,  10,000    10,000 
7,600i  10,000    10,000 

11,600 

1 
15,000l      5.686 

Total  Asia... 

AUSTRALIA. 

Australia 

3,900 

3,900 

11,000 
7,700 

11,600 

15,000 

9,500 

9,700 

in  non 

8,512 

19  '>71    14.100    11.400 

9,700 

7,450 

8,300 

3.146 

Totals 

150,859  154,775  161,913,180,390  200.274  217,603  225,634 

214,5331223,957 

260,620  263,803    100.363 

*  Estimated. 


t  Figure  adopted  by  the  United  States  Geological  Survey. 


The  paper  was  illustrated  by  the  author  with  a  series  of  lantern- 
views,  showing  the  details  of  important  mines,  mining-  and  con- 
centrating-plants  and  smelting-works. 
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Discussion. 
F.  M.  F.  Cazin,  New  York  city  (communication  to  the  Secre- 
tary) :  The  mention  of  the  San  Pedro  mine  in  New  Mexico,  on  page 
697,  of  Mr.  Douglas's  paper,  might  be  construed  as  placing  that 
mine  in  the  belt  of  Permian  sandstone  described  in  the  sentence 
which  immediately  precedes.  Having  worked  the  Nacimiento  (one 
of  the  mines  in  the  sandstone)  and  the  San  I'edro,  I  am  positive 
that  there  is  no  similarity  between  them,  the  latter  being  in  Archaean 
limestone,  both  fissured  and  interstratified  with  petro-silex.  The 
copper-deposit  at  the  San  Pedro,  so  far  as  hitherto  worked,  has  been 
in  seams  parallel  with  the  bedding;  but  it  has  recently  been  shown 
that  a  fissure,  faulting  the  lime  for  a  few  feet  only,  also  carries  cop- 
per. The  San  Pedro  ore  is  chalcopyrite  in  continuous  seams,  whereas 
the  ore  at  the  Nacimiento  is  copper-glance,  giving  evidence  of  its 
origin  through  the  agency  of  organic  matter  in  a  thin  coating  of  coal 
or  graphite  surrounding  every  nodule  and  facilitating  its  separation 
from  the  sandstone  when  rained. 


JV02£S  ON  TEE  EXCAVATION  OF  THE  NEW  GROTON 

AQUEDUCT. 

BY  J.    P.    CARSON,    NEW  YORK    CITY. 
(New  York  Meeting,  September,  1890.) 

The  Croton  water-shed  furnishes  the  source  and  storage  of  water- 
sui)ply  to  both  the  old  and  the  new  aqueduct.  The  Croton  river 
rises  in  the  southern  part  of  Dutchess  county,  about  68  miles  from 
the  lower  end  of  New  York  city.  Its  three  main  branches,  called 
the  East,  Middle  and  West  branches,  flow  southward  across  Putnam 
county,  joining,  near  its  southern  boundary,  to  form  the  Croton, 
which  continues  thence  in  a  general  southwest  direction  across  AV^est- 
chester  county  to  the  Pludson  river  at  Croton  Point,  about  35  miles 
north  of  the  city.  The  water-shed  above  the  proposed  site  of  the 
Quaker  Bridge  dam  extends  about  33  miles  north  and  south,  with 
an  average  width  of  11  miles,  making  in  all  about  362  square  miles, 
from  which,  by  complete  storage,  an  average  daily  supply  of  250,- 
000,000  gallons  may  be  collected — sufficient  for  the  needs  of  the 
city,  probably,  for  the  next  fifteen  years.  The  water-shed  above  the 
Croton  dam  is  23  square  miles  smaller,  and  furnishes  the  present 
daily  supi)ly  of  100,000,000  gallons. 

By  referring  to  the  maj)  it  will  be  seen  that  the  shortest  apj^roxi- 
mately  straight  line  between  the  proposed  site  of  Quaker  Bridge 
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dam  on  the  Croton  and  High  Bridge  on  the  Harlem  river  passes  for 
the  greater  part  down  the  valley  of  the  Hudson.  It  was  at  first 
contemplated  to  construct  the  aqueduct  in  open  cut,  but  investiga- 
tion showed  that  the  deep  cuttings  required  would  cost  as  much  as 
a  tunnel.  This  fact,  and  the  consideration  of  the  more  permanent 
character  of  the  work,  caused  the  tunnel  to  be  adopted.  Although 
the  line  down  the  Hudson  was  the  shortest,  questions  of  land- 
damages  arose,  so  that  it  was  decided  to  go  further  back  from  the 
river,  where  land  was  cheaper,  and  at  the  same  time  the  necessary 
blow-ofPs  could  be  easily  constructed.  After  much  deliberation,  the 
location  of  the  present  line  was  adopted,  commencing  at  Croton  dam 
and  running  down  the  Saw  Mill  valley  to  High  Bridge. 

Fig.  1  shows  the  line  of  the  aqueduct,  and  Fig.  2  its  profile. 
The  following  data  from  the  hand-book  of  information  of  the  chief 
engineer  give  a  digest  of  the  extent  and  general  features  of  the  work. 

Total  area  of  water-shed  of  Croton  river  above  Croton  dam  =  210,845  acres,  or 
338.82  square  miles. 

Total  area  of  water-shed  of  Croton  river  above  Quaker  Bridge  =  231,565  acres,  or 
361.82  square  miles. 

KESERVOIRS. 

Now  Existing. 


Croton  Dam  Eeservoir, 
Boyd's  Corners  Reservoir,  on 
"West  Branch  of  Croton  river. 
Middle  Branch  Reservoir, 


Contents  in 
million  gallons. 

.     2,000 


,"} 


2,700 
4,000 


Height  of 
dam  in  feet. 

50 

78* 
88t 


Length  of 
dam  in  feet. 

270 
670 
980 


Now  Being  Constructed. 


Contents  in 
million  gallons. 

Double  Reservoir  "  I,"  consist-  ] 

ing  of  Hodoni  Dam  Reservoir, 

East  Brancli  of  Croton  river 

and  Bog  Brook  Reservoir, 


Height  of        Length  of 
dam  in  feet,    dam  in  feet. 


Elevation  of 
crest  of  dam. 

167 
600 
380 


Elevation  of 
crest  of  dam. 


9,000 


78 


Reservoir  "  A,"  on  Muscoot  river. 
Reservoir  " D,"  onWest  Branch  ^ 

of  Croton  river,  / 

Reservoir  "  M,"  on  Titicus  river, 
Quaker   Bridge    Reservoir,  on  ) 

the  (Jroton  river,  -• 


Proposed, 

Contents  in         Height  of 
million  gallons,    dam  in  feet. 

90t 


7,000 
9,000 
6,000 

30,000 


100 
264 


500 

Length  of 
dam  in  feet. 

1400 

1200 
1500 


415 


Elevation  of 
crest  of  dam. 

410 

325 
200 


Total, , 


.     69,700 


*  Fifty -six  feet  from  bottom  of  pipe  to  overflow. 

f  Sixty-tliree  feet  from  bottom  of  tunnels  to  top  of  overflow. 

X  Seventy-five  feet  from  bottom  of  tunnels  to  top  of  overflow. 
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DIMENSIONS   OF   NEW   AQUEDUCT. 

Total  length  of  tunnel  not  under  pressure  (horse-shoe),    . 
Total  length  of  tunnel  under  pressure  (circular), 

Total  tunnel,  including  siphon  at  Gould's  Swamp,   . 

Total  length  of  aqueduct  in  open  trench,  .... 

Total  of  aqueduct  from  Croton  Lake  gate-house  to  One-hun- 

dred-and-thirty-fifth  Street  gate-house,       .... 

Total  length  of  pipe-line, 

Total  length   from   Croton  Lake  gate-house  to  Central  Park 

gate-house, 174,893.1 


Feet. 

Miles. 

120,370.6 

22.80 

36,079.8 

6.83 

156,450.4 

29.63 

5,926.7 

1.12 

162,377.1 

30.75 

12,516.0 

2.37 

33.12 


Total  fall  frotn  Croton  gate-house  (elevation,  153)  to  One-hundred-and-thirty- 
fifth  Street  gate-house  (elevation  of  water,  128),  25  feet. 

Total  fall  from  Croton  gate-house  (elevation,  153)  to  Central  Park  reservoir 
(elevation,  118.61),  34.39  feet. 

Aqned2tct  unihr  Harltm  River. 

Depth  of  center-line  below  mean  high  water,  307  feet. 

Maximum  inward  pressure  on  aqueduct  when  empty,  128.74  lbs.  per  square  inch. 

Maximum  pressure  on  aqueduct  when  full,  55.29  lbs.  per  square  inch. 

Horse-shoe  shape  :  height,  13  feet  6i\%  inches;  width,  13  ieeil^^^  inches;  inside 
area,  155.573  square  feet=  a  circle  14  feet  1  inch  in  diameter. 

Prevailing  circular  shape :  diameter,  12  feet  3  inclies;  inside  area,  1 17.86  square  feet. 

Circular  shape  under  Gould's  swamp:  diameter,  14  feet  3  inches;  inside  area, 
159.48  square  feet. 

Circular  shape  under  Harlem  river:  diameter,  10  feet  6  inches;  inside  area, 
86.59  square  feet. 

Flowing  capacity  of  aqueduct  above  Shaft  No.  20  (not  under  pressure),  318,000,- 
000  gallons  per  twenty-four  hours. 

Flowing  capacity  of  aqueduct  below  Shaft  No.  20  (under  pressure),  250,000,000 
gallons  per  twenty-four  hours. 

Note. — Difference,  68,000,000  gallons,  expected  to  be  distributed  in  annexed  dis- 
trict through  a  proposed  intermediate  reservoir. 

Flowing  capacity  of  pipe-line  (8  pipes  of  48  inches  diameter  each)  from  13oth 
Street  gate-house,  250,000,000  gallons  (approximated)  per  twenty-four  hours. 

Note. — Four  of  these  pipes  deliver  125,000,000  gallons  into  the  Central  Park 
Reservoir;  the  balance  of  125,000,000  gallons  is  taken  into  city  distribution 
through  the  other  four  pipes. 

Gate-Houses. 

Croton  Lake  gate-house. — Built  in  view  of  the  construction  of  the  Quaker  Bridge 
dam. 

One-Hundred-and-Thirty-fifth  Street  gate-house. — At  end  of  the  aqueduct  and 
beginning  of  the  pipe  line. 

Central  Park  gate-house. — At  the  end  of  the  pipe  line  and  at  the  head  of  Central 

Park  reservoir. 

Blow-offs. 

Pocantico  blow-off:  distance  from  Croton  gate-house,  91^/5  miles;  empties  into 
Pocantico  river  and  Hudson  river  tlirougli  Sing  Sing. 

Ardsley  blow-off:  distance  from  Croton  gate-liouse,  15i'/'(j  miles ;  empties  into  Saw 
Mill  river  through  Yonkers. 
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South  Yonker.-:  blow-off:  distance  from  Croton  gate-house,  21  ^-V,?  miles:  empties 
into  Tihbetl's  brook  antl  Harlem  river  through  Van  Coiirtland  lake. 

Shaft  No.  25  :  distance  from  Croton  gate-house,  28^^?  m'les ;  empties  into  Harlem 
river. 

Overflow  at  Shaft  No.  2G  :  distance  from  Croton  gate-house,  28  jYj  miles ;  empties 
into  Harlem  river. 

Shafts  and  Open-Cats. 

Total  number  of  principal  shafts,  32 ;  total  number  of  auxiliary  shafts,  10;  total 
number  of  shafts  to  be  left  open,  28. 

Deepest  shaft  is  No.  25 ;  depth,  419^^  feet.  Shallowest  shaft  is  No.  17^  ;  depth, 
22  feet.     Average  depth  of  shafts,  122x5  ^^et. 

Total  number  of  portals,  9. 

Total  number  of  open-cuts,  6,  as  follows:  Open-cut  8 A,  length  84  feet;  open-cut 
SB,  length  733  feet;  open-cut  9,  length  1312  feet;  open-cut  12,  length  123  feet; 
open-cut  14,  length  459x-o  feet;  open-cut  18,  length  32I5f'j  feet. 

MISCELLANEOUS  INFORMATION. 

Brick-work. 
The  amount  of  brick-work  laid   in  the  New  Croton  Aqueduct  is  estimated  at 
312,258  cubic  yards,  or  about  163,000,000  of  bricks,  which  would  build  thirty-three 
structures  the  size  of  the  Tribune  building. 

The  total  area  of  the  inside  surface  of  the  aqueduct  from  Croton  lake  to  One- 
hundred-and-thirty-fifth  Street  gate-house  is  equal  to  7,092,823  square  feet,  or 
162.83  acres,  or  about  equal  to  i  the  area  of  Central  Park. 

Excavated  Material. 

The  total  excavated  material  of  the  entire  aqueduct  exceeds  2,800,000  cubic  yards. 

The  total  excavated  material   plus  the  masonry  placed  exceeds  3,250,000  cubic 

yards.     This  is  equivalent  to  83  per  cent,  of  the  volume  of  the  great  pyramid   of 

Cheops.     This  material  would  be  sufficient  to  build  a  wall  10  feet  thick  and  55  feet 

high  around  Manhattan  Island,  30  miles  in  length  on  the  water  front. 

The  amount  of  dynimite  used  in  blasting  on  the  aqueduct,  exclusive  of  the 
amount  used  in  sinking  the  shafts,  was  over  5,800,000  lbs.,  or  over  2900  tons. 

Elevations. 
Maximum  level  of  present  Croton  lake,  .         .        .     167      feet. 
Level  of  wateratOue-hundred-and-thirty-fifth  Street 

gate-house, 128         " 

Level  of  water  at  Central  Park  gate-house,      .         .     llSj-Vff    "       (reservoir  full). 

All  elevations  are  referred  to  the  Croton  datum,  which  is  SjVff  feet  below  mean 
high  water  of  Harlem  river  or  city  datura. 

The  flowing  capacity  of  the  aqueduct,  318,000,000  gallons  per  twenty-four  hours, 
is  equivalent  to  a  stream  50  feet  wide  and  10  feet  deep  flowing  59.1  feet  per  minute, 
or  about  1  foot  per  second,  or  about  x^jths  of  a  mile  per  hour. 

Geology. 
The  rocks  are  nietaraorphic,  principally  gneiss,  which  varies  from 
firm  granite  to  ordinary  niica-.sehist.   The  first  14  miles  from  Croton 
dam  to  the  crossing  of  the  Saw  Mill  river  are  through  this  material, 
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Section  showing  Bad  Ground  near  Shaft  13  A. 
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and  it  constitutes  about  90  per  cent,  of  all  the  rock  passed  through 
to  Harlem  river.  The  general  strike  is  N.  20  E.,  and  the  dip  varies 
from  20°  to  85°  E.  It  was  generally  observed  that  where  a  brook 
occurs  on  the  surface  the  stratification  of  the  rock  below  has  under- 
gone great  disturbance.  This  is  characterized  by  faults,  a  jointed 
structure,  and  seams  of  variable  size  filled  with  talc,  decomposing 
feldspar  and  clay.  This  faulty  ground,  after  a  few  weeks'  exposure 
to  the  air,  is  liable  to  fall  down,  by  reason  of  the  slacking  or  swell- 
ing of  the  seams. 

The  only  interesting  mineral  specimens  found  were  a  few  insig- 
nificant crystals  of  garnet  and  pyrite,  and  some  fine  pieces  of  fibrous 
asbestos — the  latter  in  the  tunnel  under  the  Harlem  river. 

At  the  Saw  Mill  river  a  mass  of  siliceous  dolomitic  limestone  was 
for  the  first  time  encountered,  striking  N.  46°  E.,  and  dipping  60°  to 
70°  S.E.  Near  the  surface  it  was  decomposed,  but  gradually  became 
harder,  and  with  an  occasional  small  pot-hole  or  clay-seam,  continued 
qtiite  regularly  for  4200  feet.  It  then  gradually  became  decomposed 
(260  feet)  and  finally  the  soft  ground  of  Shaft  No.  13  South  Heading 
was  reached.  This  extended  practically  for  110  feet,  and  the  driving 
of  the  tunnel  through  it  caused  more  anxiety,  trouble,  and  expense, 
than  any  other  similar  work  in  this  country.  The  predominant  ma- 
terial was  a  hard,  compressed,  yellow  mud,  composed  of  fine  particles 
of  mica,  sand  and  clay.  Through  the  mass  there  were  vugs  of  white 
and  yellow  clay,  and  several  strong,  water-bearing  seams,  filled  with 
white  sand  and  gravel.  The  water  from  these  seams,  when  they 
were  cut,  formed  with  the  mud  a  sticky  mixture  of  the  consistency 
of  pea-soup.  This  mixture,  being  strained  or  allowed  to  settle, 
gave  a  sandy  residue,  upon  which  one  could  stand  without  sinking. 
A  lump  of  the  mud  readily  dried  and  hardened  in  the  open  air,  but 
dissolved   immediately  in  water.     It  was  equivalent  to  a  quicksand. 

South  of  this  pocket,  the  limestone  again  occurs  for  2230  feet,  then 
decomposed  gneiss  for  640  feet,  then  two  small  peaks  of  limestone, 
with  irregular  seams  of  feldspar,  clay,  and  boulders,  which,  with  a 
cave  from  the  surface,  caused  some  trouble.  Then  came  two  pockets 
of  clay,  each  extending  about  60  feet.  At  the  southern  limit,  the 
limestone  and  gneiss  merged  into  each  other  in  wavy  lines,  without 
a  distinct  dividing  seam. 

This  bed  of  limestone  may  be  said  to  extend  6800  feet.  It  is  to 
be  regretted  that  the  tunnel-notes  on  the  dip  and  strike  are  not  as 
complete  as  would  be  desirable. 

Figs.  3,  4,  and  5,  are  longitudinal  sections  on  the  line  of  the 
tunnel,  and  Fig.  6  is  a  cross-section  taken  in  the  excavation  for  the 
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blow-off  at  Anlsley.     The  longitudinal  sections  south  of  Shaft  13 
were  deterniined  by  the  diamond  drill. 

Fig.  5. 


Section  between  Shafts  13  and  14,  as  shown  by  Drill-holes. 

For  the  next  4.87  miles  the  rock  is  mica-schist,  with  the  occasional 
jointed  structure.     Then,  in  Shaft  17,  occurred  for  265  feet  a  pocket 
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N.  y.  &  N.  E,  B. 
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of  sand  and  drift-boulders,  witli  decomposed  rock  for  60  feet  on 
either  side.     The  distance  below  the  surface  was  150  feet. 

For  the  next  3.39  miles,  with  the  exception  of  3200  feet  of  open- 
cut,  the  mica-schist  is  again  found.     The  tunnel  then  approaches 


Scale  40  ft— 1  Inch, 


PLAN   OF  CAVE 

SHOWING  HEADING  AND  BENCH 
IN  DOTTED  LINE 


I  March  8,.to  AErll.a;— 4  Weeks 


Section  and  Plan  of  Cave.     Sliaft  13,  South  Heading  (See  Fig.  4). 

within  30  to  40  feet  of  the  surface,  and  passes  through  1730  feet  of 
sand  and  boulders.  It  then  soon  follows  down  the  incline  and  enters 
the  gneiss,  which,  with  the  exception  of  a  pear-shaped  horse  of  green- 
stone, about  50  feet  long,  occurring  at  Shaft  20,  continues  4.34  miles 
to  the  Harlem  river. 
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Heoapitulation :   Croton  Dam,  to  Harlem  River. 

Gneiss,    . 25.54  miles. 

Clay  and  limestone,         • 1.29      " 

Sand 0.38      " 

Ol)en-cnt, 1.12      " 

Toial, 28.33  miles. 

The  Excavation. 

It  was  not  contemplated  to  line  the  entire  tunnel  with  brick,  but 
the  developments  of  the  nature  of  the  rock  soon  demonstrated  the 
necessity  fordoing  so.  The  contract-price  for  tunnel  excavation  was 
$7.00  }>er  cubic  yard,  or  $52.88  per  running  foot.  This  included 
everything.  But  in  case  of  excessive  excavation,  the  vacant  space 
between  the  rock  and  the  brickwork  was  to  be  filled  with  broken  stone 
packed  dry,  at  the  expense  of  the  contractor. 

After  the  order  had  been  given  to  line  the  entire  tunnel  with  brick, 
it  was  further  ordered  to  fill  the  vacant  space  with  rubble,  built  in 
radial  lines,  so  as  to  strengthen  the  arch.  The  simple  excavation 
then  became  complicated  with  the  question  of  "making  rubble," 
which  was  a  very  great  opix)rtunity  for  those  who  "  would  not  play 
false,  and  yet  would  wrongly  win." 

The  following  notes  are  from  ]>ersonal  observations,  and  data  com- 
piled from  the  records  of  Sections  7  and  8,  Division  3. 

The  American  center-cut  system  was  used.  The  plant  is  de- 
scribed l>elo\v.  In  driving  the  heading,  the  usual  difficulty  was 
experienced  in  keeping  the  floor  at  or  about  the  grade  of  the  spring- 
line.  It  invariably  crept  up  one  or  two  feet  (the  roof  following 
suit);  the  alleged  reason  being  that  this  was  "on  account  of  the 
drainage,"  or  "  on  account  of  the  very  bad  rock,  which  breaks  high." 
The  truth  was  that  the  frequency  of  drill-holes  showed  the  rock  to  be 
very  good.  In  practice  the  ordinary  rock  could  be  broken  as  desired 
by  placing  the  drill-holes  about  a  foot  within  the  line. 

The  area  of  the  horse-shoe  section  with  Ti-inch  lining  was  : 

Percent. 
Above  spring-line,  73  sq.  ft.       Average  as  excavated,  105  sq.  ft.       Excess,  44 

Below  "  131     "  "  "  178     "  "        35 

Total,         204  283  38 

The  areas  of  the  heading  and  bench  as  excavated  are  in  the  ratio 

of  3  :  5.     The  following   table  shows  the  average  weekly  progress 

and  the  proportion  of  time  lost  when  working  through  different  kinds 

of  material,  and  by  different  methods. 

In  this  table,  the  column  headed  •'  Per  cent,  no  progress  "  shows 

the  proportion  of  time  during  which  the  work  stood  still. 
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The  Different  Sy.stems  of  Excavation  Considered  in 
Relation  to  the  Subsequent  Brickwork. 

For  16  months,  or  until  Sept.  1886,  the  headings  and  bench  were 
worked  together,  being  kept  as  near  together  as  possible  (the  average 
distance  between  them  being  about  50  to  75  feet)  and  the  tunnels 
had  advanced  about  1500  feet  from  the  shaft. 
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It  was  then  decided  to  change  this  procedure  and  drive  the  head- 
ings first.  This  was  done,  by  constructing  an  inclined  ])lane  about 
400  feet  long  from  the  grade  of  the  tunnel  to  the  grade  of  the 
heading. 

The  following  reasons  were  advanced  for  abandoning  the  old 
system : 

1.  Because  progress  w^as  delayed  by  the  difficulty  of  ventilation  ; 
whereas  by  first  connecting  the  headings,  the  air  would  be  improved 
and  the  work  really  advanced.     This  is  in  part  true. 

2.  Because  the  length  of  haul  caused  much  difficulty  in  moving 
the  "  runs,"  and  in  getting  rid  of  the  broken  stone.  Moreover  it 
was  desirable  to  start  the  masonry.  In  taking  out  the  smaller  head- 
ing both  these  operations  would  be  impeded  to  a  less  extent  than  by 
excavating  the  enlarged  heading  at  once. 

3.  As  the  rock  from  the  heading  was  too  much  shattered  to  be 
fit  for  rubble,  it  would  prove  more  advantageous  to  leave  the  bench 
to  be  subsequently  excavated,  and  save  the  re-handling  of  this  much 
of  the  broken  stone  by  using  it  directly  for  the  masonry. 

Under  certain  local  conditions,  these  two  latter  reasons  may  be 
good,  but  a  consideration  of  facts  connected  with  this  work  will  serve 
the  double  purpose  of  showing  their  unsoundness  here,  and  of  illus- 
trating the  manner  of  conducting  the  work. 

The  "  runs"  were  movable  bars,  placed  across  the  tunnel,  to  sup- 
port the  continuation  of  the  track  from  the  heading,  so  that  the  muck 
could  be  directly  dumped  from  the  cars  above  to  those  below.  The 
labor  was  not  increased  on  this  account;  hence  it  may  be  regarded 
as  an  incidental  detail.  The  transportation  was  done  in  cars  holding 
about  a  cubic  yard  of  broken  stone,  equivalent  to  half  a  yard  of  solid 
rock.  One  mule  hauled  two  and  sometimes  three  cars  at  a  trip. 
Up  to  a  distance  of  1500  feet,  6  to  8  cars  were  allowed  to  each  head- 
ing. It  is  easy  to  show  that  a  third  more  would  suffice  for  an  in- 
creased haul  up  to  4500  feet,  which  was  greater  than  ever  occurred. 

The  average  daily  excavation  of  the  bench  and  heading  was  53 
cubic  yards  of  solid  rock  and  of  the  bench  alone  40  cubic  yards. 
The  trans[)ortation  of  this  material  would  require  trij)s  of  two  cars, 
to  be  made  respectively  every  24  and  30  minutes.  The  relative 
diifepence  of  interruption  was  therefore  practically  the  same  in  both 
cases. 

The  subsequent  excavation  of  the  bench  involves  the  following 
questions : 


Average 
progress 

40 

daily 
feet. 

Per  rnn- 
uing  loot. 

0.78 

Culiic  yards  of  rubble 
used  per  day. 

17 

20 

1.43 
0.40 

29 

2.61 

46 

6 

6.6 

40  =  64  broken 
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1.  The  quantity  of  rubble  required  ; 

2.  Tiie  rate  of  construction  of  tlie  masonry;  and  rate  of  excava- 

tion of  the  bench. 

1.  The  Quantity  of  Bubble  Required. — The  rock  from  the  heading 
was  too  much  sliattered  for  use  as  rubble,  and  the  same  applies  to 
about  25  per  cent,  of  that  from  the  bench. 

Requirements  of  Rubble. 

Side-wall?, 

Arch, 

Invert, 

Total,    . 
Bench, 

The  masonry  Avas  built  in  the  above  order,  and  required  1.74 
cubic  yards  of  solid  rock  per  running  foot.  The  bench  contained 
6.6  cubic  yards,  or  after  allowing  for  waste,  sufficient  for  three 
running  feet  of  masonry.  It  would  then  appear  proper  to  leave 
one-third  of  the  bench  in  the  tuimel  to  be  used  as  needed.  Often 
more  than  one-half  was  left.  In  practice  the  stone  was  used  by  the 
masons  direct  from  the  car — whenever  possible — but  even  under  the 
most  favorable  circumstances  about  a  third  more  was  daily  excavated 
than  could  be  so  employed.  The  broken  stone  was  piled  up  at  a  con- 
venient place  in  the  tunnel,  about  7  feet  high  and  6  feet  wide — a 
quantity  about  sufficient  for  one  running  foot  of  arch.  It  had  to  be 
rehandled  ;  so  that  it  would  generally  have  been  more  convenient  to 
have  piled  it  on  the  surface.  The  cost  of  hoisting  it  to  and  lowering 
it  from  the  surface  was  saved,  which  amounted  to  17  cents  per  cubic 
yard,  while  the  increa.sed  cost  of  working  the  heading  and  bench 
separately  (supposing  work  in  both  tunnels)  was,  as  will  be  subse- 
quently shown,  $2.10  per  cubic  yard. 

2.  Tlie  Question  of  Time. — By  referring  to  Table  I.,  it  will  be  seen 
that  with  mica-schist  the  average  progress  was  as  follows: 

When  heading  and  bench  were  worked  together,  30  feet  per  week. 

When  heading  was  worked  alone,  47  feet  per  week. 

When  bench  was  worked  alone,  36.1  feet  per  week. 

It  therefore  required  1.3  week  to  excavate  a  length  of  bench  equal 
to  the  length  of  heading  excavated  in  1  week.  Hence,  2.3  weeks 
were  required  to  excavate  47  feet  of  complete  enlarged  tunnel-section. 
The  weekly  progress  was  therefore  20.43  feet,  or  32  per  cent,  less, 
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working  separately,  than  when  working  together  both  heading  and 
bench. 

As  the  relative  daily  advance  of  the  masonry  to  the  excavation 
(done  separately)  was  as  20  to  3.4,  obviously  one  would  overtake  the 
other  and  would  have  to  stop.  So  no  time  was  saved  by  rushing  the 
masonry,  as  its  completion  was  limited   by  that  of  the  excavation. 

The  tunnel  and  brickwork  can  be  finished  practically  at  the  same 
time,  without  delay  to  either:  first,  by  carrying  on  the  brickwork 
without  rushing,  at  a  reasonable  distance  behind  the  excavation,  say 
500  feet,  and  at  the  same  rate  of  advance,  say  5  feet  per  day  ;  second, 
by  starting  the  brickwork  after  80  per  cent,  of  the  excavation  is 
completed,  and  continuing  the  excavation  of  the  full  section. 

By  excavating  the  heading  and  bench  separately,  the  time  for  the 
completion  of  the  work  is  increased  10  per  cent. 

At  Shaft  15,  out  of  7000  feet  in  length,  3400  feet  or  49  per  cent, 
of  heading  and  bench  were  excavated  separately. 

The  lower  portion  of  the  aqueduct.  Shaft  11  B,  Station  687  -f-  00, 
to  Shaft  24,  Station  1489  +  88,  after  deducting  3798  feet  of  open- 
cut,  consisted  of  76,490  feet  of  tunnel.  The  heading  and  bench  were 
excavated  separately  in  18,026  feet  of  this  length,  or  23  per  cent. 
The  delay  was  11.5  per  cent.;  but  as  frequently  both  headings  were 
not  driven  at  the  same  time,  this  percentage  should  be  doubled  ;  and, 
from  the  fact  that  some  shafts  were  idle  for  over  two  months,  the 
completion  of  the  excavation  took  45  months  instead  of  33,  the 
increase  of  time  being  36  per  cent.  A  part  of  this  delay  was  reason- 
able, on  account  of  the  bad  ground  in  Shaft  13,  but  there  was  no 
good  cause  why  the  work  should  have  been  delayed  so  long  as  4 
months  after  No.  13  was  finished.  The  approximate  increase  of  cost 
of  driving  heading  and  bench  separately,  as  compared  with  driving 
them  together,  is  shown  in  the  transcripts  from  actual  average  prac- 
tice, given  at  the  close  of  this  paper  under  "Cost  of  Driving." 

One  might  infer  from  the  foregoing,  tiiat  the  contractors  were  un- 
mindful of  their  own  interests — which,  in  the  light  of  subsequent 
events,  would  be  a  great  mistake.  The  most  probable  reason  of 
their  choice  of  method  was  that  there  was  not  sufficient  boiler-power, 
and  they  did  not  wish  to  incur  the  expense  of  further  additions. 

To  each  shaft  there  were  two  tubular  boilers,  75  horse-power.  As 
many  of  these  boilers  had  been  bni'ned  out  soon  after  the  work 
started,  their  actual  power  was  probably  reduced  to  about  60  horse- 
power. As  the  work  advanced,  this  power  was  not  sufficient;  the 
ventilation  became  fouler,  and  the  receipts  consequently  fell  off;  to 
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keep  them  up,  the  sub-contractors  were  forced  to  start  tlie  masonry, 
and  rush  it  re<»;ardless  of  all  principle. 

On  the  northern  portion  of  the  work,  from  station  0  to  6(S7  +  00, 
the  length  of  the  tunnel,  after  deducting  the  open-cuts,  Avas  66,571 
feet.  Of  this,  8550  feet  of  bench  and  2030  feet  of  heading  were 
driven  separately,  or  8  per  cent,  of  the  whole  tunnel,  as  against  23 
])er  cent,  done  in  this  way  on  the  southern  portion.  The  reason  is, 
that  the  work  was  not  sub-let;  the  management  was  concentrated, 
and  it  was   cheaper  to  drive  the  full  section. 

Lighting  and  Ventilation. 

Tl\e  Lighting. — For  the  first  two  years,  gasoline  torches,  miners' 
lamps,  a  few  candles,  and  electric  lights  to  some  extent,  were  used. 
The  two  former  predominated.  The  air  finally  became  so  foul,  that 
an  order  was  issued  forbidding  the  use  of  torches  or  lamps,  and 
after  a  time  the  torches  were  abandoned.  In  the  construction  of  the 
masonry  only  candles  and  electric  lights  were  employed. 

The  3Icans  of  VeniUation. — On  the  northern  portion  of  the  work, 
the  arrangement  for  improving  the  ventilation  was  by  means  of  what 
the  men  termed,  very  properly,  "  smoke-boxes."  These  consisted  of 
wooden  flues,  varying  in  section  from  10  inches  by  24  inches  to  18 
inches  by  36  inches,  placed  continuously  along  the  side  on  the  floor 
of  the  tunnel.  They  were  too  small.  They  should  have  been  air- 
tight, but  they  were  continuously  being  broken  or  damaged  by  fall- 
ing stones  and  other  accidents.  Air-jets  were  inserted  at  intervals, 
which  had  a  cooling  and  consequently  detrimental  effect.  The  auto- 
matic action  of  the  flue  depends  upon  the  difference  of  der  sity  be- 
tween the  air  within  and  the  air  outside  the  tunnel.  As  the  average 
temperature  inside  was  about  60°,  the  desired  action  could  only  occur 
during  a  few  months  of  winter  when  the  outside  temperature  was 
low.  Had  a  sufficiently  large  flue  been  placed  along  the  roof  and 
connected  with  a  fire-jdace,  the  arrangement,  though  clumsy  and  ex- 
pensive, would  have  been  rational,  whereas  the  system  as  employed 
was  a  miserable  farce. 

For  the  ventilation  of  the  southern  portion,  Baker  blowers  No.  4|- 
were  used.  They  were  run  by  independent  10  horse-power  engines 
at  from  70  to  150  revolutions  per  minute — 80  revolutions  being  a 
fair  average.  According  to  the  manufacturers'  circular,  the  ca|>acity 
was  16|  cubic  feet  per  revolution.  The  air  was  conveyed  by  spiral- 
riveted  12-inch  iron  pipe  with  ends  fitting  into  each  other,  and  sus- 
pended on  the  side  of  the  tunnel  near  the  spring-line.  It  was 
VOL.  XIX.— 46 
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carried  to  within  100  or  200  feet  of  the  blasting  operations.  The 
effectiveness  of  this  system  depended  on  the  manner  in  which  it  was 
carried  out,  as  details,  which  will  be  given  later,  will  show. 

The  air  was  usually  forced.  The  reasons  given  for  this  procedure 
were  that  the  men  liked  it  better,  and  that  the  eccentric  of  the 
engine  was  set  to  work  that  way.  At  Shaft  24,  however,  a  Sturte- 
vant  fan  was  arranged  for  both  forcing  and  suction. 

Shaft  16  was  provided  with  two  blowers,  but  they  were  seldom 
used,  because  it  was  considered  too  much  trouble  to  keep  the  pipes 
in  repair. 

At  Shaft  15,  the.  volume  of  air  delivered  in  each  heading  and  the 
loss  by  leakage  was  as  follows — the  velocity  being  determined  by  a 
standard  Casella  anemometer : 
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2 

3400 

110 

1815 

320 

82 
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Average,  355 

To  the  above  must  be  added  the  air  from  each  drill,  65  cubic 
feet  a  minute;  but  as  the  drilling  occupies  but  7  hours,  the  average 
quantity  delivered  during  the  ten-hour  shift  is  only  45  cubic  feet 
per  minute. 

The  Standard  of  Purity  of  Air. — Pure  mountain  air  in  all  parts 
of  the  world  has  been  found  to  contain  3  to  4  parts  of  carbonic  acid 
jn  10,000.  AVhen  people  speak  of  good  ventilation,  they  mean  air 
which  contains  less  than  0.07  per  cent,  of  carbonic  acid.  Sanitarians 
declare  that  the  limit  should  not  exceed  0.06  per  cent.  In  tunnels, 
0.35  per  cent,  is  allowed.  Experience  shows  that  an  atmosphere 
containing  0.10  per  cent,  of  this  gas  is  not  only  offensive  but  un- 
wholesome ;  10  per  cent,  is  deadly. 

Pure  carbonic  acid,  in  small  proportions,  is  not  necessarily  in- 
jurious. Men  frequently  work  without  ill  effects  in  mineral-water 
fiictories,  certain  rooms  in  breweries  and  champagne-bottling  vaults, 
where  it  may  be  present  in   the  air  to  the  proportion  of  1.5  per 
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cent.  But  in  questions  of  ventilation  great  importance  is  given  to 
tlie  results  of  chemical  tests  of  air  in  reference  to  this  gas,  becaus-e 
it  is  usually  accompanied  by  vapors  and  suspended  organic  particles 
that  are  both  offensive  and  dangerous.  Variations  in  the  amount 
of  the  gas  to  the  extent  of  3  or  4  jnuts  in  10,000,  indicate  a  cor- 
responding variation  in  the  extent  of  the  vitiation.  The  quantity 
of  carbonic  acid  can  be  determined  with  comparative  ease  by  several 
methods,  while  there  are  no  such  tests  for  the  acconn)anying  impuri- 
ties. For  convenience  the  gas  is  measured,  and  thus  is  obtained  a 
comparative  measure  of  the  extent  to  which  the  ventilation  is  being 
affected. 

The  following  table  show's  the  composition  by  volume  of  inspired 
and  expired  air : 


Pure  air  inspired. 

Air  expired. 

Nitrogen 

(A.  Smith.) 

79.000 

20.965 

0.035 

(Huxley.) 

79.000 

16.300 

4.700 

Oxvgen 

100.000 

100.000 

It  is  seen  that  air  which  has  been  once  breathed,  contains  a  hun- 
dred times  more  carbonic  acid  than  pure  air;  or,  speaking  roughly, 
it  may  be  said  to  contain  5  per  cent,  while  the  oxygen  is  5  per  cent, 
less  and  the  nitrogen  remains  unchanged. 

From  experiments  conducted  in  a  closed  lead  chamber,  the  follow- 
ing effects  were  observed  by  Prof.  Angus  Smith. 


Instiintaneous  headache  occurred,    . 
Decidedly  close,        .... 
Candles  went  out,     .... 
Spirit-lamps  went  out  in  150  minutes, 
Difficult  to  remain  in  many  moments. 


/olume 

per  cent. 

0 

CO2 

20.19 

3.84 

19.61 

1.26 

18  80 

2.28 

18.40 

2.45 

17.20 

In  a  mine  in  England,  the  worst  specimen  of  air  examined  by  the 
same  authority  gave: 


In  one  oase  minimum  oxygen, 

In  another  case  maximum  carbonic  acid, 


Volume. 
18.27  per  cent. 
250 


The  average  of  339  analyses  of  air  in  mines  in  England  gave: 

Volume. 

Oxygen, 20.260  per  cent. 

Carbonic  aciil,         .......        0.785        " 
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Other  analyses  showed : 

Volume,  per  cent. 
In  the  worst  parts  of  theatres  in  London,  carbonic  acid,      .        .  0.32 

In  workshops,  carbonic  acid, 0.30 

Smoking  cars  in  United  States,  carbonic  acid,      .         .       0.09Sto0.37 

In  Germany,*  in  a  school-room  of  252  cubic  meters  capacity  and 
containing  64  children,  a  series  of  14  experiments  was  made  in  one 
day.  The  carbonic  acid  contained  in  the  air  of  the  room  varied 
from  0.221  per  cent,  to  0.936  percent. 

Aif  Required  /o/-  Respiraiion. — A  man  inhales  at  least  22  cubic 
inches  at  each  breath,  which,  at  20  respirations  a  minute,  gives  15 
cubic  feet  as  the  quantity  passed  through  the  lungs  in  an  hour. 
The  air  exhaled  contains  from  4  to  5  per  cent,  of  carbonic  acid  ;  so 
that  0.6  or  0.7  of  a  cubic  foot  of  this  gas  is  given  off  in  this  time, 
supposing  the  man  to  be  awake  and  at  rest.  The  amount  of  carbon 
eliminated  in  24  hours  is  represented  by  a  piece  of  charcoal  weigh- 
ing 8  ounces.  When  at  work,  the  respirations  will  be  at  least  four 
times  faster  and  the  air  required  will  be  60  cubic  feet  an  hour,  and 
the  carbonic  acid  expelled  will  be  2.40  cubic  feet. 

As  to  the  quantity  of  cutaneous  excretions,  few  authorities  give 
availal)le  figures,  and  those  who  do,  differ  widely.  Huxley  states 
that  a  man  exhales  from  the  lungs  12,000  grains  of  carbonic  acid  in 
24  hours,  and  in  the  same  time,  he  throws  off  from  the  skin  400 
grains,  also  300  grains  of  solid  organic  matter. 

Dalton  states  that  in  24  hours  the  quantity  of  carbonic  acid 
amounts  to  0.5  per  cent,  of  that  expelled  from  tiie  lungs ;  and  from 
figures  given,  it  is  deduced  that  the  solid  organic  matter  is  590 
grains.  The  average  per  hour  may  be  assumed  to  be  :  carbonic  acid, 
17  grains  or  3.5  per  cent,  of  that  expelled  by  breathing;  solid 
organic  matter,  15  grains  or  3.0  per  cent,  of  that  expelled  by 
breathing. 

Per  hour. 
Carbonic  acid  expelled  from  limgs  while  working,     .       .     2.40  cubic  feet. 
Carbonicac'id  e.^peiled  from  skin  wbile  working,  3.5  per  cent.    .08  " 

Total  carbonic  acid  expelled  from  lungs  and  skin  while 

working,      .........     2.48 

Solid  organic  matter  expelled   from   lungs  and  skin  while 

working, CO  grains. 

It  is  assumed  that  the  proportion  of  carbonic  acid  in  the  air  of  the 
tunnel  should  not  exceed  0.35  per  cent.  In  order  to  keep  it  at  this 
standard  a  man  will  require: 

*  American  Chemist,  vol.  i.,  p.  loS. 
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700  cubic  feet  of  air  per  hour. 
'  "  per  minute. 


Or, 

11.(5 

For  1  grain  of  organic  matter. 

.        1.5 

Total  required  for  respiration, 

,     13.1 

For  lialf  a  lamp, 

7.1 

Total 20.2        "  "        " 

Or,  the  air  required  for  a  man  and  half  a  lamp  is,  in  round  num- 
bers, 20  cubic  feet  a  minute.  When  the  electric  arc-light  was  used, 
it  was  frequently  found  necessary  to  employ  one  oil-lamp  for  two 
men.  This  woidd  be  a  fair  allowance  in  estimating  air  for  ventila- 
tion. 

A  mule  is  supposed  to  require  six  times  as  much  air  as  a  man,  or 
78.6  cubic  feet.  Since  each  mule  carried  a  lamp,  the  total  air  re- 
quired for  a  mule  was  92.8  cubic  feet  per  minute. 

The  Gasoline  Torch. — On  the  northern  portion  of  the  work,  three 
or  four  of  these  torches  were  used  in  each  heading  and  sometimes  as 
many  as  six  or  eight  by  the  bricklayers;  on  an  average,  one  torch 
served  for  five  men.  On  the  southern  portion  of  the  aqueduct,  they 
were  not  so  extensively  used. 

The  torch  held  about  3|  gallons  of  ga.soline  or  naphtha  (25  pounds) 
and  was  refilled  every  half-shift;  so  it  consumed  about  5  pounds  of 
gasoline  per  hour.  In  the  combustion  of  ga.soline  the  following 
reaction  takes  ])lace : 

C5H12  +  16  O  -=  5  CO2  +  6  H,p. 

72       -I-  256     =  220      -|    108.     Then, 

72  :  256  : :  lib.  gasoline  burned  :  3.56  lbs.  O  required. 

72  :  220  : :  1  lb.  gasoline  burned  :  3.05  lbs.  CO,  produced. 

72  :  108  :  :   1  lb.  gasoline  burned  :    1.5  lbs.  H2O  (aqueous  vapor). 

One  cubic  foot  of  air  at  60°  weighs  0.0763  pound.  The  oxygen 
in  it  =  0.0763  X  23  ^^  =  0.0176  pound.     Hence  the  quantity  of  air 

required  to  furnish  1  pound  of  oxygen  =  =  57  cubic  feet. 

'  ^  ^^  0.0176 

One  cubic  foot  of  carbonic  acid  at   60°  =0.1167   pounds;  or 

1  pound  carbonic  acid  =  8.57  cubic  feet.    Hence  for  the  combustion 

of  1  pound  of  gasoline,  there  is  required,  3.57  pountls  O  x  57  =  203.5 

cubic  feet  of  air.     As  5  pounds  are  burned  per  hour,  17  cubic  feet  of 

air  are  required  each  minute.    The  carbonic  acid  produced  would  be : 

3.05  pounds  CO2  X  8.57  ■=  26.1  cubic  feet,  or,  per  minute,  2.20 

cubic  feet.     To  dilute  this  to  the  standard  would  require  630  cubic 

feet  of  air  per  minute,  or  almost  sufficient  for   32  men  with   16 
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]amj)s.  One  torch  served  for  5  men,  therefore  its  effective  light  or 
work  was  one-sixth  that  furnished  by  the  miners'  lamps. 

The  gasoline  torch  may  be  most  excellent  for  street-peddlers,  but 
is  a  fiendish  device  for  use  in  a  tunnel. 

The  Smoke  and  Carbome  Acid  Produced  by  a  Miner\  Lamp. — 
The  attempt  was  made  to  estimate  approximately  the  amount  of 
smoke  produced.  As  this  depends  upon  the  many  variable  condi- 
tions under  which  the  lamps  may  be  burned,  the  results  of  a  rough 
average  determination  will  answer  the  purpose  as  well  as  a  more 
complete  analysis.  The  lamp  was  weighed  and  placed  in  a  large 
china  plate,  and  enclosed  by  a  cylinder  of  stiff  paper,  24  inches 
high,  so  arranged  as  to  admit  variable  quantities  of  air.  Another 
large  plate  was  suspended  from  above.  Of  course,  much  of  the 
smoke  escaped,  but  that  deposited  on  the  paper  and  plate  was  col- 
lected and  weighed.  The  test  was  made  with  the  ordinary  150° 
kerosene  oil  used  in  the  tunnel. 

The  average  of  six  trials  gave  : 

Soot  collected  per  hour,  ....       23.1  grains,    2.81  per  cent, 
on  completely  burned  per  hour,     .         .     800.1       "       97.19         " 

OH  used  per  hour,  ....     823.2  100.00         " 

In  other  words,  a  miner's  lamp  used  about  2  ounces  of  oil  an  hour, 
of  which  3  per  cent,  went  off  as  smoke. 

The  following  is  the  reaction  occurring  when  kerosene  oil  is  com- 
pletely burned  :  CgH,,  -h  190  =  6CO2  +  7H2O;  or  86  +  304  = 
264  +  126.  Then,  86  :  304  : :  1  pound  of  oil  burned  :  3.53  oxygen 
required;  85  :  264  :  :  1  pound  of  oil  burned  :  3.07  CO^  produced  ; 
86  :  126  :  :  1  pound  of  oil  burned  :  1.46  HjO  produced.  Hence  the 
air  required  for  the  combustion  of  1  pound  of  kerosene  is  3.53  X  57 
=1  201.2  cubic  feet ;  but  the  lamp  iises  per  hour  823  grains  less  3  per 
cent,  in  smoke  =  0.114  pound  ;  the  requirement  of  air  per  hour  is 
therefore  201.2  X  0.114  =  23  cubic  feet. 

The  carbonic  acid  produced  per  hour  is  3.07  pounds  X  8.57  X 
0.114  =  3.00  cubic  feet.  To  dilute  this  to  the  standard  will  require 
854  cubic  feet  of  fresh  air,  or  14  cubic  feet  a  minute.  The  smoke 
amounts  to  23  grains  an  hour,  or  about  0.4  grain  a  minute.  It  is 
assumed  that  the  deleterious  effects  of  organic  impurities  are  one- 
third  greater  than  those  of  the  inorganic.  Tiicn  the  air  required  to 
counteract  the  presence  of  each  grain  of  solid  inorganic  matter 
should  be  0.5  cubic  foot  a  minute.     Therefore,  the  total  air  required 
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for  each  lamp  will  be  14.2  cubic  feet.  A  candle  requires  12  cubic 
feet  per  minute. 

Gas  and  Dust  Formed  by  the  Explosion  of  Dynamite. — It  is 
estimated  that,  per  pound  of  nitro-glycerine  exploded,  4  cubic  feet 
of  carbonic  acid  are  produced. 

The  quantity  of  explosive  used  during  a  shift  was  32  pounds  of 
60  per  cent,  dynamite  in  the  heading  and  38  pounds  of  40  per  cent, 
on  the  bench,  or  in  round  numbers  7  pounds  of  50  per  cent,  rlyna- 
mite  per  hour.  Therefore,  the  air  required  to  dilute  to  the  stand- 
ard proportion  the  2  cubic  feet  of  carbonic  acid  formed  from  the 
explosion  of  1  pound  of  50  per  cent,  dynamite  is  570  cubic  feet  per 
hour,  or  9.5  cubic  feet  per  minute. 

The  absorbent  was  composed  of  wood-pulp,  32.5  per  cent.;  sul- 
phur, 5  per  cent.;  nitrate  of  soda,  62.5  ])er  cent.  This  of  itself 
forms  a  gunpowder,  and  produces  about  as  much  carbonic  acid  as 
the  glycerine.  The  smoke  and  gases  vary  with  different  absorbents. 
When  infusorial  earth  was  used,  it  formed  about  80  per  cent,  of  the 
dope,  and  upon  explosion  was  diffused  as  an  impalpable  powder. 
The  dust  formed  from  this  source  was  0.4  pound,  or  2800  grains 
per  hour,  or  50  grains  a  minute.  According  to  the  absorbent  used, 
we  have  then  the  following  air-requirements  per  minute : 

Cubic  feet  of  air  with  : 
Infusorial  earth.       Wood-pulp,  etc. 

For  carbonic  acid,  ....       9.50  9.50 

For  50  grains  of  absorbent  dnst,  .         .     25.00  9.50 

Total  cubic  feet  of  air  per  minute,  .     34.50  or        19.00 

The  local  conditions  affecting  an  explosion  we  will  not  discuss. 
But  an  allowance  must  be  made  for  the  dust  derived  from  tiie  rock 
after  an  explosion.  This  will  vary  with  the  character  of  the  rock, 
and  whether  it  is  wet  or  dry.  It  cannot  be  even  approximated.  So 
for  ordinary  rock  it  would  seem  proper  to  multiply  the  above  figures 
by  3  or  5,  and,  in  cases  where  the  material  is  very  dry,  to  multiply 
by  6  or  10.  Assuming  the  gases  to  be  uniformly  distributed  during 
ten  hours  for  each  pound  of  50  per  cent,  dynamite  burned  per  shift, 
there  should  be  allowed  100  cubic  feet  of  fresh  air  per  minute,  and 
when  the  rock  is  very  dry,  200  cubic  feet  per  minute. 

Dust  Formed  during  Drilling. — Usually,  in  driving  a  heading, 
at  least  four  holes  are  drilled,  inclining  upward,  so  that  water  cannot 
be  poured  into  them.  From  these  dry  holes  the  dust  is  derived. 
The  holes  are  8  feet  x  1|  inches  diameter;  the  contents,  231  cubic 
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-  =  22  poands.     Assoming  that  one-qaarter 

an  impadpable  poirder,  then  during  the 

^-  -  -       graiis  of  dost  are  derived  from  each 

-linote.     Auoving  0.5  cabic  fi>ot  of  air  for  catch  grain  of 

-    -  '  ''^::nired  per  minate  will  be  50  cobic  feet. 

e  quantity  (^  dost  a  man  inhale  during  a  shift, 
~  -     iz  in  an  <»dinar|r  headii^  maj  be  stated  as  follotrs : 
±  -rre  :?  |m>daeed — 


1^  r>:m  3D  ninei^  bynps.  snot,         ■         ■         .         S  snins  per  ninote. 
-      4drr-]Ka^  .... 


Z,  I  . 


Total  dost  per  ■unsiie.  .    7-5S 

Tbe  workii^-spafee  mar  be  cilealated  s  follows  : 

Headiiig:  am,      ....     1<»  sq.  ft.  x -5<)  =  a3-50  cqImc  feet. 
Ealarged  seoka,  .     *S3     «      X  50  =  14,150 

or,  in  roond  nombas,  19,0(!X)  cubic  feet.     Hence  each  cobic  foot  of 
air-space  contained  about  .01  or  ^^h  grain  of  dust. 

Snppo^i^  a  man  at  each  breath  to  receive  only  half  of  a  full 
dose,  after  ten  hours  he  would  have  inhaleil  into  his  Ino^s  nearly  15 
grains  of  solid  matter.  Physiologists  do  not  state  how  much  a  man 
can  stand,  but  say  that  **  the  suspended  particle  are  drawn  into  the 
air-pase^es  at  each  inhalation,  and  there  find  lodgment  upon  the 
delicate  moooiK  sur&ee  with  which  they  come  in  contact.  The 
irritation  thoe  set  up  disturbs  the  workii^  of  the  lungs,  and,  if 
maintaineu,  eventually  aids  in  organic  disease." 

yir.  C.  Lk  Kalmbacb  made  the  following  experiments  in  the 
tunnel: 

Into  a  beer-boaie,  toe  ixKtom  of  which  was  broken  off,  he  pat 
a  piece  of  spoi^  moiatened  with  glycerine,  about  the  size  of  a  man's 
fi^  Into  the  neck  of  tbe  bottle  be  iiHerted  the  nozzle  of  an  ordi- 
nanr  bof»e  bellows,  each  stroke  of  which  deliveted  about  a  quarter 
of  a  cubic  foot  of  air.  After  26  stroke  of  the  bellows,  or  6|  cubic 
feet  of  air,  had  been  ddivered,  the  spoi^  was  compl^ely  blackened 
and  impregnated  with  smoke  and  dust. 

By  the  foregoing  computations,  baaed  on  the  arbitrary  a%umpdon 
of  uniformly  active  vitiatii^  canses,  we  have  found  the  quantity  of 
fresh  air  Deceaaary  per  minute  to  dilute  the  carbonic  acid  to  the 
required  standard,  and  to  mitigate  the  presence  of  dust. 
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Assuming  a  heading  and  bench  to  be  worked  together  with  lamps, 
and  neglecting  for  a  moment  the  explosions  and  the  dust,  we  have 
the  following  air-requirements  per  minute  :* 


In  Heading. 
Co.  ft. 

OnBeneh. 
Cu-ft. 

Total 
Cn.ft- 

17  men  at  20  cnbic  feet  of  air, 

.   a40 

18  men,  360 

700 

1  male  at  92  ctibic  feet  of  air,      . 

.      92 

92 

lU 

432 

452 

^'A 

Dedact  3  drills  at  45  cabic  feet  of  air,  . 

.    135 

1  driU.  45 

ISO 

Total, 

.    2Sf7 

407 

704 

It  would  be  verv convenient  to  assume  that  the  gases  produced  by 
the  explosions  are  distributed  throughout  the  shift,  and  determine 
the  air  required,  but  unfortunately  the  smoke  and  dust  formed  are 
too  variable  to  permit  any  estimates  of  practical  value. 

The  blasting  was  generally  done  at  the  end  of  each  shift,  so  that 
an  hour  intervened  before  the  work  was  resnme«i.  During  this  time 
the  smoke  61led  the  entire  tunnel.  Occasionally  the  compresged-air 
valve  was  opened,  and  the  heading  thus  cleared  in  a  short  time. 
The  persistence  of  the  smoke  in  the  tunnel  de|)ended  on  the  atmos- 
pheric conditions.  It  often  happened  that  on  a  rainy  day,  or  after  a 
rain,  the  tunnel  was  comparatively  free,  while  on  clear  warm  days 
it  was  so  smoky  that  a  lamp  could  scarcely  be  distinguished  at  a 
distance  of  50  feet.  Doubtless  the  moisture  of  the  air  was  precipi- 
tated as  fosT,  and  much  of  the  trouble  attributed  to  the  smoke  was 
due  to  this  cause. 

Ordinarily,  a  tunnel  3000  feet  long  by  300  feet  in  cross-section 
would  by  natural  ventilation  become  practically  clear,  so  that  a 
light  could  be  plainly  distinguished  at  a  distance  of  150  feet,  about 
ten  hours  after  a  blast.  The  smoke  may,  therefore,  be  said  to  move 
at  the  rate  of  5  feet  a  minute. 

In  artificial  ventilation  of  mines  the  air-current  is  necessarily  con- 
tinuous, and  the  allowed  velocity  is  from  2  to  6  feet  per  seo^nd ;  but 
as  active  ventilation  in  a  tunnel  is  only  required  immediately  after 
a  blast,  it  would  obviously  be  unnecessary  to  establish  a  plant  of 
such  power.  It  is  believed  that  a  fan  capable  of  removing  half  of 
the  smoke,  and  with  it  the  dust  of  the  tunnel,  two  hours  after 
a  blast,  is  all  that  is  necessarv.  Under  these  conditions,  with  a  tun- 
nel of  the  above  dimensions,  the  volume  of  air  required  to  be  re- 
moved per  minute  is  SSOO  cubic  feet ;  and,  as  the  natural  ventilation 


*  For  fuller  infortuation  od  ibis  subject  the  reader  is  referred  to  Andre  oo  "'  Coal 
Mining,'"  and  Angus  Smith  oo  "  Air  and  Bain." 
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removes  1500  cubic  feet  per  minute,  the  capacity  of  the  fan  should 
be  2300  cubic  feet  per  minute. 

The  two  blowers  employed,  when  working  at  145  revolutions  per 
minute,  and  with  all  the  connections  in  good  order,  were  capable 
of  doing  the  above  work,  or  sufficient  for  one  heading.  But,  as 
only  one  blower  was  usually  provided  for  each  shaft,  the  ventilating 
capacity  was  just  half  of  what  was  required.  According  to  the  Miners' 
Act  of  Pennsylvania  and  the  order  of  the  Board  of  Health  of  the 
State  of  New  York,  60  cubic  feet  of  fresh  air  are  required  for  each 
man.  For  mines  this  is  barely  sufficient ;  for  a  tunnel  after  the  smoke 
is  removed  it  is  too  liberal  by  one-half. 

Analysis  of  the  Air  in  the  Tunnel. — The  first  apparatus  used  was 
Owen's  carbonator.  The  principle  of  this  apparatus  is  to  use  a 
variable  quantity  of  air  with  a  standard  solution  of  hydrate  of 
barium  in  connection  with  an  indicator.  The  apparatus  is  fully 
described  in  the  Sanitary  Engineer,  vol.  ix.,  p.  479.  On  account 
of  the,  poor  and  variable  lights  it  was  difficult  to  determine  the 
change  of  color  in  the  tunnel ;  each  experiment  consumed  more 
than  an  hour,  and  the  apparatus  was  too  complicated  to  handle,  so 
after  a  time  it  was  discarded. 

Pettenkofer's  process  was  then  used.  The  principle  is  that  a 
known  volume  of  air  is  made  to  act  upon  a  definite  quantity  of 
standard  baryta-water  (standardized  by  oxalic  acid  solution)  in  such 
a  manner  that  the  carbonic  acid  is  completely  fixed  by  the  baryta. 
The  baryta-water  is  then  poured  out  into  a  cylinder  and  allowed  to 
deposit  with  exclusion  of  air;  a  part  of  the  clear  fluid  is  then  re- 
moved, and  the  baryta  remaining  in  solution  is  determined.  The 
difference  between  the  oxalic  acid  required  for  a  certain  quantity  of 
baryta-water  before  and  after  the  action  of  the  air  gives  a  basis  for 
the  calculation  of  the  amount  of  carbonic  acid  present.* 

The  apparatus  consisted  of  a  Mohr's  burette  with  float,  a  measur- 
ing-glass, some  small  flasks,  and  a  gas-jar  with  a  tight  cover.  An 
anatomical  jar  was  used,  the  convexity  of  the  cover  was  filled  with 
cement,  and  to  protect  it  from  breakage  and  give  facility  of  trans- 
portation, it  was  packed  in  an  open  wooden  box  with  rope  handles. 

The  analysis  was  conducted  as  follows :  the  jar  filled  with  clean 
water  was  taken  to  the  place  in  the  tunnel  where  the  air  was  to  be 
examined,  the  water  was  emptied,  the  jar  wiped  out,  45  cui)ic  centi- 
meters of  previously  standardized  baryta-water  poured  in,  and  the 


*  For  details  see  Freseniiis'  Quanlllative  Anali/sis. 
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cap  secured.     The  operation  occupied  but  a  few  minutes.     The  jar 

was  then  brought  to  the  office  and  the  solution  tested. 

Table  II. 

Analyses  of  Air  of  the  Tunnel  Taken  in  the  Headings. 
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30 

Clear. 

15nI2102 
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2 

30 

" 
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Referring  to  the  above  analyses  taken  in  the  heading  of  Shaft  15, 
which  maybe  considered  as  representing  a  fair  average  of  the  south- 
ern portion  of  the  work,  it  is  seen  that  often,  when  the  ventilation 
was  apparently  very  bad,  the  amount  of  carbonic  acid  was  very  low, 
and  vice  versa. 

With  the  admission  of  450  feet  of  air  per  minute,  or  nearly  twice 
the  quantity  required  for  the  number  of  men  present,  the  proj)ortion 
of  carl)onic  acid  was  diluted  to  0.141  per  cent,  which  is  about  two- 
and-oue-half  times  better  than  the  assumed  standard. 
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At  Shaft  16,  with  partial  ventilation,  the  carbonic  acid  present 
was  0.394  per  cent.,  or  greater  than  the  worst  recorded  condition  of 
a  smoking-car.  At  this  shaft,  when  the  blower  was  not  running, 
and  on  the  northern  portion  of  the  work,  where  natural  ventilation 
was  practically  depended  upon,  the  carbonic  acid  was  0.578 — much 
w'orse  than  any  smoking-car,  but  nearly  a  quarter  less  than  the  aver- 
age composition  of  the  air  of  mines  in  England.  It  is  to  be  regretted 
that  there  was  no  opportunity  to  make  more  tests. 

General  Conclusions. — From  the  foregoing  it  is  seen  that  the  vitia- 
tion of  the  air  due  to  the  respiration  of  the  men  and  the  combustion 
of  the  lights  could  be  reasonably  estimated  and  provided  for.  The 
same  applies  to  the  gases  from  the  dynamite,  but  these  were  accompa- 
nied- by  the  smoke,  which  varied  according  to  the  quantity  of  wood- 
pulp  or  other  carbonaceous  matter  used  with  the  absorbent,  and  even 
according  to  the  loading  and  firing  of  the  charge.  The  dust,  of 
course,  was  a  variable  quantity,  depending  on  the  character  of  the 
rock. 

It  is  believed  that  a  ventilating-power  sufficient  to  remove  half 
the  volume  of  air  contained  in  the  tunnel  within  two  hours  after  an 
explosion  would  have  satisfied  practical  conditions.  After  the  smoke 
was  removed,  30  cubic  feet  per  minute  for  each  man  employed  was 
sufficient.  Chemically  considered,  the  air  in  tiie  tunnel,  though  it 
could  easily  have  been  kept  purer,  was  no  worse  than  in  some  public 
schools,  and  was  not  so  poisonous  as  some  persons  asserted.  The 
real  trouble  was  from  the  smoke  and  dust.  When  artificial  ventila- 
tion was  used,  the  shafts,  with  the  exception  of  Xo.  16,  Avere  pro- 
vided with  only  one  blower  each,  or  half  the  necessary  means;  and 
of  this,  through  carelessness  and  indifference,  only  about  50  per  cent, 
of  the  useful  effect  was  utilized.  The  additional  expenditure  at  each 
of  these  shafts  of  the  comparatively  insignificant  sum  of  $1500,  and 
the  exercise  of  a  little  care  and  humanity,  would  have  insured  decent 
ventilation. 

An  Example  of  Slow  Work — The  Excavation  of  the 

Tunnel  through  the  Soft  Ground  of  Shaft 

13  South  Heading,  Station  773-1-  52. 

First  or  Development  Stage. 

On  June  1st,  1885,  the  tunnel  at  the  foot  of  the  shaft  was  com- 
menced, and  advanced  at  the  rate  of  80  feet  a  month  for  392  feet, 
through  hard  dolomitic  limestone,  which  then  became  softer.     Fif- 
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teen  foet  fiirtlier,  at  station  777  +  59,  on  the  east  side  of  tlie  head- 
ing, a  fissure  was  cut  on  December  9th,  and  the  trouble  began. 
There  poured  out  a  mixture  of  decomposed  limestone,  clay,  sand 
and  dirty  water,  which  soon  partially  filled  the  tunnel  for  125  feet, 
and  amounted  to  about  100  cubic  yards.  After  three  days  the  water 
became  clear,  the  fissure  was  plugged  with  straw,  and  the  heading 
advanced  20  feet  further.  Then,  on  December  22d,  without  warn- 
ing, another  outponr  three  times  greater  than  the  first  occurred. 
The  men  were  driven  out,  and  everything  in  the  heading  for  50  feet 
was  covered  out  of  sight. 

Timbering  of  the  form  shown  in  Fig.  8,  allowing  for  20-inch 
brickwork,  was  then  commenced  at  the  soft  rock.  At  the  end  of 
two  months  the  heading  had  been  cautiously  advanced  34  feet,  to 
778  +  13,  and  seventeen  sets  of  timber  placed,  the  last  two  being 
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First  Stage  of  Work  in  Bad  Ground.     Shaft  13,  South  Heading. 


re-enforced  with  heavy  hemlock  spreaders.  A  bulk-head  was  then 
built  at  the  end  of  the  timbers,  at  778  +  09,  this  being  the  edge 
of  the  soft  ground  on  the  east  side.  The  bench  during  this  time  had 
been  brought  up,  and  was  32  feet  behind,  at  777  -f  77, 
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Second  or  Experimental  Stage. 
For  several  days  the  clay  and  mud  in  the  face  of  the  heading  were 
continually  forced  inwards.  Some  idea  of  the  pressure  may  be  formed 
from  the  fact  that  the  24-inch  oak  logs  used  as  rakers  at  the  bulk- 
head became  so  crushed  after  twenty-four  hours  that  they  had  to  be 
continually  renewed.  A  small  cave  on  the  surface  then  occurred ; 
finally,  on  February  20th,  this  was  followed  by  a  ranch  larger  one, 
about  25  feet  east  of  the  center-line.  It  was  directly  in  line  of  a 
small  stream  which  partly  filled  it  witli  water.  The  stream  was 
immediately  diverted,  and  a  pump  rigged  to  remove  the  water  from 
the  hole.  This  cave  was  supposed  to  be  the  mouth  of  the  original 
fissure,  and  an  abortive  attempt  was  made  to  clog  it  up  by  throw- 
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ing  in  bales  of  hay,  cedar-brush,  logs  and  stumps.  Either  from  the 
fact  that  the  course  of  the  brook  had  not  been  properly  diverted, 
or  by  reason  of  a  sudden  thaw,  or  local  conditions,  this  debris 
gently  glided  down  into  the  tunnel,  completely  filling  it  for  70  i<sQ\.j 
and  gradually  sloping  down  to  a  depth  of  1.5  feet  for  312  feet,  or 
to  within  75  feet  of  the  foot  of  the  shaft.  It  amounted  to  about 
1 189  cubic  yards. 

The  Chih. — Faitii   in   the  theory  of  a  fissure  in  the   limestone  led 
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to  the  plan  of  a  crib  (Fig.  7,  page  715).  It  was  aimed  to  strike  the 
fissure,  which  was  to  be  arched  over,  or  otherwise  closed.  The 
dimensions  were  12x12  feet  on  the  outside.  It  was  built  in  the 
hole,  and  consisted  of  wall-plates  of  Ti-inch  timber  jointed  at  the 
ends,  and  held  apart  by  vertical  posts,  2  feet  10  inches  long,  placed 
at  the  corners,  the  whole  system  being  held  together  by  planks 
spiked  on  the  outside.  It  was  sunk  to  a  depth  of  50  feet,  when, 
hard-jian  occurring  on  the  west  side,  it  began  to  sink  irregularly. 
Sheet-piling  was  then  driven  on  the  east  side,  and  finally,  to  keep 
the  crib  from  toppling  over,  ropes  were  attached  to  the  top  and 
bottom  sets,  and  secured  to  trees  and  posts  on  the  surface. 
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Successive  Drifts  in  Bad  Ground,  Shaft  13,  South  Heading. 

After  three  weeks'  work  and  the  expenditure  of  about  $900  the 
contractors  concluded  that  they  had  expended  the  amount  allowed 
"  for  any  work  they  should  do  on  the  surface,  to  be  paid  after  the 
tunnel  was  through,"  and  stopjied. 

At  this  time  the  diamond-drill  was  brought  up,  and  hole  No.  46, 
station  778  +  87.33  east  of  center-line,  was  sunk  191  feet;  79  feet 
through  gravel  and  boulders,  and  112  feet  in  one  day  through  clay 
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and  mud.  By  reason  of  these  developments  the  work  was  ordered 
to  be  stopped.  Two  years  later,  the  hole  was  filled  up  with  2533 
cubic  yards  of  earth;  the  contract-price  of  $5000  had  to  be  paid, 
and,  to  the  relief  of  all  concerned,  the  crib  was  buried  out  of  sight. 
At  this  time  several  plans  were  proposed.  Among  the  most  feasi- 
ble were  the  following :  Mr.  Charles  M.  Kalmbach,  a  well-known 
tunnel-expert,  proposed  to  drive  a  heading  below  sub-grade  and  fill 
with  concrete;  then  gradually  to  widen  out,  and  thus  obtain  a  foun- 
dation.    The  division  engineer  in  charge,  Mr.  Alfred  Craven,  pro- 
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posed  instead,  a  timber  platform  of  oak  or  Georgia  pine,  upon  which 
the  concrete  should  be  laid,  and  to  change  the  section  from  the 
horseshoe  to  the  circle.  This  was  generally  conceded  to  be  right, 
but  in  the  following  August  it  was  decided  to  use  white  oak  for  the 
platform,  and  return  to  the  horseshoe-section  ;  and  this  plan  was 
formally  approved  January  10,  1887,  but  not  fully  adopted  by  the 
contractors  until  the  year  after.  The  functions  of  the  engineers 
were  confined  to  giving  lines  and  grades,  and  suggesting  plans  to 
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the  contractors,  who  execnted  the  details  of  the  work  in  their  own 
way,  and  assumed  the  responsibility  of  any  miscarriage. 

For  the  next  year  the  work  was  carried  on  with  a  series  of  ex- 
perimental drifts,  conforming  to  no  regular  system  of  timbering,  and 
the  means  adopted  were  entirely  inadequate  to  the  work  in  hand. 

The  First  Z)?-//?.— This  was  started  at  777  +  77,  and  in  two  weeks 
progressed  18  feet.  It  was  driven  within  the  original  heading,  on 
the  west  side.    It  advanced  20  ^i^Qi,  when  the  sand  rushed  in  throuoh 


Fig.  14. 


Station 


Station  778+00 


Scale;  >6  In.'^  1  foot. 
Progressive  Timbering  by  English  Metliod.     Longitudinal  Section  of  Fig.  15. 

a  12-inch  opening,  and  filled  it  up  for  12  feet.  A  bulkhead  was 
then  built  across  the  entire  heading,  and  the  mud  removed,  which 
occupied  three  weeks  longer.  (Figs.  8,  9  and  10,  pages  738,  734 
and  735.) 

About  May  1st,  Mr.  Charles  Sooysmith  visited  the  tucnel  with  a 
view  to  trying  the  freezing-process,  and  it  is  reported  that  he  offered 
to  contract  to  drive  the  tunnel  for  $1000  a  foot. 
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The  next  experiment  was  to  drive  eight  2-inch  pipes  with  perfo- 
rated ends  30  feet  into  the  sand  and  mud,  in  order  to  drain  it.  This 
was  not  a  success. 

The  Second  Drift. — Forty  feet  north  a  sump  was  sunk  8  feet  deep 
on  the  east  side,  and  a  ditch  carried  4|  feet  below  invert-grade,  to 
the   bench  at  +  77.      Here  a  bottom  drift  was  started,  on  the  west 
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Progressive  Timbering  by  English  Metliod.     Cross-section  through  Fig.  14. 


side.  It  was  5  feet  in  the  clear,  and  was  timbered  with  square  sets 
placed  2  to  3  feet  apart;  nineteen  regular  sets  and  ten  intermediate 
sets  were  put  in.  It  was  54  feet  long,  35  feet  through  decomposed 
rock,  the  remaining  19  feet  through  heavy  ground  which  caused  the 
timbers  to  crack.  Finally,  mud  ran  in  as  fast  as  it  could  be  exca- 
vated, so  tiiat  the  drift  was  abandoned  after  eleven  weeJvs' work. 
Figs.  8,  9  and  10,  pages  733,  734  and  735,  show  it  in  section,  ele- 
vation and  plan. 
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The  great  trouble  was  to  drain  this  ground.  Tiie  water  amounted 
to  IGO  gallons  per  minute.  After  ten  months  it  had  not  sensibly- 
diminished,  and,  in  fact,  it  never  did  diminish.  At  lirst  sight,  one 
might  suggest  driving  a  drift  to  the  Saw  Mill  river,  but  unfortunately 
the  bed  of  the  river  was  higher  than  the  grade  of  the  tunnel. 

There  was  some  talk  of  diverting  the  line  of  the  tunnel  to  the 
valley  on  the  west,  and  making  an  open  cut ;  and  with  this  view  a 
topographical  survey  was  made  of  the  ground  between  Shafts  13 
and  14.     This  was  found  to  be  impracticable. 

Fig.  16. 
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Completion  of  Timbering  and  Setting  of  Invert. 

The  work  was  then  abandoned  for  ten  weeks.  Then  the  excava- 
tion was  resumed  and  the  masonry  commenced.  After  seven  weeks 
the  tunnel  was  sufficiently  widened,  and  on  4th  December  the  arch 
reached  777  +  95,  just  18  feet  short  of  where  the  heading  had  been 
nearly  a  year  before. 

During  the  next  four  months,  or  until  April  2d,  1887,  the  follow- 
ing drifts  ,vere  run  (Figs.  9,  10,  11  and  12)  : 
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Drift  No.  3. — East  side  at  grade,  nine  weeks,  27  feet  to  +  22. 

Drift  No.  4. — Top-center,  one  weei\,  8  feet  to  +  13. 

Drift  No.  5. — Center  at  grade,  6  week.s,  24  feet  to  +  32. 

These  drifts  were  no  more  successful  tiian  the  others;  however, 
they  were  widened  out,  the  arch  was  carried  to  778  +  05,  and  the 
invert  and  side-  walls  to  -f  08,  or  the  edge  of  the  soft  ground.  The 
extent  to  which  it  had  been  honeycombed  by  successive  drifts,  is 
shown  in  Figs.  9,  10  and  12. 
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Third  or  Systematic  Stage. 

In  March,  there  occurred  an  entire  change  in  the  management, 
and  on  April  2d,  1887,  M.  Nolan  was  api)ointed  foreman  in  charge. 
The  English  system  was  introduced,  and  the  work  was  completed, 
without  serious  interruption,  in  a  year  and  two  months. 

The  entire  excavation  made  was  allowed  within  the  limit  of  676 
square  feet,  or  26  x26  feet.  This  permitted  the  placing  of  a  2-foot 
timber  platform  and  24  inches  of  brick  masonry.  The  average 
area  excavated  was  507.7  square  feet. 

The  first  two  stretches  of  13  and  12  feet  occupied  respectively 
twenty  and  twelve  weeks.  Against  advice,  a  top-central  drift  was 
first  run  about  18  feet,  and,  as  the  rock  was  found  on  the  west  side,  the 
widening  was  done  from  west  to  east;  about  15  crown-bars  were 
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placed,  and  a  bulkhead  built.  The  bench  was  then  removed  to  4.2 
feet  below  grade.  A  platform  2  feet  thick,  formed  of  cross  and 
longitudinal  timbers  12x12  inches,  was  built.  Upon  this  the  invert 
was  laid,  and  the  masonry  completed. 

In  widening  out  the  second  stretch,  several  of  the  crown-bars  on 
the  east  side  broke,  and  the  weight  of  the  ends  resting  on  the  ma- 
sonry arch  at  4-  18  caused  it  to  crack  for  8  feet.  This  crack  ex- 
tended irregularly  down  the  east  haunch  and  side-wall.  Fig.  18 
shows  the  extent  of  this  defect.  This  difficulty  was  overcome 
by  su})porting  the  arch  with  oak  centering,  and  also  by  placing 
a  large  24-inch  longitudinal  timber  in  the  center, supported  by  posts 
about  6  feet  long  from  the  invert  and  mud-sills.  From  this,  radial 
pieces  were  placed  to  the  crown-bars  above.     Finally,  the  bottom 
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was  removed  and  platform  placed.     The  cracked  portion  of  the  arch 
was  subsequently  rebuilt. 

Top-drifts  were  still  persisted  in,  both  here  and  in  the  heading 
from  Shaft  13  A,  which  had  now  reached  the  other  end  of  the  soft 
ground  ;  but  after  two  weeks'  further  trial  the  foreman  was  finally 
forced  by  the  mud,  sand  and  water  to  abandon  them. 

As  already  observed,  the  English  system  was  finally  adopted,  and 
the  following  is  a  description  of  its  application : 

The  beginning  was  made  4  feet  north  of  the  soft  ground. 

The  first  54  feet  (778  +  05  to  778  +  45,  40  feet,  and  779  +  19 
to  779  +  05,  14  feet),  as  before  mentioned,  were  worked  from  the 
top,  down  ;  the  remaining  60  feet  from  the  bottoui  up. 

Referring  to  Shaft  13  :  on  January  28th,  1888,  the  excavation  and 
masonry  had  reached  778  +  45,  and  a  small  preliminary  bottom 
drift,  2  feet  by  3  feet,  was  driven  through,  connecting  both  headings, 
and  the  top  drift  from  the  driving  of  the  previous  section,  was  at 
Station  778  +  55. 

Tlie  First  Operation. — The  lower  drift  was  enlarged  to  6  feet  by 
8  feet  for  a  distance  of  25  feet.     (A,  Fig.  13,  page  738.) 

The  Second  Operation. — Widening  out  of  the  drift.  Bearing-bars, 
B  (Fig.  13),  20  feet  long,  were  placed  under  the  caps,  and  were 
supported  by  posts,  resting  on  longitudinal  sills,  66.  The  operation 
of  widening  out,  on  either  side  as  most  convenient,  was  then  done, 
and  the  bars,  posts  and  sills  (c,  c,  c,  f/,  d,  d  and  e,  e,  e)  placed.  The 
process  of  widening  is  shown  on  the  left  of  the  drawing.  Fig.  13. 

The  Third  Operation. — The  placing  of  the  timber  platform.  The 
previous  operation  being  well  advanced  or  completed,  sheet-piling 
was  driven  down,  5  or  6  feet  outside  of  the  sills  6,  6,  e,  e,  etc.,  and 
the  enclosed  spaces  were  excavated  in  pockets  to  a  depth  of  4.5  feet 
below  invert-grade,  for  a  length  of  18  feet,  and  as  wide  as  possible, 
generally  10  or  15  feet.  Posts  6',  e',  etc.,  placed  at  intervals  meas- 
uring 7  feet.  Figs.  13  and  14,  resting  on  foot-boards  in  the  mud,  now 
support  the  system.  Sheet-piling  (F,  Fig.  14),  3  or  4  feet  long,  was 
then  driven  across  the  bottom  of  the  excavation  about  15  feet  in 
advance  of  the  completed  invert.  This  prevented  the  mud  from 
being  pumped  out  from  beneath  the  platform  during  the  construc- 
tion of  the  succeeding  section.  The  longitudinal  sills,  G,  in  varia- 
ble lengths  up  to  15  feet,  were  then  placed  in  the  excavated  spaces 
between  the  posts,  b'  b'  b'  e' ,  etc.  Underpinning  was  then  employed 
in  order  to  get  the  longitudinal  sill  in  the  space  interrupted  by  the 
line  of  posts.     Immediately  behind   the  first  post,  a  cross-sill  (H, 
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Fig.  13)  6  feet  long  was  placed  ou  blocks  6  inches  above  the  sills  in 
place.  The  weight  was  transferred  to  this  and  the  first  post  removed. 
The  second  post  was  removed  in  a  similar  way.  The  third  post  was 
supported  by  stl-nts  (X,  Figs.  13  and  14).  The  sill,  G,  in  the  vacant 
space  was  in  half-lengths  and  was  slijiped  into  place  as  shown  in 
Fig.  14.  The  cross-sills,  H,  were  then  placed.  The  sills  put  in 
were  as  long  as  circumstances  would  allow,  and  arranged  to  break 
joints.  The  posts,  e'  (Fig.  16),  on  the  outside,  could  seldom  be 
removed  ;  and  longitudinal  pieces  were  phiced  between  them.  The 
excavated  space  ahead  of  the  platform  was  used  as  a  sump  for 
pumping. 

The  Fourth  Operation. — The  platform  being  completed,  the  cross- 
beams, J  (Fig.  15),  suj)ported  by  the  inclined  posts,  /c,  k,  were  placed 
about  3  feet  between  centers  under  the  bearing-bars,  B  and  C,  and 
well  wedged  up.  The  posts  and  sills,  6,  6,  c?,  e,  and  e'  were  removed, 
and  the  central  portion  of  the  invert  built  between  K  K,  which  were 
replaced  by  L  L  (Fig.  15),  and  the  remainder  of  the  invert  and  2  feet 
of  side- wall  and  backing  was  built  (Fig.  16,  })age  741). 

While  the  masonry  was  being  built,  the  top-heading,  M  (Fig. 
15),  was  advanced  15  feet  to  -j-  70. 

The  Fifth  Operation. —  The  crown-bars,  Rj  Rg,  etc.  (Figs.  15 
and  16),  were  placed.  The  back  ends  rested  on  the  arch  already 
built,  and  the  heading-ends  of  the  first  two  were  supported  by  the 
posts,  P  (Fig,  17),  resting  on  the  cross-sill,  O,  and  two  longitudinal 
sills,  N,  j>laced  in  the  top-heading  (Figs.  15, 16  and  17).  The  excava- 
tion was  carried  down  and  out  at  the  same  time,  and  the  other  bars 
were  supported  by  the  struts,  Q,  resting  on  the  bearing- bars,  B,  C,  etc. 
(Fig.  15).  The  large  beam,  S  (Figs.  16  and  17),  24  inches  by  24  inches, 
26  feet  long,  was  then  placed  ahead  of  the  invert,  and  supj)orted  by 
posts  resting  on  sills  in  the  bottom,  and  strutted  back  to  the  invert 
by  the  rakers,  u.  Posts,  T,  were  placed  under  the  crown-bars  and 
set  upon  this  sill,  which  also  served  as  a  bearing  for  the  bulkhead 
against  the  mud  in  the  face.  When  the  section  was  comj)leted,  the 
sill  was  cut  off  and  removed,  the  ends  being  built  in.  To  support 
and  strengthen  the  crown-bars,  the  segmental  timbers,  v,  supported 
by  posts  resting  on  foot-blocks  on  the  masonry  already  built,  were 
put  in,  one  or  two  feet  apart  as  necessary.  The  sidewalls  and  the 
arch  were  finally  constructed.  No  attempt  was  made  to  withdraw 
the  crown-bars. 

This  was  the  general  order  of  operations  which  were  varied  in 
their  successive  stages  according  to  circumstances. 
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Table  III. 

Showing  in  Detail  the  Time  Occupied  by  the  Different  Operations,  as 

Above  Described. 


Date. 


1888. 
Jan.  28... 
Feb.    4... 

"  18... 
"  25... 
Mar.  3... 
"  3... 
"  17... 
"    24... 


"    31... 

Apl.  14... 

"     21... 

"     28... 
May   5... 


Weeks. 


Work 
Below  Spring-Line. 


Dri ft  2 ft.  X  3 ft.,  778+75 
Drift  widened, 

6  ft.  X  8  ft.,  778+70 
Platform  built,  778+60 


Work 
Above  Spring-Line. 


Masonry. 


Heading 778+55 778+45 


Widening  drift 

Platf 'ra  flnish'd,     +75 


Drift 778-f-fi2  Invert  completed. ..778+60 

778+70 


widened  ...778+50 
"  &eomp.778+60 


Sidewalis  and  arch  778+60 


Drift 778+75' 

Widening  out Center  of  invert  built 

"    Inv't  &  2  ft.  S.  wall. 778+75 

Cr'n  bars  placed,  ■'  +78 

Arch  &  S.  wall  comp...+75 


There  is  no  published  record  of  a  tunnel-foundation  having  been 
built  as  described  above. 

At  first  some  difficulty  was  caused  by  carelessly  removing  the 
sheeting  in  front  of  the  invert  and  allowing  some  of  the  material 
beneath  to  be  pumped  out,  thus  undermining  it.  Some  of  the  crown- 
bars  on  the  east  side  were  broken,  and  some  placed  too  low.  They 
were  cut  out  and  replaced  by  segmental  arches  of  oak,  and  finally 
these  arches  were  always  u.sed  to  relieve  the  weight  of  the  crown- 
bars  on  the  brick  arch  ;  and  as  a  precautionary  measure,  the  last 
five  stretches,  one  of  them  in  13  A,  were  built  in  this  manner.  The 
heading  being  opened  through  to  13  A  for  four  months,  obviously 
drained  and  facilitated  the  latter  portion  of  the  work. 

The  last  stretch  was  finished  at  6  p.m.,  Friday,  June  1,  1888. 

According  to  a  most  liberal  estim  ite,  including  the  cost  of  sinking 
Shaft  13  A,  the  cost  for  110  feet  was  at  the  rate  of  $416.00  per 
foot.  The  amount  piid  for  this  work  was  at  the  rate  of  $539.00  per 
foot. 

Fig.  19  shows  a  general  longitudinal  section,  and  the  progress  of 
the  work;  and  Fig.  20  is  a  graphic  record. 
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Table  IV. 

Progress  through  Soft  Grovnd,  Shaft  33,  Sovth  Heading.     (Sia.  773  +  52.) 

FIRST,  OR  DEVELOPMENT  STAGE. 

Date. 

WEEKS 
WOUKED.     j 

HEAD- 
INGS. 

I.INEAL 
FEET. 

BENCH. 

Remarks. 

o  S 

z  ^ 

"5 

Sta. 

ad 

an 

Sta. 

i 

be 

e 

Dec.   9,  '85 
"     12,  '85 
"      19,  '85 

Feb.  IS,  '86 
Totals 

777+44 
4  59 
+66 
4  79 

778+13 

2 
15 

7 

13 
34 

392 

407 
414 

427 
461 

Soft  limestone  begins. 
Fit-sure  2  feet  wide  on  east  side. 

Outpour  of  mud  and  water.    Men  driven  out. 
Timbered  from  777  +  44  to  end  of  heading. 

776491 

4 

1 
4 
5 

1  . 

8 

9 

777  4  37 
7774  77 

SECOND,  OR  EXPERIMENTAL  STAGE. 

Feb.  13,  '86 

Apl.  17,  '86 

May    1,'86 

"      29,  '86 

Aug.   7,  '86 
Oct.   16,  '86 
Dec.    4.  '86 

Jan.  29,  '87 
"     22, '87 
"     '29,  '87 

Feb.    1,  87 
"      1'2.  ,87 

Mar.  19.  '87 

Apr.    2,  '87 
Totals, 

9 
...„. 

"io" 

...„. 

11 

7 
7 

9 
2 
3 

11 
10 
7 

7 

;;777  +  77 
777+95 

0 
18 

Building  crib  and  rcmoviTig  mud. 

Drift  No.  1.     Top  drift  west  side.    MeLear,  Supt. 

Driven  out,  and  bulkhead  built  at  +  92.     Cleaning 

out  mud  luid  trying  driven  wells. 
Drift  No.  2.    Lower  west  drift.    Abandoned. 
No  work  of  excavation.    jMiis(inry  eonimenced. 
Bulkhead  removed  and  arch  extended. 

Drift  No.  3.    East  side  at  grade.    Abandoned. 

Drift  No.  4.    Top  central. 

Abandoned. 

Madddx  took  charge. 

Cleaning  out. 

Drift  No.  5  too  high,  and  no  benefit.     Abandoned. 

778+31 

54 
0 

"443 

"453 
461 

Arch. 

777445 
495 

778+05 

...„ 

50 
10 

777495 

778  +  22    27 
778+05 

778+13 

8 

2 
6 
2 
32 



•> 
6 
•? 

24 

27  1  59 

1 

THIRD,  OR  SYSTEMATIC  STAGE. 

• 

Apr.    2,  '87 
Aug.  20,  '87 
Oct.   12,  '87 

Jan.  28,  '88 
Mar.  24,  '88 
May   5, '88 
June  1,  '88 
Totals 

778  '-05 
+18 
+30 

+45 
+60 
+75 
+90 

"is" 

12 

15 
15 
15 
15 
85 

453 
466 

45s 

493 
508 
523 
538 

Is 

Foreman  Nolan  took  charge. 
Invert  was  3  feet  in  advance. 
Top  heading  driven  fir  t. 

Bottom  heading  driven  first. 

Small  drift  (2  ft.  x  3  it.)  connects  shafts. 

Bottom  heading  driven  first. 

Average  progress  per  week,  1.4  ft. 
Commenced  to  sink  shaft  13A.    (Sta.  779  +  96). 

Top  heading  driven. 
Bottom  heading  driven. 
JAverage  progress  per  week,  2.07  ft. 

:::::: 



20 
12 

11 
8 
5 
4 

00 

Dec.    4,  '86 

■'      17,  "87 

Feb.  25,  "88 

Mar.  24,  '88 

Totals 

= 



10 
4 

"io 

4 
14 

779  f  19 

+05 

778  (  90 

"14" 
15 
114 

77 
91 
106 

From  the  foregoing  table  we  see  that  the  first  or  development 
stage,  December  9th,  1885,  to  February  13tli,  1886,  occupied  9 
weeks;  the  second  or  experimental  stage,  February  13th,  1886,  to 
April  2d,  1S87,  59  weeks;  the  third  or  systematic  stage,  April  2d, 
1887,  to  June  1st,  1888,  60  weeks,  lor  14  weeks  of  which  the  work 
was  prosecuted  at  both  ends. 
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Notes  on  the  Time  and  Cost  of  Drilling  through  Different  Materials 
with  the  Diamond  Drill. 

This  work  was  clone  for  the  purpose  of  exploration  on  the  line, 
between  Shafts  13  and  14.  The  materials  passed  through  were  clay, 
gravel,  boulders,  decomposed  and  hard  gneiss  and  limestone. 

There  were  fourteen  different  holes  bored,  the  aggregate  depth  of 
which  was  2084  feet.  A  daily  record  was  made  of  the  material 
passed  through,  as  shown  by  the  following  table: 

Table  V. 


o 

.a 

O 
1 

Date. 

5 

i 

4 
4 
4 
4 
4 
4 
4 
4 
4 

Clay  & 
Gravel. 

Bould- 
ers. 

Soft 
Rock. 

Hard 
Rock. 

■< 

9 

191 
195 
174 
160 
137 
135 
99 
I'A 
156 

"S 
0 

5 

7 
16 

8 
12 
15 
00* 

VJ* 
15 

■s 

29 
18 
29 
33 
14 
44 
24 
22 
24 

1 

Q 

1 

1 
1 

1 
1 
1 
1 
1 
1 

21 

26 

i 

2 
9 

■5 

141 
151 
23 

79 
28 
22 

.55 
73 

2 
4 
2 
3 
1 
1 
...„. 

1 

A 

46 
47 
48 
49 
50 
61 
52 
53 
54 

55 
56 
54 
57 

58 
59 

March  23-27 

"      29  to  Aprils 

April  6-23 

21:     2 
■48     2 
18     1 
33     3 
6-5     6 
77    12 
59    11 

101 

77 
36 
10 

7 
...„. 

3 

1 
1 
2 
2 

1 

3 
1 
1 
5 
13 

"    26  to  Mav  3 

May  6-15 

June  6-30 

July  27  to  Aug.  ii" 

2 

Aug.  20  to  Sept.  10 

Supt  13-21 

I 

5 
5 
5 
5 
...„. 

4 

19 
34 

"27 

"16 

18 

351 

1 
1 

"i" 

"i" 
1 

14 

71     8 
40,     3 

■'23  "4" 
572   63 

47 
98 
13 

'"47 
37 

814 

1 
t 

"T 
2 

29 

6 

"  "i 

52 

"53 
11 

347 

.1. 
1 
5 
...„. 

1 
7 

1 

•"2 
1 

15 

8 
13" 

2 
4 

54 

143 

172 

14 

149 

139 

19 
9 
16 

14 

'•     22  to  Oct  9 

Oct  11-SO 

Nov.  1-12  (11  days) 

Nov   13-29 

Nov  30  to  Dec.  9 

66^     9 
2084,  2{M 

Totals 

1 

1 

*  Water  short. 


The  work  was  commenced  March  23d,  1886,  and  continued  until 
December  10th,  1880.     This  time  was  distributed  as  follows : 

Days. 

Actually  working,  ,.189 

Moving  drill, 1^ 

204 

Idle, • 18 

Holidays, 2 

Sundays, 37 

Total, 261 
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Table  VI. 

Compiled  from  the  Daily  Beports — the  Time  Occupied  by  the  Different 
.   Operations  being  Actually  or  Proportionally  Charged  to  the  Quantity 
of  Material  passed  throngh. 


MATERIAL. 

Work  performed. 

Time  consum 

ed,  days. 

Av.  no.  ft. 
per  day. 

Holes. 

o   . 

S3. 

a 

> 
0 

c 

0 
0 

bio 

C 

"3 
0 

t 

CJ 

u 

Pi 

C  a) 
S  a 
rs  0 

■a 
3  . 

M 

1 

a 

Clav  and  gravel 

851 
572 
814 
347 

17 
27 
39 
17 

14 
63 
29 
29 

25 
9 

28 
12 

6.5 
6.0 
2.5 

54 

137.5 
35.0 
31.5 

68 
11 

6.7 
23.1 
11.1 

14 

149 

2084 

100 

15.0 

135 

54 

204.0 

100 

10.2 

From  the  above  the  following  is  deduced  : 

Daily  Progress. 
Ratio.  Feet. 

Hard  gneiss  (taken  as  standard  unit),         .        .  1  11  to  12 

Decomposed  gneiss, 2  to  2.3      23.1  to  28 

Clay,  gravel,  and  boulders, 0.6  to  0.75      6.7  to    9 

Clay  and  gravel, 2.1  25 

COST   PER   FOOT. 
Labor,  Teams  and  Coal. 
1  foreman,  243  days,   8.1  months,  at  $125,  |1,012  50 

1  assist,  foreman,     "       "        "         "        "       70,        567  00 
4  men,  "      "         "        "         "       65,     2,206  00 

Teams,  etc.,  moving, 80  00 

$3,865  50 

Coal,  189  days  drilling  and  casing,  66.72  tons,   .        ,        .  359  50 

Supplies  and  Repairs, 
Am.  Diamond  Rock  Boring  Co.,    .        •       .        .        471  75 

Foundry, 291  50 

Lumber, 22  50 

Rope, 22  50 

Lard  oil, 8  05 

816  30 

Interest  on  plant,  $6,000  at  12  per  cent.,  8.1  months,       .  486  00 

Total 5,527  30 

Renewing  diamonds, 250  00 

Diamond  drill-bit  lost 300  00 

550  00 

Total,  204  days  in  use, $6,077  30 

Average  per  day, 29  79 

Average  per  foot, 2  91 
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Table  YII. 
Cost  per  Foot  of  Drilling  in  Different  Materials. 

Total  No.  of   Cost  per 

Material.  cost.  feet.        foot. 

Clay,  gravel,  and  boulders,  68%  X  5,527.30  =  $3,758.56  —■  923  =  $4.07 

Decomposed  gneiss,                17%  X  5,527.30  =      939.64  H- 814  =    1.15 

Hard  gneiss  and  limestone,  15%  X  5,527.30  =      829.10  i    oio-c)io-^S47 3  Q7 

Diamonds  and  bit  lost,  550.00  j 

$6,077.30 
The  items  that  make  up  the  cost  per  foot  may  be  divided  as  fol- 
lows : 

Per  cent. 

Labor, 70 

Coal, 7 

Repairs  and  supplies, 15 

Interest, 8 

100 
As,  in  general  practice,  the  holes  would  be  probably  much  deeper, 
and  the  cost  of  labor  about  20  per  cent,  less,  the  above  figures  may 
be  accepted  as  having  a  liberal  margin  of  excess. 

RECAPITULATION. 

Taking  hard  gneiss  as  a  standard,  calling  it  unity,  we  have: 

Daily  Progress.  Cost  per  foot. 

Hard  gneiss,  1  =  11  to  12  ft.  1       =  $3.97 

Decomposed  gneiss,  2  to  2.3  =  23.1  to  28.  ft.       0.3    =    1.15 

Clay,  gravel  and  boulders,      0.6  to  0.75  =  6.7  to  9  ft.       1.03  ^    4.07 

Average, $3.06  per  foot. 

The  Big  Run  in  Shaft  15,  South  Heading. 

In  the  north  heading,  during  9  weeks  previous  to  this  run,  567 
feet  were  made,  and  some  timbering  was  done  also. 

The  south  heading,  during  10  weeks,  had  been  advanced  730  feet, 
and  runs  of  90,  83  and  82  feet  per  week  were  made.  The  subse- 
quent removal  of  the  bench  for  this  distance  required  21  weeks. 
The  rock  was  a  hard,  compact  gneiss,  with  close  seams  and  occa- 
sional streaks  of  quartz;  the  general  stratification  was  along  the 
axis  of  the  tunnel.  The  men  of  their  own  accord  decided  to  break 
the  record. 

No  apparent  preparation  was  made  beyond  obtaining  a  larger 
supply  of  powder.  The  work  in  the  north  heading  had  been  discon- 
tinued two  weeks  before.  The  point  selected  for  the  trial  was  3193 
feet  from  the  shaft  and  about  3400  feet  from  the  compressor. 

Tlie  plant  consisted  of  one  duplex  Rand  compressor,  Class  "B," 
supposed  to  deliver  1325  cubic  feet  per  minute, at  80  pounds  pressure. 
The  air  was  conveyed  through  5-inch  and  4-inch  j)ipe  ;  the  loss  of 
pressure  due  to  leaks,  friction,  etc.,  was  about  15  pounds.  Three 
Slugger  drills  wore  used. 
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The  work  was  carried  on  continuously  in  nominally  10-hour 
shifts,  with  the  same  gang  of  men.  One  shift  was  lost  by  the  men 
being  disabled  by  powder-smoke. 

Ordinarily  the  work  of  a  10-hour  shift  was  divided  as  follows: 

Mucking  out,  7  to  9.30  A.M., 2J  hours. 

Drilling  from  9.30  to  4.30  P.M., 6        " 

Charging  holes  from  4.30  to  5  p.m., i    hour. 

Firing  from  5  to  6  p.m., 1       " 

10  hours. 

Tiie  following  is  the  record : 

1887,  March  19th  to  26th.  Station  922  -f  44  to  923  +  46.1=^ 
102.1  feet;  area,  145.5  square  feet,  making  the  total  excavation  550 
cubic  yards.     Number  of  drills,  3  Sluggers, 

Feet. 
80 
.        .  96 


Depth  of  holes,  8  center-cut,  10  feet  deep, 
12  side-cut,  8  feet  deep. 


Total  feet  drilled  for  each  blast, 


176 


Number  of  blasts,        .... 

Total  feet  drilled  in  all,      . 

Feet  drilled  [)er  cubic  yard. 

Pounds  of  powder  used. 

Pounds  of  powder  used  per  hole, 

Pounds  of  powder  used  per  cubic  yard. 

Average  advance  per  blast. 


13 

2288 

4.16 
2200 

8.46 

4 

7.86 


About  25  per  cent,  of  the  muck  was  left  in  the  tunnel. 

The  credit  of  organizing  and  executing  this  work  is  due  to  the 
men  themselves,  who  received  no  extra  pay.  The  contractors  claim 
to  have  lost  money  by  the  operation.  The  following  is  a  statement 
of  cost : 

Average  Cost  of  the  Driving. 


Per 

Total  for 

Per  cubic 

Inside  labor  : 

shift. 

13  shifts. 

yard. 

Drilling  and  blasting ; 

1  heading-boss, 

$3.25 

3  drillers. 

7.50 

3  helpers. 

5.25 

1  nipper, 

1.00 

1  powderman, 

1.00 

$234.00 

$  18.00 

$0.42 

Mucking  and  handling: 

1  muck-boss,  . 

$2.50 

9  muckers. 

13.50 

16.00 

208.00 

0.50 

Carried  forward, 

$442.00 

$0.92 
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Brought  forward, 

Transportation : 

3  drivers  and 

mnles, 

. 

1  trackman, 

. 

. 

2  sumpmen, 

. 

• 

Outside  Labor  : 

Shaft : 

2  bellmen. 

• 

. 

2  topnien. 

. 

• 

Power,  etc. : 

1  engineer, 

per  week, 

$15.00 

1  engine-driver,     " 

9.00 

1  fireman, 

i( 

12.25 

1  machinist. 

half-week, 

7.00 

1  blacksmith, 

per  week, 

15.00 

1  blacksmith 

s  helper,  " 

10.00 

1  carpenter,  half-week, 

7.50 

1  time-keeper,  per  week. 

14.00 

1  electrician. 

half-week. 

6.00 

Per 

shift. 


6.75 
1.50 
1.50 

9.75 


1.50 
1.50 

3.00 


Total  for       Per  cubic 
13  shifts.  yard. 

$442.00  $0.92 


126.75  0.31 


39.00  0.09 


36.25  0.07 


General  foreman,  per  week,  $35.00 

Total  labor, 
Sundries  : 

5  tons  of  coal,  at  $5;00,  7  days, . 

Oil  and  candles,  .... 

Steel, 

Powder  : 

2100  ponnds  rackarock,  at  16.}  cts.,    . 
100       "        J.  L.  aqueduct  powder, 


59.50 

0.11 

35.00 

0.06 

$738.50 

$1.56 

$175.00 

12.50 

5.00 

192.50 

0.35 

$346.50 


at  16J  cts.,    . 

. 

16.50 

363.00 

0.65 

Total  labor  and  supplies, 
itulation :   Cost  per  Ciibio 

$1294.00 
Yard. 

$2.56 

liecap 

Inside  labor  : 

Drilling  and  blasting,    . 

.     $0.42 

Mucking, 

. 

.      0.50 

Transportation, 

.      0.31 

$1.23 

Ovtside  labor  : 

Shaft,     . 

.      0.09 

Engineers,  etc., 

.      0.07 

Incidentals,    . 

.      0.11 

General  foreman,  . 

.      0.06 

0  33 

$1.56 

Fnel,  etc.. 

,                , 

0  35 

Powder, 

. 

0.65 

Interest,  etc.,  on  plant,. 

0.37 

1.37 

Total 

•                •                • 

.        , 

$2.93 
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Table  VIII. 

Log,  Supplied  by  the  Contractors  at  Shaft  No.  15,  somewhat  Extended 

for  Comparison. 
Lengtli,  102.1  linear  feet.     Area,  145.5  square  feet.     Eock  broken,  550  cubic  yards. 


Date. 

No.  of 
Shot. 

Commenced 
Firing. 

Firing. 

Drilling, 
etc. 

Total 

Time 

between 

Blasts. 

No.  Cars 
of  Rock. 

March  19,  1SS7 

1. 

2 

3 

4 
5 

5.30  P  M   

Hours. 
0..50 
0.50 
1.50 
1.10 
0.30 
0.40 
0.40 
0.50 
14.10 

Powder- 
0.35 
0.50 
0..55 
0.40 

Hours. 
10.30 
11.10 
9.50 
11.30 
11.00 
11.30 
10.30 
11.10 
11.00 
smoke. 
12.00 
11.20 
10.05 
11.35 

Hours. 
12.00 
12.00 
14.00 
13.00 
13.00 
13.00 
13.00 
12.00 
14.10 

12.00 
13.00 
12.00 
12.00 

50 
50 
57 
62 
60 
54 
66 
74 
86 

66 
73 
56 
66 

"       2(1,     "    

0.10  A  M 

"        20,     "     

4.50  P.M 

"        21,     "     

21,     "    

'  .30  A  M 

G.OO  P.M 

"       22,     "    

6 
7 
8 
9 

(i  30  A  M 

«        .)0       •• 

5..Sfi  P.M 

23,     "    

fi  10  A  M 

"       23,     "    

6  00  P  M 

"       24,     "    

10 
11 
12 
13 

I'i.sabled  by 
7  00  P  M 

2i,     "    

6.20  A. M 

"       25,     "    

5  05  I'.M  .... 

"      26,     "    

Go5A.M    

820* 

*  Equal  to  only  410  cubic  yards  of  material  mucked  out. 

The  Big  Run  in  Shaft  16,  North  Heading. 

Station  930  +  16,  which  was  3886  feet  from  the  shaft,  was  selected 
as  a  favoral)le  jioint  at  wliich  to  make  the  attempt  to  break  the  record. 
The  rock  was  hard,  tine-grained  mica-schist,  free  from  open  seams, 
and  practically  the  same  as  that  encountered  700  feet  north  in  Shaft 
15,  when  the  big  run  was  made  there.  In  10  weeks  previously,  the 
heading  had  advanced  469  feet. 

The  suKsequent  removal  of  the  corresponding  bench  required  17 
weeks.  Tlie  plant  was  the  same  as  that  at  Shaft  15,  but  better 
arranged  and  probably  in  better  condition.  It  had  been  carefully 
overhauled,  and  the  machinery  and  tools  had  been  put  in  perfect 
order.  A  supply  of  60  per  cent,  powder,  made  by  a  special  formula 
for  the  occasion,  was  obtained.  The  best-trained  men  were  engaged, 
and  all  means  known  to  art  and  force  were  combined  for  the  su- 
preme effort.  Tiie  work  was  pushed  to  the  utmost,  not  only  by  the 
foreman,  but  by  the  three  sub-contractors  in  person,  for  7  days  or  168 
hours ;  during  this  time  an  hour  and  20  minutes  were  lost  on  account 
of  the  "air-tank  taking  fire,"  and  two  strikes  of  the  laborers.  Though 
the  force  was  divided  into  10-hour  shifts,  yet  as  soon  as  a  man  be- 
came exhausted  he  was  replaced  by  another. 

It  is  claimed  by  the  sub-contractors,  Messrs.  Denton,  Breuchaud 
and  Pennell,  that  if  they  had  not  been  impeded  by  the  muck  they 
could   have  fired  another  shot. 
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The  bottom  of  the  heading  was  about  3.8  feet  above  the  spring- 
line.  Area  of  heading  above  spring-line,  126  feet;  area  of  bench 
below  spring-line,  326  feet. 

The  following  is  the  record  : 

1887,  July  16th  to  23d.  Sta.  930  -f  16  to  928  -f  89  =  127  feet; 
area  125.6  ;  cubic  yards,  591.  Distance  from  compressor,  3965  feet. 
Loss  of  pressure,  20  pounds.  2  Rattler  drills,  each  using  530  cubic 
feet  of  air  per  minute. 


Holes  drilled  per  shot,  center-cut,  8  holes  8j  feet  deep, 
side-cut,  10  holes  8  feet  deep,  . 


18  shots,  324  holes,      .... 
Feet  drilled  per  cubic  yard. 
Total  pounds  powder  used, 
Pounds  powder  used  per  cubic  yard, 
Pounds  powder  used  per  hole,  . 
Advance  per  blast,      .... 


Feet. 
68 
80 

148 
Feet. 

2664 
4.33 

2050 
3.46 
6  33 
7.05 


Table  IX. 
Log,  supplied  by  the  Contractors  at  Shaft  No.  16. 

Length,  127  linear  feet.  Area,  125.6  sq.  feet.  Rock  broken,  591  cubic  yards. 


Date. 

o 
c» 

o 
d 

Com- 
menced 
work. 

a 

bio 
C 

a 

. 

60 

a 
1 

s 

60 

a 
•E 

03 
<0 

O 

Time  bet. 
Shots. 

1887. 

Hrs.  Min. 

Hrs.  Min. 

Hrs.  Min. 

Hrs.  Min. 

Hrs.  Min. 

1 
Hrs.  Min.i 

July  16 

1 

10.00  A.M. 

1      30 

5      00 

0     30 

1      30 

0      30 

9     00    1 

2 

7.00  P.M. 

2      30 

5      30 

0      30 

2      30 

1      00 

12      00 

"      17 

3 

7.00  A.M. 

2      00 

5      00 

0      30 

1      00 

0      15 

8      45 

4 

3.45  P.M.... 

3      15 

4      45 

0      15 

1      00 

0      15 

9      30 

"      18 

5 

1.15  A.M.... 

2      00 

5      30 

0      15 

1      00 

0      15 

9      00 

6 

10.15  A.M.  .. 

2      15 

5      00 

0      30 

1      00 

0      15 

9      00 

7 

7.15  P.M.... 

2      15 

5      00 

0      30 

1      00 

0      30 

11      45 

"      19 

8 

7.00  A.M.... 

2      30 

5      30 

1      00 

0      45 

0      15 

10      00 

9 

5.00  P.M.. .. 

2      30 

6      00 

0      30 

1      00 

0      15 

10      15 

"      20 

10 

3.15  A.M., 

2      15 

4      45 

0      30 

1      00 

0      15 

8      45 

11 

12.00  M 

1      30 

4      30 

0      15 

0      45 

0      15 

7      15 

12 

7.15  P.M.... 

2      00 

4      45 

0      15 

1      15 

0      15 

8      30 

"      21 

13 

3.45  A.M.... 

1      15 

4      30 

0      15 

0      30 

0      15 

6      45 

14 

10.30  A.M.... 

1      30 

5      30 

0      30 

1      00 

0      30 

9      00 

15 

7.30  P.M.... 

2      30 

5      30 

0      30 

0      45 

2      15 

11      30 

"      22 

16 

7.00  A.M.... 

2      30 

5      00 

0      30 

1      00 

0      30 

9      30 

17 

4.30  P.M.... 

2      30 

6      30 

0      30 

0      45 

0      15 

10      80 

"      23 

Total 

18 
18 

3.00  A.M.... 

1      30 

4      30 

0      15 

0      30 

0      15 

7      00     i 

38      15 
2      08 

92      45 
5      09 

8      00 
0      27 

18      15 
1      00   . 

10      45 
0      36 

168      00 
9      20 

Average  j 

>er  she 

)t 

Mucking, 23  per  cent,  of  time.  " 

Drilling, 55       "  " 

Charging  holes, 5       "  '' 

Firing,  11        "  " 

Clearing  of  smoke,        ....  6       "  '* 


100 


I 
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Number  of  cars  of  muck,  953 — equal  to  489  cubic  yards,  which  would  corre- 
spond to  a  heading-area  of  only  104  square  feet,  so  that  about  15  to  20  per  cent,  of 
the  total  rock  broken  must  have  been  left  in  the  tunnel. 


X! 

w 

< 
EH 


< 
S 

P3 

c 
3 

a 
• 

t                "         8  X 16 

t                "         9  X 17 
9  X  16 
9x16 

Bench. 
Worked  from  both  ends. 
Worked    at  one  end. 
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General  Cost  of  Excavating. 

(Deduced  from  rate  of  progress  given  in  Table  I.,  page  717.) 
Average  Cost  of  Driving  a  Single  Heading. 

Progress,  47  feet.  Area,  105  square  feet.         Rock  broken,  183  cu.  yds. 

Inside  labor :  Per  shift.  For  11  shifts.  Per  cubic  yard. 

Drilling  and  blasting,       .     $18.00  $252.00 


Mucking,.        .        .        .  16.00  224.00 

Transportation,         .        .  9.75  136.50 

Outside  labor  : 

At  shaft,  ....  3.00  42.00 


$612.50  $3.34 


Engineers,  etc.,         .        .  130.75 

172.75  0.94 

Coal,  3  tons  per  day, 122.50  0.67 

Powder,  550  pounds  at  16^, 90.75  0  50 

Interest,  on  plant, 0-37 

Total, $5.82 

By  driving  two  headings  at  the  same  time,  the  outside  labor  and  super- 
intendence will  be  one-half,  reducing  the  above  amount  by  about,         0.50 

Total,  driving  two  headings  at  once,  ....    $5.32 

Average  Cost  of  Excavating  Bench. 

Working  Results  :  Sta.  921  +  33  to  Sta.  927  +  00  =  577  linear  feet.     Area,  167.41 

square  feet.     April  2d  to  May  19th,  18SS  =  48  days. 

Rock  broken, 3578  cubic  yards. 

Material  mucked  out, 3360  " 

Per  cubic 
Drilling  and  Blasting :  yard. 

1  boss,  ....  $70.00  per  month,  77  sliifts,  $179.41 
1  drill-runner,  .  .  2.50  per  diem,  157.5  "  393.75 
1  drill-helper,*      .         .       1.75         "  139.9      "         244.82 

1  nipper,*      .         .        .       1.00        "  85.5      "  85.50 

1  powderman,       .         .       2.00         "  46.0      "  92.00 


Mucking  and  Transportation  : 

1  boss,   ....     70.00  per  month,  84      shifts,  195,72 

15  muckers,*.        .         .      1.50  i>er  diem,  1553.3     "  2329.95 

1-2  drivers  and  mules,      .     2.25  per  diem,  144.6  shifts,  325.35 

1  trackman,*    .        .        .     1.50        "              54.5      "  81.75 

2dumpmen,*   .         .         •     1.50        "  171.6      "  257.40 

Outside  labor : 

1  bellman,*      .        .        .     1.75  per  diem,  146.2  shifts,  255.85 

Isumpman,*    .         .        .1.75          "            52.4      "  91.70 

Itopman,          .        .        .     1.50          "  149.6      "  224  40 


95.48    $0.28 


2525.67     0.75 


664.50    0.20 


571.95    0.17 


Carried  forward,  $4757.60  $1.40 


*  Muckers  were  often  used  to  replace  other  men. 
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Per  cu.  yard. 

Brought  forward, 

$4757.60  $1.40 

.     Outside  labor,  continued 

Hoifsters,  extra, 

.  $2.00  per  diem,      92  shifts. 

184  00    0  05 

2  engineers, 

.     2.50          "             96 

<( 

240.00 

1  engineer, 

.2  00         "             48 

'« 

90.00 

2  firemen, 

.     1.75         "             92 

" 

161.00 

1  pumpman,     . 

.     1.75         "             48 

<. 

84.00 

581.00     0.17 

1  machinist, 

.     2.25  per  diem,     46    s 

hifts. 

103.50 

1  blacksmith,    . 

.     2.50         "             47 

ii 

117.50 

1  helper, . 

.     1.50         "             48 

i( 

72.00 

293.00     0  09 

Sundries  : 

3  tons  of  coal  per  day 

at  $5.00  per  ton,  48  days. 

. 

720.00 

, 

Oil,  candles,  and  steel,  at  $2.00  per  diem,  48  days, 
Potcder  : 

96.00 

816.00    0.23 

200  pounds  forcite,  at  40  cents  per  pound,    . 

80  00 

7300  pounds  John  L.  . 

iqueduct  powder,  at  I62  cents,  . 

1204.50 

27  bunches  exploders, 

at  40  cents  per  bunch, 

10.80 

16  spools  wire,  at  50  cents  per  spool,  . 
Total, 

8.00 

1303.30     0.38 

$7934.90  $2.32 

Total  number  of  shots  fired,  133  ;  missed,  14.     Depth  of  holes,  9  ft.    Number,  532. 

Iiecapitulatio7i :  Cost  per  Cubic  Yard. 
Inside  labor :                                                                     » 

Drilling  and  blasting, $0.28 

Mucking, 0.75 

Transportation,     .......  0.20 


$123 


Outside  labor  : 

At  shaft $.17 

At  shaft,  extra, .05 

Engineers,  etc.,     .......  .17 

Incidentals, .09 


I 


Fuel  and  sundries, 

Powder, 

Interest,  etc.,  on  plant, 

Total  cost  per  cubic  yard, 

Muck  left  in  tunnel,  6  per  cent. 

Cost  of  Driving  Heading  and  Bench  Together. 
Linear  feet  =  30.  Area  =  283  square  feet.  Cu.  yds.  =  314 


0  48  $1  71 
0.23 
0.38 
0.37 


$2.69 


Per  cubic 

yard. 

Inside  labor,  heading,  120  yds.,  $3.34 

$400.80 

bench,  194  yds.,  $1.23,      . 

238.64  $039.44 

$2.03 

Outside  labor,           ...... 

$244.25           .78 

Coal  and  sundries,    ...... 

192.50          .62 

1.40 

Powder,  124  cy.  (3  pounds  at  16^  cts.),  @  .50 

$62.00 

"         190  cy.  (2.3  pounds  at  16^  cts.),  @  .38, 

73  72     135.72 

44 

Total, 

.    $3.87 

Working  two  headings  at  same  time, 

. 

.     $3.17 

760  AERIAL   WIRE    ROPEWAYS. 

The  foregoing  figures  are  submitted  as  an  approximation  to  the 
truth.  Acknowledgments  are  due  to  Mr.  Joseph  F.  Banks,  Mr.  H. 
C.  Allen,  Mr.  Gaylord  Thompson,  Mr.  Alfred  Craven,  and  Mr.  F. 
S.  Cook,  for  invaluable  assistance  in  compiling  the  notes,  and  in 
making  the  drawings  which  accompany  this  paper. 


AERIAL  WIRE  ROPEWAYS. 

BY  J.    POHLIG,    COLOGNE,    GERMANY- 
(Inteniational  Session,  Pittsburgh,  October,  1890.) 

It  is  with  more  than  ordinary  pleasure  that  I  have  complied  with 
the  request  of  the  President  of  the  Verein  Deutscher  Eisenhiitten- 
leute,  to  read  before  this  meeting  and  in  this  country  a  paper  on  a 
system  of  transport  by  wire  ropeways  which,  during  the  past  twenty 
years,  has  advanced  with  rapid  strides  in  Europe,  and  more  partic- 
ularly in  Germany.  America,  with  its  immense  network  of  railways 
and  water  communications,  should  offer  peculiarly  favorable  oppor- 
tunities for  the  introduction  of  these  ropeways  as  feeders,  more  par- 
ticularly in  the  mining  districts,  where,  as  in  Europe,  a  hilly  or 
mountainous  region  frequently  opposes  serious  obstacles  to  the  em- 
ployment of  surface  railroads. 

The  importance  of  the  aerial  ropeway  as  a  factor  in  the  develop- 
ment of  mineral  resources  deserves  the  consideration  of  every  mining 
engineer.  As  a  case  in  point,  the  ricii  iron-ore  of  the  Sierra  de 
Bedar  in  southern  Spain,  would  probably  remain  untouched  to  this 
day  but  for  an  aerial  ropeway,  15.6  km.  (9|  mile.-)  long,  which  con- 
nects the  mines  with  the  shore  of  the  Mediterranean  near  the  town 
of  Garrucha,  affording  cheap  carriage  to  the  nearest  shipping- 
point.  A  railway  would  have  cost  about  $480,000  (£100,000),  but 
such  a  heavy  outlay  would  have  more  than  absorbed  all  prospective 
profits  on  the  sale  of  ore.  As  the  aerial  ropeway  could  be  built  for 
a  little  more  than  one-fourth  of  that  amount,  or  $124,800  (£26,000), 
its  erection  furnishetl  the  successful  solution  of  a  profitable  mining 
enterprise.  This  line  has  been  in  satisfactory  operation  for  over  two 
years;  its  details  will  be  referred  to  later. 

But  beside  their  importance  as  feeders,  ropeways  are  valuable  as 
a  means  of  conveyance  between  works  and  distant  warehouses,  and 
between  separate  buildings  in  the  same  works.  Their  rapidly 
spreading  introduction  for  such  j>urposes  indicates  how  keenly  the 
necessity  of  effecting  economies  is  felt  under  the  stress  of  an  ever- 
accentuating  competition. 
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Ropeways  have  not  been  as  generally  adopted  in  America  as  in 
Enrope;  the  reason  for  this  lies,  I  think,  in  the  fact  that  thus  far 
America's  experience  has  been  practically  limited  to  the  endless 
running-rope  systems  of  Hodgson  and  Hallidie,  which  almost  pre- 
clude continuous  and  regular  working,  and  limit  the  weight  of  each 
single  load  to  100-150  kilos  (2-3  cwts.). 

By  both  of  these  systems,  one  rope  is  employed,  fulfilling  the  dual 
function  of  carrying-  and  hauling-rope  for  the  buckets.  Hallidie 
fixes  his  buckets  to  the  rope;  Hodgson,  on  the  other  hand,  employs 
a  saddle  fitted  with  India  rubber,  which  grips  the  rope  by  friction 
and  is  certainly  an  improvement.  The  simplicity  and  cheapness  of 
these  single-rope  lines  are  at  first  sight  very  plausible,  but  yet  their 
employment  has  been  restricted.  I  believe  the  largest  number  of 
Hodgson  lines  in  operation  anywhere  is  to  be  found  in  northern 
Spain,  more  particularly  in  the  iron-ore  district  of  Somorostro,  near 
Bilbao.  Two  or  three  of  these  lines  are  at  work  there,  one  above 
the  other,  carried  on  the  same  supports.  The  drawbacks  experienced 
in  operating  them,  however,  have  been  so  serious  that  to-day  the 
German  double-rope  system  has  almost  entirely  superseded  the 
Anglo- American  or  single-rope  system,  despite  the  endeavors  of  the 
resident  engineers  to  remedy  its  defects,  which  are: 

1.  The  slipping  of  the  buckets  in  rainy  aftd  frosty  weather. 

2.  The  impossibility  of  working  up  steep  inclines. 

3.  Great  wear  and  tear  of  the  ropes. 

4.  Frequent  falling  of  the  buckets  in  passing  over  the  carrying- 
pulleys. 

The  characteristic  of  the  German  system  (of  which  Bergrath  Frei- 
herr  Franz  von  Diicker  is  the  father),  consists  in  the  employment 
of  two  ropes — a  heavy,  fixed  carrying-rope  and  a  light,  travelling 
hauling-rope.  The  buckets  are  fitted  with  special  devices  for  grip- 
ping the  hauling-rope.  As  is  often  the  case  with  a  new  invention, 
a  bad  design  of  the  details  thwarted  the  satisfactory  execution  of  the 
inventor's  ideas,  and  as  a  result  of  the  failure  the  system  was  regarded 
with  very  little  favor  in  Germany  some  twenty  years  ago.  Not 
until  several  years  later,  when  Theodore  Otto  and  Adolph  Bleichert, 
of  Schkeuditz,  near  Leipzig,  began  to  improve  its  mechanical  details 
were  the  doubts  as  to  the  merits  of  the  system  dissipated.  Since 
then  the  demand  for  this  class  of  ropeways  has  increased  rapidly. 
In  1876,  Otto  and  Bleichert  dissolved  partnership,  each  continu- 
ing the  business  independently  and  vying  with  the  other  to  perfect 
its  features.     My  own  firm,  formerly  of  Siegen,  but  now  of  Cologne 
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and  Brussels,  has  taken  an  active  part  in  this  competition,  first  as 
Mr.  Otto's  representative,  but  during  the  past  ten  years  as  a  con- 
structor of  "  Otto "  ropeways  for  its  own  account.     I  have  made 
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a  special  study  and  business  of  the  construction  and  manufticture  of 
these  ropeways,  and  have  erected  some  of  the  most  important  lines 
now  in  operation. 
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Competition  and  the  ever-increasing  demands  upon  this  system  of 
carriage  have  resulted  in  great  improvements:  ten  years  ago  loads 
of  more  than  200-250  kilos  (4-5  cwts.)  were  rarely  transported,  but 


Fig.  2. 

Carrying Rope 


TWO-LEG  IRON  STANDARD,  18    METERS    HIGH 


at  present  it  is  not  uncommon  practice  to  carry  loads  of  400,  500 
and  even  1000  kilos  (8,  10  and  even  20  cwts.),  so  that  ropeways  are 
now  capable  of  conveying  from  600-800  tons  per  day  of  10  hours. 
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Just  as  marked  as  the  increased  carrying  capacity  of  the  lines,  has 
been  the  increase  in  their  length  ;  there  are  ropeways  10-13  km. 
(6-8  miles)  long,  and  one  even  of  16  km.  (9|  miles).  These  facts 
suggest  that  the  active  field  for  these  lines  can  still  be  greatly  ex- 
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tended.  Practical  men  no  longer  look  upon  the  ropeways  as  in  any 
degree  less  safe  or  reliable  than  other  means  of  transj)ortation ;  hence, 
in  suitable  cases,  where  they  can  be  shown  to  operate  with  greater 
economy  than    other  systems,  they  are  giv^en  the  preference,  and 
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therefore  it  is  not  surprising  if,  since  1873,  fully  one  thousand  of 
these  ropeway-lines  have  been  erected  in  Germany  and  other  parts 
of  Europe. 


Fig.  4. 


Rope 
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FOUR-LEG   IRON    STANDARD,  IS    METERS    HIGH. 


In  the  following  brief  description,  I  shall  dwell  only  on  the  most 
important  features  of  the  ropes,  standards  and  carriers.* 
•  The  carrying-  or  fixed-ropes  are  specially  designed  of  stout  steel 


*  A  set  of  large  and  beautifully-executed  drawings  was  exhibited  by  the  author 
on  the  walls  of  the  meeting-hall. 
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wire  4  7  ram.  (^  to  ^^  in.)  in  diameter,  which  has  a  breaking-strain 
of  60-120  kgs.  per  square  mm.  (38-76  tons  per  square  inch). 

The  hauHng-ropes,  on  the  other  hand,  iu  order  to  be  as  flexible 
as  possible,  are  made  with  a  hempen  core  and  of  fine  steel  wire, 
which  has  a  breaking  strain  of  120-180  kgs.  per  square  mm.  (76  to 
114  tons  per  square  inch). 

The  standards  which  support  the  ropes  are  usually  placed  30-60 


Fig.  7. 
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STEEL-TRUCK. 


meters  (100-200  feet)  apart.  Larger  spans  are  adopted  only  where 
the  nature  of  the  country  requires  it;  under  special  circumstances 
spans  up  to  500  meters  (1640  feet)  can  be  employed.  The  two-leg 
standard,  Figs.  1  and  2,  which  I  was  the  first  to  introduce,  in  1881, 
is  now  the  commonest  form.  AVhen  made  of  wood  the  legs  may 
be  ordinary  round  poles,  with  top  cross-pieces  of  well-seasoned  oak. 
If  built  of  iron,  the  uprights  are  usually  constructed  of  channel- 
or  I-beams,  stiffened  with  angle-iron,  and  the  cross-pieces  are  made 
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of  channel-iron.  Where  heavy  loads  and  irpeat  spans  are  necessarv, 
four-leg  standards  are  employed,  Figs.  3  and  4. 

The  carriers  are  of  various  designs  to  suit  their  particular  ser- 
vice. For  coal,  ore,  stone  and  similar  material,  sheet-iron  buckets 
(middle  design  of  Fig.  5)  are  used,  with  special  provisions  to  tip 
them  easily.  For  the  conveyance  of  bulky  goods,  special  forms  of 
carriers,  Figs.  5  and  6,  are  designed.  For  timber,  boards,  bar-iron, 
tubes,  etc.,  two  carriers  coupled  together  usually  answer. 

An   important  feature  of  the  carrier  is  the  truck  or  runner,  Fig. 


Fig.  8. 


Cross-bar  of  y'      /''         ^       ^^■'^      \  Bucket-frame,  i 


DISC-GRIP. 


7.  This  design  has  been  in  use  for  over  six  years,  and  has  entirely 
overcome  the  faults  of  the  earlier  trucks  in  which  the  spindles  of  the 
grooved  wheels  were  supported  on  one  side  only  ;  by  supporting 
them  on  both  ends  the  wheels  are  not  liable  to  skew  and  the  carriers 
are  bound  to  hang  always  vertically.  The  frame  of  the  truck  con- 
sists of  two  steel  plates  connected  in  the  middle  by  a  cast-iron  dis- 
tance-piece through  which  the  spindle  of  the  hanger  passes,  and  at 
each  end  by  a  phosphor-bronze  distance-piece  which  forms  the  spin- 
dle for  one  of  the  grooved  wheels.  Each  of  these  spindles  is  hollowed 
VOL.  XIX.— 49 
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out  to  contain  a  lubricant,  which  is  introduced  by  removing  the 
thumb-screw  shown  in  the  end.  The  lubricant  passes  through 
small  holes  to  the  surface  of  the  spindle,  and  effects  by  this  method 
such  a  perfect  system  of  automatic  lubrication  that  the  spindles  and 
rollers  are  preserved  from  almost  every  sign  of  wear  even  after  many 
years'  use. 

Another  equally  important  detail  to  ensure  regular  and  uninter- 
rupted working  is  the  form  of  coupling,  or  grip^  for  attaching  the 
carrier  to  the  hauling-rope.  This  must  be  not  only  simple  in  design, 
but  absolutely  reliable  in  its  action,  and  should  reduce  the  wear  on 

YlG.  9. 


FRICTICN-GRIP    WITH    CORRUGATED    JAWS, 


the  hauling-rope  to  a  minimum.  The  so-called  friction-grip  and 
the  lock-grip  are  the  usual  types  employed.  With  the  former,  the 
carriers  can  be  attached  to  the  hauling-rope  at  any  point;  with  the 
latter,  small  collars  or  carrier-knots  have  to  be  fixed  at  intervals 
along  the  hauling-rope,  corresponding  to  the  distance  apart  at  which 
it  is  intended  to  attach  the  carriers. 

The  form  of  friction-grip  employed  by  us  for  the  past  twelve 
years,  and  now  most  generally  used  (Fig.  8),  consists  of  two  smooth- 
faced discs,  one  rigidly  attached  to  the  cross-bar  of  the  hanger,  and 
the  other  mounted    loosely  on   a  spindle  and  free  to  revolve,  acting, 
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when  necessary, as  a  carrying-roller  for  the  hauling-rope.  The  spintlle 
has  a  square  thread  on  its  outer  end  and  carries  a  lever,  the  boss  of 
which  forms  the  nut.  When  the  lever  is  do>vn  the  discs  do  not  grip 
the  rope  but  are  kept  apart  by  a  spring.  As  it  is  raised  the  discs 
approach  each  other,  and  when  up  the  hauling-rope  is  tightly 
gripped.  The  lever  is  prevented  from  falling  back  by  a  small 
spring-trigger.  As  the  carrier-bucket  approaches  a  station,  the 
lever  and  trigger  both  encounter  a  stop  which  throws  them  over, 
separating  the  discs  and  automatically  releasing  the  hauling-rope. 
The  bucket  is  then  free  to  be  switched  off  the  carrying-rope  to  a 
siding.  The  discs  can  easily  be  adjusted,  allowing  for  the  size  and 
wear'of  the  rope.  This  form  of  grip  is  employed  for  gradients  up 
to  1  in  6,  and  for  loads  of  450  kilos  (9  cwts.)  net  weight. 


Cross-Section  on  C  D. 


Longitudinal-Section  on  A  B. 
C 


Star-Knot  on  Hauling-Rope. 


For  steeper  gradients,  up  to  1  in  3,  where  a  friction-device  is  still 
practicable,  a  more  powerful  grip  with  corrugated  jaws,  Fig.  9,  is 
used  instead  of  the  smooth-surflice  discs.  One  of  the  jaws  is  rigid, 
while  the  other  is  moved  in  and  out  by  means  of  a  lever  and  cam,  so 
as  to  grip  the  hauling-rope.  Both  forms  of  friction-grip  have  given 
satisfaction.  Since  the  buckets  can  be  attached  to  the  hauling-rope 
at  any  point,  the  tendency  to  a  uniform  wear  throughout  the  length 
of  the  rope  is  promoted,  and  this  is  a  distinct  gain.  Another  advan- 
tage in  using  friction-grips  is,  that  the  carrying  capacity  of  the  line 
can  be  easily  altered  simply  by  adding  more  carriers  at  shorter  inter- 
vals, without  varying  the  travelling  velocity  of  hauling-rope. 

For  lines  having  gradients  under  1  in  6  the  disc-grip  is,  in  my 
opinion,  the  best  existing  form,  as  it  subjects  the  hauling-rope  to  the 
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least  wear.  As  an  indication  of  how  little  the  rope  really  suffers,  I 
might  mention  the  Fernie  ropeway,  erected  in  Giessen  in  1879, 
where  the  original  hauling-rope  is  still  in  regular  use,  transporting 
300-350  tons  of  ore  per  day. 

For  gradients  greater  than  1  in  3,  a  lock-grip  of  some  kind  is 
absolutely  necessary.  The  number  of  buckets  and  the  correspond- 
ing capacity  of  the  line  for  a  given  speed  are  then  limited  by  the 
spacing  of  the  knots  on  the  hauling-rope.  The  design  of  the  knot 
is  of  great    importance — almost   as  vital  as  the  design  of  the  grip 


Fig.  11. 
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itself.  An  account  of  the  various  designs  that  have  been  tried  and 
cast  aside  would  occupy  several  hours.  I  will  therefore  confine  my 
description  to  the  star-knot,  which  \  now  use  in  preference  to  every 
other  form.  It  consists  of  a  cylinder  (Fig.  10)  whose  diameter  is 
somewhat  greater  than  that  of  the  hauling-rope,  and  wjio.ce  surface 
is  provided  with  spiral  grooves  int«)  which  the  strands  of  the  hauling- 
rope  are  inserted.  When  the  knot  is  in  |)la('e  its  ribs  project  suffi- 
ciently beyond  the  hauling-rope  to  furnish  a  hold  for  the  pawls  of 
the  grip.     In  order  to  secure  the  I; not  in  its  position  with  al)solute 
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certainty  a  stt-el  wire  strand  about  two  yards  long  is  passed  through 
it  and  fixed  by  the  two  wedges  x  and  y.  When  the  knot  is  to  be 
attached  to  the  liauling-rope,  the  hitter  is  first  untwisted,  and  two 
yards  of  the  hemp  core  are  removed.  The  knot  and  the  steel  wire 
strand,  which  takes  the  place  of  the  hemj)  core,  are  then  set  into  the 
rope,  and  when  this  has  been  twisted  tight  its  hold  upon  the  knot 
and  strand  is  sufficient  to  resist  any  shock  to  which  they  may  be 
subjected.     The  points  of  superior  excellence  of  tiie  star-knot  are: 

1.  Quick  attachment  to  the  endless  hauling-rope  witliout  cutting  it. 

2.  Attachment   to  the  hauling-rope  without  the  use  of  Babbitt- 
metal  or  any  soldering-alloy. 

3.  Preservation  of  the  full  flexibility  of  the  hau]ing-rr>pe  at  the 
point  of  attachment. 

4.  Prompt  detection  and  easy  repair  on  any  breakage  of  single 
wires. 

Improvements  in  the  form  of  the  couplings  or  grips  have  kept  pace 
with  improvements  in  the  knots.  The  earliest  design  of  a  lock- 
coupling  was  a  complicated  clockwork,  full  of  springs  and  levers, 
which  were  ever  getting  out  of  repair.  The  pawl-grij),  Fig.  11, 'which 
I  have  used  for  several  years,  is  the  perfection  of  simplicity.  It 
never  fails  and  requires  no  repair.  It  consists  of  two  symmetrically 
disposed  pawls  each  free  to  move  in  a  vertical  ])lane,  and  having 
forked  ends  which  drop  down  on  either  side  of  the  knot,  the  drop 
being  checked  by  a  stop.  The  rope  is  supported  on  a  roller  just  below 
the  pawls.  To  throw  the  pawls  in  and  out  of  action,  the  toe  of  each 
pawl  carries  a  pin  which  engages  with  a  guide-rail  at  the  station. 
The  process  of  coupling  a  bucket  fitted  with  one  of  these  grips  to 
the  hauling-rope  is  as' follows:  The  workman  moves  the  bucket  by 
hand  along  the  switch-rail  to  the  carrying-rojie ;  on  approaching 
this  the  jiawl-pins  come  in  contact  with  the  guide-rail,  raising  the 
pawls  so  as  to  allow  the  hauling-rope  to  be  guided  and  rest  on  the 
roller  which  is  immediately  below  them  and  forms  part  of  the  grip. 
As  soon  as  the  bucket  rests  on  the  carrying-rope,  the  i)ins  are  re- 
leased from  the  guide-rail  and  the  pawls  fall  down  in  position  over 
the  hauling-rope.  As  a  knot  approaches  it  lifts  the  first  pawl, 
which,  however,  falls  back  into  its  original  position,  but  the  second 
one  resists  and  the  bucket  is  autoraaticatly  taken  in  tow.  To  avoid 
a  violent  impact  of  the  knot  upon  the  coupling,  the  shunter  gets  a 
bell-signal  when  a  knot  is  approaching,  and  he  pushes  off  the  bucket 
nt  about  the  same  velocity  as  the  rope  is  travelling.  The  uncoupling 
is  similarly  affected.     As  the  bucket  nears  the  station,  the  pawl-pins 
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come  in  contact  with  a  guide-rail,  lifting  the  ])awls  out  of  gear  and 
releasing  the  hauling-rope;  tlie  l;ucket,  by  virtue  of  its  momentum, 
then  moves  off  the  carrying-rope  and  up  a  tongued  rail,  which 
switches  it  to  a  siding.  This  is  the  only  lock-coupling,  to  my 
knowledge,  that  is  thrown  in  and  out  of  gear  automatically. 

With  thousands  of  these  pawl-grips  now  at  work,  I  do  not  recall 
a  single  instance  where  a  carrier  has  become  uncoupled  on  the  jour- 
ney. 1  employ  this  grip  exclusively  on  all  mountain  lines,  and 
have  used  it  in  safely  transporting  loads  of  more  than  1000  kilos 
(1  ton)  up  gradients  of  1  in  1. 

Description  of  Some  Ropeway-lines. 

Garrucha  Line. — The  most  important  Otto  ropeway  yet  constructed 
is  the  one  I  have  already  alluded  to,  for  the  transport  of  iron-ore  in 
southern  Spain,  from  the  Sierra  de  Bedar  to  Garrucha.  This  line, 
Figs.  12  and  13,  is  15.6  km.  (9.69  miles)  long  and  divided  into  four 
independent  sections  with  lengths  of  2.4,  3.1,  5.3  and  4.5  km.  (1.40, 
2.11,  3.29  and  2.8  miles)  respectively.  A  30  horse-power  engine 
drives  the  first  two  sections,  and  a  70  horse-power  engine  the  last  two. 

After  leaving  the  loading-station  at  Serena,  276  meters  (905  feet) 
above  the  sea,  the  line  crosses  a  number  of  deep  valleys,  one  nearly 
a  kilometer  (upwards  of  half  a  mile)  wide  and  100  meters  (328 
feet)  deep,  and  traverses  mountain-ridges,  the  highest  of  which  is 
358  meters  (1174  feet)  above  sea-level,  to  the  village  of  Pinar  de 
Bedar,  where,  at  an  elevation  of  290  meters  (951  feet)  the  first 
power-station  is  located.  From  here  the  line  deflects  to  the  right 
and  again  passes  over  several  valleys  and  ridges,  with  a  gradual 
descent  to  an  angle-station  113  meters  (370  feet)  above  sea-level. 
It  then  bears  to  the  left,  extending  over  a  more  or  less  hilly  country 
to  the  second  power-station  near  Puerto  del  Coronel  (Figs.  14  and 
15),  at  an  elevation  of  45  meters  (147  feet).  From  here  it  again 
turns  to  the  right,  descending  at  a  comparatively  easy  gradient  to 
the  unloadiug-station  on  the  coast,  near  the  town  of  Garrucha. 

Viewed  from  the  mountain-ridge  between  Bedar  and  Serena,  whence 
the  line  can  be  traced  from  end  to  end,  the  prospect  is  imposing — 
660  buckets  travelling  back  and  forth,  growing  smaller  in  the 
distance,  until  they  seem  like  faint  specks;  and  the  ropes,  brightly 
reflected  in  the  sunlight,  looping  in  the  sea  with  a  silver  cord.  The 
capabilities  of  the  system  are  nowhere  more  strikingly  exhibited,  and 
the  precision  with  which  the  carriers  move  and  deliver  their  load.s 
heiirhtens  the  effect. 
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The  o-reatest  span  of  the  line,  near  the  Villa  Refbrma,  is  280  meters 
(918  feet).  In  thi.s  span  the  rope  sags  20  meters  (65  feet),  and  car- 
ries 6  loaded  and  6  empty  buckets  at  a  time.  Its  height  above  the 
valley  is  50  to  GO  meters  (164-196  feet).  The  other  long  spans  of  the 
line  range  from  100  to  225  meters  (328-750  feet),  but  the  average  dis- 

FiG.  15. 


Garriicha  Line  of  the  "Otto"  Aerial  Ropeway.     Section  of  Power  and    Interme- 
diate-Station near  Puerto  del  Coronel. 

tance  between  the  supports  is  only  about  40  meters  (130  feet).  The 
steepest  gradient,  taking  into  account  the  sag  of  the  rope,  is  1  in  2h, 
and  the  tallest  standard  is  36  meters  (118  feet)  high.  Fig.  12.  The 
guaranteed  capacity  of  the  line  is  400  tons  per  day  of  10  hours. 
With  a  travelling  rate  of  1.5  meters  per  second  (300  feet  a  minute 
or  about  ^  miles  an   hour),  and   with  two  buckets  of  350    kilos  (7 


AERIAL    AVIRE    ROPEWAYS.  779 

cwts.)  capacity  arriving  every  minute,  or  1200  buckets  per  day  of  10 
hours,  the  actual  quantity  carried  by  the  line  is  420  tons,  making  its 
capacity  6552  ton-kilometers  (4095  ton-miles),  which,  so  far  as  I 
know,  has  not  yet  been  equalled  by  any  other  line.  Owing  to  the 
increased  demand  for  Bedar  ore,  the  line  has  been  worked  since  the 
commencement  of  1890  in  two  shifts  of  8  hours,  and  no  less  than 
900  tons  per  day  have  been  transported  to  the  coast. 

The  carrying-ropes  for  the  loaded  and  unloaded  side  respectively 
are  33  and  26  mm.  (If'^and  1  inch)  in  diameter,  and  the  size  of  the 
hauling-rope  is  18  mm.  (about  f  inch).  The  latter  is  fitted  with  the 
star  knots  above  referred  to.  The  pawl-grip,  previously  described 
(Fig.  11),  is  em|)loyed  throughout. 

At  the  loading-station,  bins  of  800  tons  aggregate  capacity  are 
erected,  from  which  the  ore  is  spouted  into  the  buckets.  Great  care 
has  been  bestowed  on  the  design  and  arrangement  of  the  power- 
stations  and  all  their  gear  and  engines.  The  engine- and  boiler-houses 
are  solidly  built  and  large  enough  to  be  used  as  repair-shops.  (See 
Figs.  14  and  15,  showing  the  second  power-station  near  Puerto  del 
Coronel.) 

The  unloading-station  on  the  coast  is  46  meters  (150  feet)  long 
by  15  meters  (50  feet)  wide,  and  10  meters  (32  feet)  above  the 
ground-level.  Its  storage-capacity  is  18,000  to  20,000  tons,  so  that 
4  to  6  vessels  can  be  loaded  at  a  time. 

At  the  various  stations  sidings  are  arranged  for  docking  empty 
carriers  of  the  several  sections  of  the  line.  Electric  signals  are  used 
and  the  stations  are  connected  by  telephone.  Despite  many  diffi- 
culties, the  line  was  surveyed,  erected  and  ready  for  work  within  10 
months,  its  total  cost  amounting  to  $124,800  (£26,000). 

At  the  desire  of  the  mining  company,  I  undertook  to  work  the 
line  for  a  number  of  years  at  the  rate  of  1.50  francs  (28.8  cents)  per 
ton  carried,  this  price  covering  all  costs  for  labor,  maintenance  and 
repairs. 

Yolldinrjen  Line. — The  second  line  which  will  be  of  special  in- 
terest is  at  the  Volklingen  iron-works.  It  serves  to  convey  refu.se 
acro.ss  the  river  Saar  to  a  waste-dump,  and  to  carry  back  coal  from 
a  neighboring  colliery,  for  use  in  the  rolling-mills.  The  plant  con- 
sists of  three  intercommunicating  lines,  as  shown  in  the  General 
Plan,  on  the  right-hand  side  of  the  accompanying  Plate  : 

The  blast-furnace  line;  the  rolling-mill  line;  the  Hostenbach  line. 

Their  aggregate  length  is  about  3.3  km.  (2  miles),  and  they  are 
driven  from  one  central  station. 
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The  blast-furnace  line,  which  is  used  for  the  removal  of  slag,  passes 
through  an  underground  tunnel,  in  (M'der  to  leave  the  space  around 
the  furnaces  free.  Suspended  rails  have  been  used  in  its  construction 
in  place  of  the  customary  wire-carrying  cables.  Before  delivery  into 
the  buckets  the  slag  from  each  furnace  is  granulated  and  collected 
in  a  large  iron  receiver,  which  has  a  jierforated  false-bottom  (see 
Arrangement  of  Slag-Receivers,  Plate),  Receivers  liave  been  built 
of  100  and  200  cubic  meters  (3530-7060  cubic  feet)  capacity, 
or  sufficient  to  hold  all  the  slag  produced  at  night,  so  that  the  rope- 
line  is  operated  during  the  day-turn  only.  Each  receiver  is  divided 
by  a  partition,  allowing  one  side  to  drain,  while  dried  sand  is  being 
loaded  into  buckets  from  the  other.  The  iiuckets  are  filled  from 
spouts  placed  around  the  bottom  of  the  receivers,  and  fitted  with 
slide-gates.  The  receivers  are  covered  in  on  the  ground-level  with 
a  strong  iron  grating,  so  that  the  workmen  can  pass  over  them  with- 
out let  or  hindrance. 

This  method  of  granulating  and  removing  the  slag  without  the 
employment  of  elevators,  etc.,  I  used  for  the  first  time  in  1882-83 
in  connection  with  the  ropeway  at  the  Johanneshiitte,  near  Siegen. 
It  has  since  met  with  great  favor  in  Westj)halia  where  a  number  of 
works  have  adopted  it,  even  among  those  who  at  first  were  strenu- 
ously opposed  to  granulating  because  of  the  greater  space  occupied 
by  slag-sand  than  slag-blocks.  It  cannot  be  denied  that  the  quicker 
filling-up  of  the  dump  which  results  from  granulating  the  slag  is  in 
many  localities  a  serious  drawl)ack  ;  yet  the  advantages  of  this  sys- 
tem over  the  costly  haul  of  solid  or  liquid  slag  will  often  more  than 
offset  the  objection,  aside  from  the  consideration  that  ropeways  afford 
a  means  for  piling  the  waste-dump  to  any  desired  height;  or,  if 
suitable  dumping-ground  does  not  exist  near  the  furnaces,  for  trans- 
porting it  to  any  desired  distance,  possibly  to  fill  in  old  quarries  or 
level  uj)  waste  land.  Many  attempts  have  been  made  to  adapt  this 
method  of  transport  to  solid  slag — the  slag  being  run  into  specially 
designed  buckets  and  allowed  to  solidify,  but  in  every  instance  such 
efforts  have  ultimately  failed.  I  tried  it  on  a  large  scale  at  the  Nie- 
der.scheldener  iron-works,  near  Siegen,  but  was  finally  obliged  to 
give  it  up  because  I  could  not  succeed  in  making  suHiciently  dural)le 
buckets,  either  of  cast-  or  wrought-iron  or  steel.  To  line  the 
buckets  with  fire-brick  would  have  made  them  too  heavy.  I  can, 
therefore,  confidently  recommend  the  system  of  granulated-slag 
transport  as   the  simplest  and    cheapest,  provided   that   local  condi- 
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tions   j)ermit   the    use  of  a  low-level    loading-station  and  favor  an 
easy  drainage  of  the  water. 

The  rolling-mill  line  is  earried  above  the  mill  to  the  nnloading- 
station  for  coal,  which  consists  of  an  iron  scaffold  9.4  meters  (30 
feet)  high,  sitnated  in  front  of  the  puddling-worUs.  Below  it  are 
seven  large  iron  })ockets  of  500  tons  aggregate  capacity,  into  which 
the  coal  is  dumped  from  the  ropeway-buckets.  When  coal  is  re- 
quired in  the  works  it  is  drawn  from  the  pockets  through  suitable 
slide-gates  and  delivered  by  light  portable  railway-trucks. 

The  main  line  to  Hostenbacii  for  the  further  conveyance  of  the 
slag  and  return-transport  of  the  coal  (see  the  General  Plan,  Plate}, 
crosses  the  railway-line  and  the  river  Saar  to  the  top  of  a  wooded 
hill,  30  meters  (98  feet)  high,  on  which  a  dumping-station  19.6 
meters  (63  feet)  high  has  been  erected  (Plate,  left  side).  This 
serves  at  the  same  time  as  an  angle-station  for  the  extension  of  the 
line  to  the  Hostenbacii  colliery.  The  loading-station  at  Hostenbach 
consists  of  two  large  bins,  each  of  100  tons  capacity,  fitted  with  six 
spouts  for  loading  the  ropeway-buckets  (Plate,  left  side). 

All  three  lines  are  driven  by  one  40  horse-power  coupled  engine, 
tlie  power  being  transmitted  by  a  belt  and  friction-clutch.  P^ach 
line  is  so  arranged  with  switches  that  the  buckets  can  be  run  from 
one  to  the  other  without  difficulty.  Moreover,  if  at  times  it  is  not 
necessary  to  carry  back  coal  from  Hostenbach,  the  slag-trucks,  upon 
arriving  at  the  dumping-station,  are  emptied  and  then  passed  through 
the  station  and  recoupled  to  the  river-branch  of  the  line,  as  indicated 
by  a  dotted  curve  in  the  phm  of  the  station  (Plate,  leftside). 

The  main  line  is  designed  to  carry  500  tons  of  slag  to  the  dump, 
and  300  tons  of  coal  to  the  mill.  As  a  rule  two  buckets  of  400 
kgs.  (8  cwts.)  capacity  arrive  in  each  minute,  travelling  at  a  velocity 
of  1.5  meters  per  second  (30«)  feet  a  minute).  They  are,  therefore, 
45  meters  (150  feet)  apart,  and  on  an  average  1200  loaded  buckets 
are  carried  per  day  of  ten  hours. 

The  diameters  of  the  carrying-ropes  for  the  main  line  are  33  and 
30  mm.  (l^and  1^^  inch).  Those  for  the  Hostenbach  and  rolling-* 
mill  lines  respectively  are  30  and  25  mm.  (ly^g- and  1  inch).  The 
hauling-rope  is  of  one  size  throughout,  namely,  15  mm.  (nearly 
f  inch)  diameter.  The  gradients  are  ea.sy,  and  disc-grips,  therefore, 
used. 

All  the  standards  are  of  iron  except  on  the  slag-dump,  where 
wood  trestles  are  used  and  are  allowed  to  be  buried  under  the  accu- 
mulating slag.     Fig.  2  shows  the  design  for  all  the  iron  standards 
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except  the  two  on  the  banks  of  the  Saar.  As  the  river-span  is 
upwards  of  100  meters  (328  feet),  these  two,  which  are  19.84  meters 
(65  feet)  high,  have  been  built  of  the  four-leg  type. 

The  general  method  of  operating  the  plant  is  as  follows :  The 
empty  buckets  at  the  power-station  are  coupled  to  the  hauling-rope 
at  the  point  A  (see  Plan  of  Power-Station,  Plate),  and  travel  into 
the  tunnel,  where  they  are  automatically  disengaged  in  front  of  any 
one  of  the  receivers.  When  the  buckets  have  been  filled  they  are 
again  coupled  up  to  the  hauling-rope,  and  on  reaching  the  point 
B,  are  automatically  uncoupled  and  siiunted  round  on  the  hanging-" 
rail,  s,  to  the  point  C,  on  the  main  line,  along  which  they  travel  to 
the  angle-station,  where  at  the  point  D  (see  Station  for  Slag-Dump, 
Plate,  left  side),  they  are  shunted  off  on  the  hanging-rails,  s'  s', 
and  the  slag  is  dumped. 

The  empty  buckets  are  then  pushed  round  to  the  point  E, 
coupled  to  the  hauling-rope  and  despatched  to  the  colliery.  Arriv- 
ing at  i^  (see  Loading-Station  at  Hostenbach  Mine,  Plate,  left  side), 
the  buckets  are  filled  with  coal  from  the  bins,  pushed  round  to  the 
point  G,  and  started  back,  passing  H  and  /  in  the  angle-station 
and  reaching  the  central  station  at  K.  From  here  the  buckets  are 
moved  round  to  L,  and  pass  over  the  rolling-mill  line  to  3f  (see 
Unloading-Station  on  the  Rolling-jNIill  Line,  Plate),  and  thence 
along  the  hanging-rail,  s'  s',  to  the  coal-bins,  into  which  the  coal  is 
tipped.  The  empty  buckets  are  then  pushed  to  the  point  iV,  and 
dispatched  back  to  the  central  station.  On  arriving  there,  at  0, 
they  are  shunted  round  to  the  starting-point,  A,  and  thus  the  cir- 
cuit is  completed.  If  no  coal  is  wanted  from  the  mine,  all  that  is 
required  is  to  throw  in  the  switches,  w  xc,  at  the  angle-  and  central 
stations,  in  order  to  short-circuit  the  line. 

For  the  removal  of  ashes  and  rubbish,  short  lines  are  used,  which 
can  be  connected  with  the  central  station.  Wiien  all  the  sections 
are  in  operation,  twenty-two  men  are  required  : 

At  the  central  station  :  1  engine  driver,  3  shunters  for  coupling 
'and  uncoupling  the  buckets,  1  man  for  moving  the  trucks. 

In  the  tunnel :  3  shunters  for  loading  and  coupling  up  the 
buckets. 

At  the  angle-station:  2  shunters  and  3  men  to  move  and  tij>  the 
trucks. 

At  the  colliery  :  2  men  to  shunt  and  1  to  load  the  trucks. 

At  the  rolling-mill  station  :   2  shunters  and  1  man  to  unload. 

For  the  plant  in  general :   1  inspector  and  2  fitters. 
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The  line  has  been  worked  continuously  since  1889,  and  has  given 
great  satisfaction. 


Fig.  r 


Rumelange  Line. — This  was  the  first  double  aerial  line  erected, 
and  the  first  by  which  blast-furnaces  were  directly  supplied.  The 
general  features  appear  in   Fig.  17,  and   the  charging-arrangement 
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in  Fig.  17.  Iron-ore  is  carried  direct  from  the  mine  to  the  top  of 
the  furnaces.* 

31arienhidte  Line. — At  these  works,  which  are  situated  near 
Siegen,  in  western  Germany,  a  line  is  employed  for  carrying  iron-ore 
from  the  mines  to  the  furnace-yard  and  returning  slag  to  the  mine 
for  back-filling.  Fig.  18  shows  the  profile,  and  Figs.  19  and  20 
the  loading-  and  unloading-stations  for  the  ore. 

Aiseau-Presle  Colli&i'y  Line. — This  line,  near  Farciennes,  in  Bel- 
gium, derives  special  interest  from  the  fact  that  the  mine-cars  them- 
selves are  carried  over  the  line  instead  of  ordinary  buckets.  The 
weight  of  each  loaded  car  is  900  kgs.  (18  cwts.),  and  the  amount  of 
coal  transported  daily,  800  tons. 

Lines  in  the  Transvaal. — Ropeways  are  now  being  introduced  into 
the  Dark  Continent  for  the  transport  of  gold  quartz.  Four  lines 
have  already  been  determined  on  for  the  Sheba,  Edwin  Bray,  Ori- 
ental and  Amsterdam  Gold  IMining  Companies.  Two  of  these  are 
now  completed.  The  nature  of  the  region  traversed  is  shown  by 
the  profile.  Fig.  21,  which  offers  a  further  illustration  of  the  pecu- 
liarly favorable  adaptation  of  these  aerial  ropeways  to  a  very  diffi- 
cult, broken  country. 

Conclusion. 

In  conclusion,  gentlemen,  I  trust  that  what  I  have  now  brought 
to  your  notice  may  decide  you  to  make  a  trial  of  these  aerial  rope- 
ways and  lead  to  their  introduction  into  this  country.  I  am  sure 
that  my  fellow-countrymen  and  colleagues,  equally  with  myself, 
esteem  it  an  honor  to  be  able  to  introduce  to  your  notice  something 
of  a  practical  nature  in  return  for  the  many  great  and  practical 
improvements  which  you  have  sent  us  across  the  water. 

Discussion. 

R.  W.  Raymond,  of  New  York :  In  the  absence  of  Mr.  E.  G. 
Spilsbury,  Manager  of  the  Trenton  Iron  Company,  of  Trenton, 
N.  J.,  who  would  have  said  something  on  this  paper,  if  it  had  been 
presented,  as  was  expected,  at  the  New  York  Meeting  of  the  Insti- 
tute of  Mining  Engineers,  I  desire  to  express  my  thanks  to  Mr. 
Pohlig  for  bringing  before  us  the  interesting  details  of  this  system, 

*  For  a  full  description,  see  Zeitschrift  dcs  Vej-eins  Deuischer  Ingenieitre,  vol.  x.x.xii., 
p.  1045. 
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and,  at  llie  same  time,  to  correct  the  imjn-essioii  whicli  the  conchul- 
ing   paragraph  of  his  paper  seems   to  indicate,  that  the  system  is 


unknown  and  untried  in  this  country,  and  that  American  engineers 
need  to  have  their  attention  called  to  it  and  to  be  convinced  of  its 
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merit.  Tlie  Trenton  Iron  Company  has  been  engaged  for  some 
years  in  the  erection  of  aerial  wire-rope  tramways  of  this  German 
type. 


ON  THE  DAEBY  PROCESS  OF  BECABBURIZATION. 

BY   A.    THIELEN,    RUHRORT,    GERMAXY. 
(Pittsburgh  International  Session,  October,  1890.) 

In  experiments  for  the  production  of  steel  the  principal  problem 
has  always  been  the  introduction  into,  or  removal  from,  the  iron  of 
a  definite  quantity  of  carbon.  Although  the  solution  of  this 
problem  had  engaged  a  more  or  less  blindly  and  empirically 
directed  effort  for  a  long  time,  it  was  only  with  the  development 
of  analytical  chemistry  that  the  role  which  carbon  plays  in  the 
constitution  of  steel  was  disclosed  in  its  full  significance,  and  that 
many  of  the  problems  confronting  the  steel-maker  were  thereby 
more  clearly  defined  than  before. 

For  a  long  time,  and  to  a  certain  extent  even  to  this  day,  the 
percentage  of  carbon  in  steel  has  been  the  controlling  means  of  deter- 
mining its  quality  and  hardness.  In  many  cases  the  percentage  of 
carbon  alone  has  been  relied  on  for  judging  large  consignments,  such 
as  the  large  deliveries  of  wire-billets  and  blooms  to  America  during 
the  past  twenty  years;  and  though  to-day  the  influences  of  the  other 
constituents  are  recognized  and  many  other  considerations  are  taken 
into  account,  and  though,  moreover,  some  special  steels,  such  as  the 
Hadfield  manganese  steel,  apparently  dispense  to  a  certain  extent  with 
the  assistance  of  the  carbon,  yet  for  our  Bessemer,  Thomas,  Siemens 
and  crucible  steel  the  carbon  still  remains  one  of  the  most  impor- 
tant constituents,  and  I  venture  to  say  it  is  indispensable. 

In  order  to  produce  in  the  Bessemer  converter  a  steel  of  a  certain 
required  percentage  of  carbon,  two  methods,  as  is  well  known,  jire- 
sent  themselves.  By  the  one  the  decarl)urization  process  is  stopped 
when  the  desired  carbon  liuiit  in  the  bith  has  been  reached  ;  by  the 
other  the  bath  is  completely  decarburized,  and  then  a  calculated 
amount  of  carbon  added  in  the  form  of  spiegel,  ferro  manganese, 
etc.  In  Germany  the  latter  method  only  was  adopted,  and  it  was 
retained  when  tiie  Tiiomas-Gilchrist  process  for  the  production  of 
low-phosphorus  steel  from  high-phosphorus  iron  came  into  use,  since 
from  the  nature  of  the  new  process  complete  decarburization  is  neces*- 
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sary  before  dephospliorization  can  take  place.  But  while  in  the  old 
acid  process  the  carburization  could  be  easily  cfFocted  by  the  simj)le 
addition  of  spiegel,  etc.,  the  new  one  brought  difiiculties  which  were 
not  easily  overcome,  inasmuch  as  the  phosphoric  acid  of  the  slag  and 
the  oxides  whose  presence  in  large  but  varying  proportions  is  char- 
acteristic of  the  basic  process,  took  part  in  the  reaction.  Though  a 
portion  of  the  oxide  could  be  removed  by  pouring  off  the  slag,  and 
the  amount  of  it  left  dissolved  in  the  bath  could,  by  improvements 
in  the  process,  be  reduced  to  an  approximately  constant  quantity  in 
each  charge,  and  even  though  the  danger  of  rephosphorization  was 
diminished  by  as  complete  a  removal  of  the  slag  as  jiossible,  and  by 
suitable  additions  to  that  portion  of  it  still  remaining  in  the  bath, 
nevertheless  the  production  of  low-phosphorus  steel  high  in  carbon 
was  not  accomplished  with  that  degree  of  certainty  and  facility  which 
would  lead  one  to  regard  the  introduction  of  another,  simpler 
method  of  carburizing  as  other  than  very  desirable.  The  circum- 
stances governing  the  basic  and  acid  open-hearth  processes  in  these 
respects  were  of  the  same  nature. 

It  will  be  readily  understood,  therefore,  why  methods  which  had 
formerly  been  proposed  for  the  introduction  of  carbon  by  other  than 
the  indirect  way  (through  the  addition  of  spiegel,  etc.),  but  which 
had  hitherto  remained  without  results,  should,  after  the  introduction 
of  the  method  of  making  steel  in  basic-lined  vessels,  be  brought 
forward  again  from  various  quarters.  All  of  these  processes  were 
based  on  the  great  affinity  between  carbon  and  iron  at  high  tempera- 
tures. It  was  sought  to  reduce  and  carburize  the  bath  of  steel  by 
the  introduction  of  carburetted  gases,  tar,  petroleum,  etc.,  as  well  as 
by  the  addition  of  many  mixtures  of  these  substances  with  solid 
bodies,  such  as  burnt  dolomite.  But  the  results  of  all  these  experi- 
ments did  not  lead  to  the  permanent  introduction  of  any  of  them 
until  Mr.  John  Henry  Darby,  the  Managing  Director  of  the  Brymbo 
Steel  Works,  succeeded  in  satisfactorily  solving  the  problem. 

Having  noted  an  increase  of  carbon  in  two  bars  which  had  been 
heated  in  a  coal-fire  for  welding,  he  tried  the  effect  of  bringing  fluid 
steel  into  intimate  contact  with  solid  carbon,  and  found  a  ra[)id 
absorption  of  the  carbon  by  the  steel.  Upon  this  experiment  he 
based  his  patented  process,  in  which  fluid  steel  is  carburized  by  filtra- 
tion through  pieces  of  carbon,  the  latter  being  preferably  in  the 
form  of  graphite  or  wood-charcoal. 

The  first  apparatus  whicli  he  employed  is  shown  in  Fig.  1.  It  con- 
sisted of  a  sheet-iron  cylinder,  B,  open  at  the  top  and  closed  at  the 
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bottom  by  a  perforated  plate,  the  ^whole  vessel  being  lined  with 
refractory  material.  It  was  filled  with  the  carburizing  material  and 
then  ])laced  between  the  two  steel-ladles,  A  and  C,  or  between  the 
open-hearth  furnace  and  the  steel-ladle.  The  fluid  metal  was 
poured  through  this  carbon-filter,  and  by  the  consequent  absorption 
of  carbon  it  was  brought  to  the  required  percentage. 


Fig.  1. 


First  Form  of  Carburizing  Apparatus  for  Open-Hearth  Practice. 

Further  experiments  demonstrated  that  the  absorption  of  the 
carbon  was  so  raj)id  as  to  render  unnecessary  the  prolonged  contact 
afforded  by  the  above  described  method  of  filtration,  and  hence  Mr. 
Darby  constructed  the  apparatus  shown  in  Fig.  2. 

In  this  the  cylindrical  filter  is  replaced  by  the  vessel  B,  which  is 
conveniently  supported  between  the  open-hearth  furnace  and  the 
steel-ladle,  or  between  two  steel-ladles.  Like  the  first  filter,  it  is 
also  lined  with  refractory  material  and  furnished  with  a  perforated 
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refractory  bottom-plate.  Above  this  vessel  is  placed  a  feed-hopper, 
H,  containin<>;  the  roughly  broken  carbiirizing- material.  This 
receptacle  is  fitted  with  a  slide-valve,  S,  the  opening  of  which 
permits  the  carbon  to  be  discharged  at  any  desired  rate  into  the 
vessel,  K,  where  it  mixes  with  and  carburizcs  the  fluid  steel,  which 
then  flows  out  through  tlie  holes  in  the  bottom-plate.  As  a  rule  the 
carburization  is  effected  during  the  first  third  of  the  cast.  The 
remainder  of  the  charge  of  soft  steel  is  then  mixed  with  the  already 


Fig.  2. 


^ 


Second  Form  of  Carburiziiig  Apparatus  for  Open-IIearlh  Practice. 


carburized  metal  in  the  ladle  to  form  a  homogeneous  whole.  When 
graphite  is  employed  as  the  carburizing  agent,  the  loss  by  burning 
is  15  to  20  per  cent.,  but  it  is  greater  when  coke  is  used. 

Mr.  Darby's  experiments  were  confined  to  the  carburizing  of 
open-hearth  steel.  By  the  use  of  his  process  in  conjunction  with 
the  basic,  he  succeeded  in  producing  from  phosphoric   raw  material 
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an  excellent  product,  which  with  any  desired  percentage  of  carbon 
up  to  0.9  per  cent.,  contained  only  small  traces  of  other  substances, 
and  was  distinguished  by  its  exceeding  toughness  from  all  pre- 
viously known  kinds  of  open-hearth  metal.  It  has  been  worked 
into  chisels,  knives,  wire,  etc.,  with  the  best  results.  The  certainty 
of  obtaining  the  required  percentage  of  carbon  in  the  metal  was 
very  great,  the  range  of  variation  from  the  desired  limit  rarely  ex- 
ceeding 0.01  per  cent,  to  0.02  per  cent.  The  rolling-properties  of 
the  material  were  excellent,  even  with  very  small  additions  of  ferro- 
manganese  or  ferro-silicon.  For  the  harder  steels  the  process  was 
soon  employed  at  Brymbo  to  the  exclusion  of  any  other. 

Fig.  3. 


l-ii-.-,l  Funii  of  Carbiiiii;ing  Appiiratiis  fur  Bessemer  Practice. 

In  order  to  apply  his  process  to  the  Bessemer,  Mr.  Darby  entered 
into  an  agreement,  in  1889,  with  the  Phoenix  Company,  of  Laar, 
near  Ruhrort,  on  the  Rhine.  Experiments  were  made  in  the  basic 
Bessemer  works  with  an  apparatus  of  the  type  described  in  Fig.  2. 
to  which,  however,  the  arrangement  .shown  in  Fig.  3  was  given. 
The  carburizing  vessel,  B,  was  i)hiced  between  the  two  ladles,  A  and 
C,  and  while  the  steel  flowed  from  the  first  into  the  second  ladle,  it 
was  carburized  by  material   discharging   from  the  hopper,  II,'at  a 
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rate  retrnlatecl  by  the  valve-handle,  D.  It  soon  became  raaiiifest, 
however,  that  though  the  basic  converter-steel  could  be  readily  car- 
burized  by  the  j)rocess,  it  lost  its  rolling-properties  to  such  an  extent 
that  the  ingots  fell  to  pieces  in  the  rolls.  The  cause  of  this  trouble 
was  discovered  to  be  that  for  four  minutes  more  than  sixty  fine 
streams  of  steel  were  subjected  to  the  oxidizing  influence  of  the 
atmosphere.  This  difficulty  was  met  by  substituting  for  the  60 
holes  in  the  bottom  of  the  vessel  a  single  one  of  adequate  diameter; 
a  considerable  imjn-ovement  in  the  rolling-pro]icrty  of  the  ingots  was 


Fig.  4. 


Second  Form  of  Carltnrizing  Apparatus  for  Bessemer  Practice,  showing 
Worm-Feed. 


effected,  but  yet  it  was'  not  as  good  as  that  of  the  ordinary  Thomas 
ingots,  and  hence  the  apparatus  was  superseded  by  the  arrangement 
shown  in  Figs.  4  and  6.  Here  the  carburizing-vessel  was  replaced 
by  a  refractory-lined  funnel,  B,  provided  with  a  hole  at  the  bottom, 
and  set  between   the  casting-ladle  and   the   moulds.      By  a   feed- 
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arrangement  attaclied  to  the  side  of  the  casting-crane,  the  ground 
carburizing-material  could  be  regularly  supplied  to  the  funnel,  B. 
This  feeding  device  consists  of  an  accurately  bored  cylinder,  E,  pro- 
vided with  a  lathe-cut  worm,  the  hopper,  H,  and  the  turning-gear, 
G.  The  amount  of  carbonaceous  material  discharged  from  E  is 
obviously  proportional  to  the  revolutions  of  the  endless  screw,  and 
hence  can  be  accurately  controlled.  By  the  employment  of  this 
apjiaratus  the  carburizing  is  successfully  accomplished,  and  ingots  of 
good  rolling-properties  are  obtained.     As  ground  coke  was  found  to 


F]G.  o. 


Modified  Second  Form  of  Carbiirizinnf  A|)|);ir:itiis  for  Besse  ner  Practice, 
showing  Fan-Wlieel  Feed. 


be  more  quickly  absorbed  than  graphite,  all  the  experiments  were 
conducted  with  the  former,  and  this  may  possibly  account  for  the 
very  even  distribution  of  carbon  in  ingots  weighing  as  much  as 
1400  kilos  each  and  measuring  16  inches  square.  The  increase  of 
carbon  not  infrequently  found  in  the  tops  of  ingots  of  this  weight 
was  overcome  by  the  exercise  of  a  little  care  in  diminishing  the 
amount  of  the  carburizer  ad(ied  to  the  upper  portion  during  the 
onst.     In  order  to  test  the  equal  distribution  of   the  carbon,  ingots 
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were  rolled  down  to  2-inch  billets  and  tests  taken  from  the  two  ends 
and  the  middle  of  each. 

Fig.  5  shows  another  arrangement  for  carrying  out  the  process. 
The  carburizing  agent  drops  from  the  hopper,  H,  into  the  fan-wheel, 
E.  By  turning  this  wheel  with  the  crank,  G,  the  filled  compart- 
ments discharge  themselves  and  supply  the  material  in  regulated  jiro- 
portion  to  the  vessel,  B.  The  results  obtained  from  a  trial  of  this 
apparatus  are  given  in  Table  I.,  on  page  801. 

Fig.  6. 


Second  Form  of  Carburizing  Apparatus  for  Bessemer  Practice, 
siiowinar  Worm-Feed. 


Although  this  method  of  carrying  out  the  process  was  an  advance 
on  all  earlier  methods,  yet  it  had  the  disadvantage  of  depending  on 
the  workman  who  revolved  the  feed-screw  for  the  proper  degree  and 
uniformity  of  the  carburization.  To  eifect  the  rotation  by  mechani- 
cal means  appeared  impracticable,  because  the  feed  should  be  con- 
tinually adjusted  to  the  changing  stream  of  molten  steel,  and  must 
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therefore  vary  with  the  temperature  of  the  metal  and  condition  of 
the  tap-hole.  The  observation  that  the  carburizing-material,  and 
more  particularly  the  finely-ground  coke,  is  almost  immediately  ab- 
sorbed at  its  first  contact  with  the  molten  steel,  led  to  an  arrange- 
ment, shown  in  Fig.  7,  by  which  this  last  difficulty  finally  was  ob- 
viated. The  carburiziup;  ao;ent  was  added  direct  to  the  stream  of 
molten  metal  discharg-ino;  from  the  converter  before  it  reached  the 
steel-ladle,  while  the  slag  was  retained  in  the  converter  until  the 
carburization  was  complete,  by  placing  a  block  of  refractory  mate- 
rial or  a  suitably  formed  guard,  E,  protected  by  a  refractory  cover- 
ing, at  the  mouth  of  the  vessel.  The  quantity  of  the  carburizer 
delivered  from  the  hopper,  H,  is  controlled  as  before  by  the  slide- 
valve,  S. 

Some  of  the  results  obtained  in  operating  by  this  method  are  given 
in  Table  II.,  on  page  802. 

Seventy  per  cent,  of  all  the  rail-steel  charges  blown  at  the  Phoenix 
works  (Fig.  7)  during  the  month  of  June,  1890,  were  produced  in 
this  way,  and  also  a  number  of  charges  of  other  grades  of  Thomas- 
steel  for  tempering  and  welding,  all  of  which  gave  satisfactory  results. 
In  using  this  method  of  carburizing  with  the  Thomas  process  the 
same  addition  of  ferro-manganese  is  required  as  is  usually  necessary 
for  charges  of  soft  steel  not  previously  carburized,  or  for  harder  grades 
of  steel  previously  carburized  with  spiegeleisen. 

After  a  series  of  very  successful  results  had  been  obtained  in  this 
simple  way,  the  practice  of  the  process  was  extended  to  the  open- 
hearth  and  acid  Bessemer  departments.  The  results  obtained  have 
been  so  favorable  that  the  employment  of  a  special  carburizing-vessel 
has  been  altoo^ether  discarded  in  the  works. 

Summarizing  the  advantages  of  this  carburizing  process  in  each 
of  the  methods  for  producing  steel,  we  find  : 

1.  In  the  basic  Bessemer  or  Thomas  process,  that  carburizing 
takes  place  in  almost  the  entire  absence  of  the  slag  (which  is  rich  in 
oxides  and  phosphoric  acid),  and  hence  that  the  action  proceeds  with 
certainty,  and  is  accompanied  by  no  noteworthy  re-phosphorization, 
and  that  it  is  practicable  to  carry  it  up  to  any  desired  percentage  of 
carbon  without  simultaneously  increasing  the  {)ercentage  of  manga- 
nese. By  dispensing  with  the  addition  of  spiegel  a  considerable 
economy  is  effected. 

2.  In  the  acid  Bessemer  process,  that  the  carburization  up  to  the 
highest  grades  of  hardness  is  efifected  with  far  greater  certainty  than 
bv  the  aid  of  spiegel,  and  without  tlie   increase  in  manganese  which 
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is  unavoidable  in  the  ordinary  process.     Here,  also,  a  considerable 
economy  results   from  the  saving  of  spiegel.     A  number  of  trials 


Fig. 


Latest  Form  of  Curbuiizin^^  Apparatus  for  Basic  Fessenier  Practice,  at  tlie  Phoeni.'i 
Steel- Works,  Kuhrort,  Germany. 

have  been  made  at  American  works,  the  lesults  of  which  are  given 
in  Table  lY.,  on  page  803. 
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3.  In  the  acid  and  basic  open-hearth  processes,  that  the  advantages 
secured  are  verv  nearly  identical  with  those  obtained  for  the  acid  and 
basic  Bessemer  processes,  the  very  considerable  cost  of  ferro-manga- 
nese  and  ferro-silicon  being  either  wholly  or  largely  avoided.  The 
use  of  this  carburizing  process  in  conjunction  with  the  basic  open- 
hearth  affords  means  for  the  production  of  a  steel  which  can  compete 
for  many  purposes  with  crucible-metal.  By  this  method,  moreover, 
a  material  can  be  easily  produced  which  will  probably  prove  valu- 
able as  a  raw  material  for  the  crucible  process. 

To  illustrate  the  saving  resulting  from  the  use  of  the  new  proces>:, 
the  following  cases  are  cited  from  practice  : 

The  production  in  the  basic  converter  of  9  to  9.5  tons  of  rail-steel 
having  a  tensile  strength  of  50  kgs.  per  sq.  mm.[{71,115  pounds  per 
square  inch),*  requires  : 

By  the  ordinary  process : 

Spiegeleisen,  10-12  percent.,     ....     600  kgs.  (1320  lbs.) 
■  Ferro-manganese,  60-65  per  cent.,     .         .         .       80    "      (  176    "  ) 

By  the  carburizing  process  : 

Spiegelesen, nil. 

Ferro-manganese,  60-65  per  cent 80    kgs.  (176  lbs.) 

Coke,  60      «     (132    "    ) 

The  calculation  for  acid  working  likewise  results  in  favor  of  the 
carburizing  process. 

If  steel  of  the  same  hardness  is  to  be  produced  in  the  basic  open- 
hearth  furnace,  a  charge  for  a  ten-ton  output  will  require  : 

By  the  ordinary  process  : 

Spiegeleisen,  10-12  per  cent.,      ....     250  kgs.  (550  lbs.) 
Ferro-manganese,  60-65  per  cent.,       .         .         •       80    "      (176    "  ) 

By  the  carburizing  process  : 

Spiegeleisen,         .......       nil- 

Ferro-manganese,  60-65  per  cent.,        .         Up  to       12  kgs.  (  26  lbs  ) 
Coke, 50     "     (100    "  ) 

In  this  case,  therefore,  the  economy  resulting  from  the  employment 
of  the  carburizing  process  is  likewise  considerable,  and  the  same  holds 
true  for  the  acid  open-hearth  process. 

*  A  stress  of  1  kilogramme  per  square  millimeter  is  equivalent  to  1422.3  pounds 
per  square  inch. 
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It  is  evident  from  the  above  tliat  in  the  point  of  cost  the  advan- 
tage of  tlie  carbiirizing  process  increases  with  the  hardness  of  the 
material  to  be  produced.  To  its  superiority  in  affording  a  means  for 
producing  the  harder  grades  of  steel  with  far  greater  ease  and  cer- 
tainty, should  therefore  be  added  the  very  considerable  economy  in 
the  cost  of  production,  in  contrast  with  which  the  cost  of  the  old 
process  rose  considerably  with  the  grade  of  hardness. 

During  the  latter  part  of  hist  July  an  experiment  w^as  made  in 
connection  with  the  carburizing  process,  the  result  of  which  has 
been  very  satisfactory.  In  our  manufacture  of  tires  the  ingots  are 
hammered  into  flat  disks,  which  are  perforated  in  the  middle,  and 
the  hole  is  enlarged  before  the  disk  is  reheated  for  rolling.  This 
mode  of  manufacture  demands  a  perfectly  even,  non-porous  top  sur- 
face for  the  ingot,  as  any  deficiencies  would  be  detected  in  the  finished 
tire.  Although  open-heartii  steel,  directly  carburized,  is  compara- 
tively quiet,  yet  as  it  is  not  absolutely  dead  immediately  after  pour- 
ing, it  was  not  deemed  advisable  to  use  it  as  a  material  for  tires. 
Experiments,  however,  were  made  by  adding  small  proportions  of 
aluminum  in  the  bath,  and  it  was  found  that  an  addition  of  at  most 
0.04  percent,  of  aluminum  resulted  in  an  ingot  which  was  absolutely 
free  from  blow-holes  and  cavities,  and  eminently  suited  for  the  manu- 
facture of  tires.  In  further  experiments  with  aluminum  several 
castings  were  made  of  the  carburized  metal,  and  these  proved  equally 
satisfactory,  being  positively  without  flaw.* 

Table  I. — Showmg  the  Results  of  Carhurlz'ing  Basic  Converter- 
Metal  by  the  Second  Method,  Fig.  5. 


2 

Carbon  Obtained,  per  cent. 

6 

1 

n 

n 

Number  of  Ingot-Section. 

A. 

B. 

C. 

1 

0.25 

0.255 

0.260 

0.251 

2 

0.25 

0.244 

0.248 

0.254 

3 

0.30 

0.285 

0.311 

0.306 

4 

0.35 

0.330 

0.324 

0.340 

5 

0.35 

0.350 

0.357 

0.352 

6 

0.45 

0.461 

0.455 

0.470 

*  An  interesting  collection  of  samples  of  steel  carburized  by  the  Darby  process 
was  exhibited  by  the  author,  and  upon  the  conclusion  of  the  reading  and  discussion 
of  his  paper,-  was  donated  by  him  to  the  Engineers'  Society  of  Western  Pennsylvania, 
in  whose  belialf  the  gift  was  suitably  acknowledged  by  Prof.  J.  W.  Langley. 
VOL.  XIX. — 51 
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Table  II. — Showing  the  Results  of  Carburizing  Basic  Converter- 
Metal  by  the  last  Method,  Fig.  7. 


No.  of 
Heat. 

ICarbon,  pee  cent. 

Phosphohus,  per  cent. 

Before  Car- 
burization. 

1 
After  Carburization. 

Before  Car- 
burization. 

After  Car- 
burization. 

First  Ingot. 

First  Ingot. 

Last  Ingot. 

First  Ingot. 

1 

0.073 

0.285 

0.290 

0.040 

0.040 

2 

0.070 

0.268 

0.266 

0.052 

0.070 

3 

0.082 

0.293 

0.290 

0.045 

0.054 

4 

0.078 

0.301 

0.320 

0.038 

0.0461 

5 

0.080 

0.274 

0.276 

0.049 

0.049 

6 

0.091 

0.315 

0.320 

0.074 

0.085 

7 

0.083 

0.298 

0.290 

0.063 

0.072 

8 

0.095 

0.274 

0.277 

0.048 

0.049 

9 

0.072 

0.2&4 

0.279 

0.055 

0.067 

10 

0.083 

0.269 

0.266 

0.042 

0.050 

11 

0.089 

0.300 

0.312 

0.044 

0.056 

12 

0.077 

0.323 

0.320 

0.073 

0.075 

Table  III. — Showing  the  Results  of  Carburizing  Basic 
Open-Hearth  Metal. 


No.  of 
Heat. 

Carbon 

Required, 

Per  cent. 

Carbon  Obtained,  per  cent. 

Before 
Carburization. 

After  Carburization. 

1 

First  Ingot. 

First  Ingot. 

First  Ingot. 

Last  Ingot. 

1 
2 
3 
4 
5 

0.51 
0.60 
0.65 
0.70 
0.80 

0.075 
0.072 
0.069 
0.076 
0.070 

0.510 
0.592 
0.068 
0.708 
0.804 

0.592 
0.660 
0.700 
0.804 
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Table  IV. — Showing  the  Results  obtained  by  Carnegie,  Phipps  &  Co. 
in  Cai'bunzing  Acid  Converter- Metal, 


No.  of 
Heat. 

Carbon  Required, 
per  cent. 

Carbon  Obtained, 
per  cent. 

1 

0.30  to  0.32 

0.30 

2 

0.28  "  0.30 

0.27 

3 

0.28  "  0.30 

•  0.32 

4 

0.36   "  0.42 

0.37 

5 

"      "      " 

0.39 

6 

"      "      " 

0.42 

7 

.,      ..      » 

0.43 

8 

"      "      " 

0.42 

Table  V. — Showing  Hesults   of  Carburizing   Acid    Opjen- Hearth 

Metal. 


Carbon  Obtained 

,  per  cent. 

No.  of 
Heat. 

Carbon  Required, 
per  cent. 

Beginning 
of  cast. 

End  of 
Cast. 

1 

0.30  to  0.32 

0.30 

2 

0.28   "   0.30 

0.27 

3 

0.28   "  0.30 

0.32 

4 

0.36   "   0.42 

0.37 

5 

"      "      " 

0.39 

6 

"      "      " 

0.42 

7 

"      "      " 

0.43 

8 

"      "      " 

0.42 

9 

0.50 

0.51 

10 

0.60 

0.592 

0.592 

11 

0.65 

0.668 

0.660 

12 

0.70 

0.705 

0.700 

13 

0.80 

0.804 

0.804 

Discussion. 

Percy  C.  Gilchrist,  London,  England :  Allow  me  to  con- 
gratulate Ilerr  Tliielen  on  the  very  clear  way  in  which  he  has  put 
the  matter  before  us.  I  fully  endorse  the  necessity  for  the  process. 
It  is  well  known  by  all  who  h^ve  had  anything  to  do  with  the 
basic  process  that  it  is  remarkably  ea-sy  to  make  very  soft  steel,  and 
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very  difficult,  requiring  a  great  deal  of  skill,  to  make  steel  with  a 
regular  percentage  of  carbon  above  0.45  or  0.50  per  cent,  at  the  out- 
side. Consequently,  when  Mr.  Darby  at  the  outset  told  me  of  this 
process  I  immediately  went  to  see  it,  and  have  followed  it  step  by 
step  with  the  greatest  interest.  You  will  remember,  those  of  you 
who  are  conversant  with  the  basic  open-hearth  and  the  basic  con- 
verter processes,  that  in  order  to  perfect  them,  two  discoveries  w'ere 
required  in  the  case  of  the  basic  open-hearth,  and  three  discoveries 
in  the  case  of  the  basic  Bessemer.  This  Darby  process  for  giving  a 
regular  amount  of  carbon  from  0.1  up  to  0.9  or  1  per  cent.,  is  one 
of  those  discoveries.  Mr.  Darby  carried  on  the  process,  as  the  author 
tells  you,  in  the  basic  open-hearth  ;  and  Mr.  Thielen  was  so  satisfied 
w'ith  the  results  that  he  thought  it  possible  to  apply  it  with  success 
to  the  basic  Bessemer ;  and  great  credit  is  due  to  him  and  his  staff 
for  the  successful  way  in  which  they  have  overcome  some  of  the  dif- 
ficulties which  were  encountered  in  applying  the  new  process  to  the 
basic  Bessemer.  In  July  of  this  year  Mr.  Arthur  Cooper,  General 
Manager  of  the  North-Eastern  Steel  Works  (which  you  will  remem- 
ber is  a  basic  Bessemer  plant,  producing  some  3000  tons  of  basic 
ingots  a  week)  went  with  me  to  Ruhrort,  where  we  were  permitted  to 
inspect  freely  the  operations  in  the  basic  open-hearth  and  also  in  the 
basic  Bessemer.  I  will  not  weary  you  with  the  details  of  what  we 
saw.  They  are  much  more  clearly  put  in  the  paper  that  we  have 
just  heard  than  I  could  set  them  before  you  now.  Everything  that 
Mr.  Thielen  has  said  in  his  paper  agrees  with  what  we  found  for 
ourselves  on  the  occasion  of  our  visit.  So  satisfied  was  Mr.  Cooper 
with  the  results  that  within  a  very  few  weeks — I  am  speaking  from 
memory,  but  I  am  inclined  to  think  within  a  week — of  his  return, 
he  carburized  some  hundreds  of  tons  by  this  method  at  the  North- 
Eastern  Steel  Company's  works  ;  and,  knowing  that  this  paper  was 
j)romised,  I  requested  him  to  give  me  some  results  that  might  be 
taken  as  typical  of  all  his  results.  You  will  have  noticed  that  the 
German  experience  showed  a  slight,  but  only  a  very  slight,  rephos- 
phorization.  Mr.  Cooper's  experience  up  to  the  time  that  I  left 
England  showed  no  rephosphorization  at  all.  To  that  extent  it 
differs,  and  is  an  improvement  on  the  German  experience.  On 
September  16,  1890,  Mr.  Cooper  sent  me  the  following  record  of  his 
results: 
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Recarhurized  Ingots. 


Blow  370. 

Blow  378. 

Ingot 
No. 

Carb. 

Pho 

5.               Mn. 

■  Ingot 
No. 

Carb. 

Phos. 

Mn. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

.44  per  ct. 

.47       " 

.06  pei 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

ct 

1 

2 
3 
4 

5 
6 

7 
8 

.32  per  ct. 
.32      " 

.06  per  ct. 
.06       " 

.07       " 
.06       " 
.07       " 
.07       " 
.07       " 
.07       " 

.47 
.48 
.48 
.48 
.47 
.44 
.48 

' 

.69  per  ct. 

.27 
.35 
.32 
.33 
.32 
.35 

.58  perct. 

, 

'          .66  per  ct. 

.46  per  ct. 

, 

'          .58  per  ct. 

Mechanical  Tests. 


Date. 

Blow 
No. 

:  Ingot 
No. 

Length  of 
Test. 

Bearing. 

Ball. 

Drop,  20  feet. 
Deflection  in  inches. 

No.l. 
1% 

No.  2. 
3>^ 

July  24 

370 

1 

30'  0" 

3'  6" 

16  cwts. 

No.  3.* 
Stood. 

No.  4* 
Stood 

370 

5 

" 

li% 

3:', 

378 

10 

5'  0" 

4% 

8/3 

378 

11 

4,% 

8 

378 

12 

i}i 

&^ 

378 

13 

4i\ 

8/8 

378 

14 

4^ 

St'b 

378 

15 

< 

4i\ 

8% 

378 

16 

4^ 

StV 

378 

17 

4% 

8iV 

*  Kail  reversed  for  last  two  blows. 

In  blow  370  the  amount  of  carbon  aimed  at  was  0.45  to  0.50  per 
cent.  The  actual  results  showed  0.44  of  carbon  as  a  minimum  and 
0.48  as  a  maximum  in  the  nine  ingots.  The  phosphorus  in  each 
ingot  appears  to  be  .06  per  cent.  The  manganese  varies  from  .58  to 
.69.  The  mechanical  test  for  this  charge  was  30  feet  long,  3  feet  6 
inches  bearing,  20  feet  drop,  and  weight  1600  pounds.  There  wer6 
four  blows.  The  first  blow  gave  If  inches  deflection;  the  second, 
IJ  inches.  The  rail  was  then  reversed  and  had  two  more  blows, 
each  of  20  feet,  and  it  did  not  break. 

In  blow  378  the  carbon  aimed  at  was  0.30  to  0.35.     The  carbon 


806  ox   THE    DARBY  PROCESS   OF    RECARBURIZATION. 

obtained  was  0.27  for  the  lowest  result  and  0.35  for  the  highest. 
The  phosphorus  varied  from  .06  in  the  first,  second  and  fourth 
ingots,  to  .07  in  the  other  five  ingots.  The  manganese  was  .46  to 
.58.  The  result  of  the  falling-weight  test,  as  shown  in  the  table,  is 
exceedingly  regular. 

Mr.  Cooper  tells  me  he  has  found  that  special  care  is  required  in 
the  selection  of  the  carburizing-agent.  His  experience  thus  far  has 
pointed  to  the  avoidance  of  material  containing  much  ash  or  oxide 
of  iron.  Observing  all  proper  precaution  in  this  respect,  we  shall 
be  able  to  obtain  what,  I  think,  is  the  right  product — an  alloy  of 
iron,  carbon  and  manganese,  which  will  roll  like  copper. 

G.  J.  Snelus,  Workington,  England  :  Many  of  our  members  will 
remember  that  so  long  ago  as  1878,  when  I  read  my  first  paper  upon 
the  basic  process,  I  pointed  out  that  a  possibility  was  then  presented 
for  making  a  steel  which  would  exceed  in  quality  the  famous  tool- 
and  cutlery-steel  made  from  Swedish  material,  inasmuch  as  we  had 
become  able  to  produce  a  metal  which  contained  less  phosphorus 
than  that  celebrated  product  from  Sweden.  The  first  piece  of  steel 
which  was  made  in  1872  by  the  basic  process  contained  about  .001 
per  cent,  of  phosphorus  from  a  metal  containing  1|  per  cent.  Such 
results  were  repeatedly  obtained  by  my  friends  and  co-workers,  Mr. 
Thomas  and  Mr.  Gilchrist;  and  it  occurred  to  me  very  early  that  if 
it  was  possible  to  get  a  basic  material  so  pure  as  this,  it  must  un- 
doubtedly take  the  place  of  even  Swedish  metal. 

i\Ir.  Darby  very  kindly  allowed  me  to  see  this  process  at  the 
Brymbo  works  last  year;  and  in  our  journey  over  here  to  America 
he  very  kindly  admitted  that  he  was  working  upon  the  suggestions 
which  I  then  threw  out.  But  of  course  I  admit  that  the  point  of 
importance  is  his  discovery  that  solid  carbon  will  recarburize  this 
steel.  It  was  quite  evident  that  you  could  recarburize  a  pure  metal 
with  other  compounds — take  cemented  steel,  for  instance;  but  Mr. 
Darby's  use  of  the  solid  carbon  is  a  very  great  step  in  advance; 
and  there  can  be  no  doubt  that  it  will  tend  to  revolutionize  the 
manufacture  of  steel. 

I  venture  to  say,  however,  that  I  think  its  most  important  appli- 
cation will  be  in  the  manufacture  of  fine  steel ;  because  I  found  years 
ago,  in  investigating  the  difference  between  steel  made  from  our 
Cumberland  iron  containing,  say  .003  per  cent,  of  phosphorus,  and 
that  made  from  Swedish  iron  containing  about  one-half  the  quantity, 
that  it  was  the  phosphorus  in  that  immeasurably  small  quantity 
which  prevented  our  Cumberland  iron  from  being  used  for  cutlery- 


CONTRIBUTIONS   TO    METALLURGY   OF    IRON    AND   STEEL. 


807 


steel,  because  that  small  quantity  of  phosphorus  produced  brittleness 
and  prevented  our  getting  a  keen  cutting  edge.  When  I  had  satis- 
lied  myself  of  this  fact,  it  naturally  occurred  to  me  that  if  we  could 
produce  a  steel  with  as  small  a  quantity  of  phosphorus  as  we  know 
we  now  can,  that  this  would  ultimately  be  the  basis  for  fine  steel. 
It  did  not  occur  to  me  that  we  should  attempt  to  use  this  process  of 
recarburizing  for  the  coarser  grades  of  steel  for  rails  and  for  plates ; 
but  from  the  discovery  of  Mr.  Darby  it  appears  that  this  is  prac- 
ticable, and  it  certainly  reflects  great  credit  upon  him  and  upon  our 
worthy  President,  Mv.  Thielen,  for  the  clever  way  in  which  they  have 
carried  the  process  to  success. 

P.  C.  Gilchrist,  London,  England  (communication  to  the  Sec- 
retary-):  To  substantiate  my  statement  at  the  meeting  regarding  the 
entire  absence  of  rephosphorization,  I  have  obtained  from  Mr. 
Cooper,  of  the  North-Eastern  Steel  Co.,  the  following  figures  giving 
the  phosphorus  in  the  metal  both  before  and  after  carburizing: 


82,764 

82,76f 

82,768 

82,774 

82,780  82,781 

82,782 

82,791 

82,794 

82,798 

Phosphorus  in  soft  steel, 
before  carburizing,  pr.  ct. 

Phosphorus  in  hard  steel, 
after  carburizing,  pr.  ct. 

.06 

.07 

.06 

.07 

.07       .07 

.07 

.07 

.07 

.07 

.06 

.07 

.06 

.07 

.07       .07 

.07 

.07 

.07 

.07 

It  is  evident,  therefore,  that  the  steel  can  be  carburized  without 
rephosphorization,  but  to  attain  this  result  great  care  is  required  to 
keep  back  the  whole  of  the  slag  in  the  converter. 


BEITISH  CONTRIBUTIONS  TO  THE  METALLURGY  OF 
IRON  AND  STEEL. 

BY  SIR  JAMES   KITSON,    BART.,   LEEDS,   ENGLAND. 


(Opening  Address  at  the  Pittsburgh  International  Session,  October,  1890.) 

By  the  courtesy  of  the  President  and  Council  of  the  American 
Institute  of  Mining  Engineers,  I  have  been  invited  to  take  the  chair 
and  open  the  proceedings  of  this  congress.  It  is  a  graceful  compli- 
ment to  tho.se  members  of  the  Iron  and  Steel  Institute  who  are  your 
honored  guests  at  this  moment — an  acknowledgment  of  high  consid- 
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eration  for  scientific  services  rendered  to  a  great  industry  by  the 
Iron  and  Steel  Institute  and  a  mark  of  distinction  conferred  upon 
its  President.  Though  conscious  of  my  own  deficiencies,  I  grate- 
fully accept  the  position,  feeling  that  the  Institute  is  worthy  of  the 
respect  you  show  it ;  for  we  count  among  our  members  men  who 
merit  the  honors  which  you  offer,  men  whose  names  are  known 
throughout  the  world  as  those  of  leaders  in  the  scientific  study  of 
the  laws  which  govern  the  acquisition  and  production  of  the  metal 
which  we  know  as  iron- and  steel. 

Our  Institute  is  not  exclusively  British ;  in  truth,  it  is  cosmopoli- 
tan, having  enrolled  on  its  list  of  members  distinguished  metallur- 
gists of  the  United  States,  Germany,  France,  Sweden  and  Russia. 
The  birthplace  and  headquarters  of  the  Institute  are  in  England. 
May  I  then,  without  incurring  a  verdict  of  unseemly  presumptuous- 
ness,  ask  you,  for  a  moment,  to  consider  how  much  the  world  is 
indebted  to  my  native  land  for  the  vast  benefits  which  mankind  has 
received  fi'om  its  engineers  and  its  manufacturers  of  iron  and  steel? 

The  inventions  of  Watt  and  Trevithick,  the  development  of  the 
steam-engine,  with  all  its  consequential  powers;  the  construction  of 
the  locomotive  and  the  creation  of  the  railroad  by  Stephenson,  are 
directly  the  work  of  England  and  of  Englishmen.  These  inventions 
have  created  that  system  of  railways  and  service  of  ocean  steamers 
which  have  brought  the  nations  of  the  earth  together  and  made  new 
lands  accessible  and  serviceable  to  man,  and  which  are  destined,  in 
due  time,  to  diffuse  knowledge  and  civilization  into  every  quarter  of 
the  globe. 

The  puddling-furnace  of  Cort  and  his  method  of  rolling  the  pud- 
dled blooms  in  grooved  rolls,  produced  wrought-iron  in  quantities 
and  at  a  cost  previously  unattainable.  Through  these  inventions, 
South  Wales  became  the  seat  of  the  rail  trade,  and  for  many  years 
it  was  enabled  to  dominate  the  rail  trade  of  the  world.  The  pud- 
dling-furnace continued,  from  the  latter  part  of  the  last  to  the  mid- 
dle of  the  present  century,  to  be  the  instrument  by  which  practically 
all  the  malleable  iron  in  the  world  was  made. 

The  hot-blast  process  of  IS'eilson,  patented  in  1828,  secured  a 
great  economy  of  fuel  and  a  large  increase  of  production.  It  entirely 
altered  the  condition  of  the  pig-iron  manufacture,  and  was  truly 
ranked  by  Mushet  as  "a  means  of  developing  the  national  wealth, 
of  equal  value  with  Arkwright's  invention  of  cotton-spiiniing." 

The  economy  effected  in  the  use  of  coal  in  the  various  processes 
of  the  manufacture  of  iron  and  steel  has  been  great  and  progressive. 
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The  margin  for  economy  which  then  existed  has  been  narrowed,  but 
still,  as  we  know  on  the  authority  of  Sir  Lowthian  Bell,  the  duty 
])erformed  is  by  no  means  equivalent  to  the  whole  of  the  useful 
effect  which  coke  is  capable  of  affording.  "  Taking  a  ton  as  being 
able  to  produce  twenty  hundredweight  of  pig-iron  from  Cleveland 
JVonstone;  this,  after  an  allowance  for  ash,  etc.,  when  burnt  to  carbon 
dioxide,  represents  147,200  calories,  whereas  something  like  90,000 
calories  has  been  the  limit  of  the  power  obtained."  This  sacrifice  of 
40  per  cent,  lends  itself  to  further  reduction,  as  does  the  heat  held  in 
the  stream  of  molten  slag  flowing  from  the  furnace. 

Nasmyth's  steam-hammer  gave  the  means  of  forging  iron,  which 
led  to  rapid  developments  and  improvements  in  the  applications  of 
iron.  The  reversing  rolliug-mill  engine  of  Ramsbottom  has  been 
invaluable  in  the  rolling  of  plates  and  bars  of  great  dimensions.  The 
forging-press,  too,  has  been  designed  and  improved  by  English  in- 
ventors, to  whom  the  world  owes  much  for  other  mechanical  appli- 
ances devised  to  meet  the  various  wants  of  the  Bessemer  process  and 
the  treatment  of  massive  iron  and  steel. 

To  you,  the  most  important  invention  of  modern  times  has  proba- 
bly been  that  of  Sir  Henry  Bessemer.  It  has  given  you  a  material 
in  quality  and  quantity  for  your  railroads  which  it  was  a  physical 
impossibility  to  obtain  by  the  ancient  methods  of  iron-making.  It 
is  no  exaggeration  to  say  that  without  the  Bessemer  process  for  steel 
rail  making,  the  present  rail  way -system  of  the  new  lands  you  have 
peopled,  and  the  binding  together  of  the  vast  territory  between  the 
Atlantic  and  Pacific  under  one  civilized  power  would  not  yet  have 
been  effected.  Sir  Henry  Bessemer  has  prepared,  at  my  request,  for 
communication  to  this  meeting,  an  account  of  his  discovery  of  the 
process  of  manufacturing  what  is  known  as  Bessemer  steel ;  and 
some  history  of  his  investigations  and  the  way  in  which,  step  by 
step,  he  overcame  the  difficulties  which  he  encountered  in  the  devel- 
opment of  his  remarkable  invention. 

It  reads  as  follows : 
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Herewith,  gentlemen,  I  have  the  pleasure  of  presenting  this  auto- 
graph letter  of  Sir  Henry  Bessemer  to  the  American  Institute  of 
Mining  Engineers,  and  would  ask  the  Institute  to  place  tins,  bir 
Henry  Bessemer's  own  account  of  his  early  struggles,  among  the 
archives  of  the  Society. 


1 
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The  Siemens-Martin  process  of  the  raanufaotiire  of  open-hearth 
steel  lias  met  with  its  greatest  development  in  England,  and  enabled 
us  to  prodnce  a  superior  material  for  the  requirements  of  the  ship- 
builder, of  which  he  has  availed  himself  to  a  vast  extent.  In  Great 
Britain,  the  production  of  Bessemer  steel  ingots  in  1889  was  2,140,- 
791  tons;  of  open-hearth  steel  ingots,  1,429,169  tons.  In  Great 
Britain  and  Ireland  we  are  justly  proud  of  our  mercantile  marine. 
The  supremacy  of  our  ship-building  and  of  our  shij)ping  interests 
is  based  upon  the  excellent  quality  and  abundant  supply,  at  a  mod- 
erate price,  of  steel  furnished  by  our  steel-makers. 

The  demands  of  naval  architects  and  marine  engineers  have  been 
responded  to  with  intelligence  and  enterprise.  Plates,  frames,  shafts, 
forgings,  steel-castings  of  forms  and  dimensions  thought  impossible 
but  a  few  years  ago,  have  been  manufactured  at  low  prices.  These 
productions  have  enabled  our  naval  architects  to  design,  and  our 
builders  to  construct,  the  magnificent  ships  which  are  the  pride  of 
our  navy  and  our  mercantile  marine.  The  strength  of  our  position 
and  the  remarkable  economy  of  this  important  industry  can  be  best 
demonstrated  to  you  by  a  fact  within  my  own  personal  experience. 
I  have,  within  the  past  two  months,  as  chairman  of  a  shipping 
company,  entered  into  contracts  for  the  purchase  of  several  new 
first-class  cargo  steamers,  to  be  built  of  steel,  of  the  most  approved 
design,  with  triple-expansion  engines,  at  the  cost  of  seven  pounds 
Sterling  per  registered  ton.  These  ships,  of  a  carrying  capacity  of 
4000  tons,  will  be  built  and  afloat  within  seven  months  of  the  laying 
of  the  keel. 

This  example  will  suggest  to  yon  that  our  methods  must  be  eco- 
nomical, and  that  great  attention  is  given  to  the  economy  of  manu- 
facture. For  this  we  are  much  indebted  to  the  researches  of  our 
chemists,  not  only  in  England  but  also  in  Germany  and  France,  an 
interesting  illustration  of  which  is.  seen  in  the  use  of  basic  slag  as  a 
manure.  This  by-[)roduct  was  first  ap[)lied  as  manure  in  England, 
in  the  summer  of  1885,  by  Prof  Wrightson,  of  Downtori,  Salisbury, 
who  was  employed  by  the  North  Eastern  Steel  Company  to  make  a 
series  of  experiments.  The  results  were  so  satisfactory  that  basic 
slag  immediately  became  a  merchantable  article  instead  of  a  waste- 
product.  In  the  twelve  months  ending  June,  1890,  103,680  tons 
were  delivered  from  works  in  Great  Britain.  Owing  to  the  very 
much  more  rapid  development  of  the  basic  process  in  Germany,  a 
very  much  larger  quantity  of  slag  has  been  produced  there,  and 
during  the  j)ast  three  or  four  years  not  only  has  the  whole  make 
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been  utilizecl,  but  stocks  have  been  used  up,  as  well  as  a  considerable 
proportion  of  the  total  quantity  exported  from  England.  The  make 
of  basic  slag  in  Germany  is  estimated  at  about  325,000  tons  for  the 
year  1889. 

The  combinations  of  steel  with  other  metals  continue  to  be  the 
subject  of  research  and  experiment.  Many  of  our  members  have 
devoted  earnest  attention  to  this  fruitful  field  of  industry.  Com- 
munications by  Mr.  Riley,  Mr.  Hadfield,  M.  Osmond  and  M. 
Briistlein  and  others  will  shortly  come  before  us  in  the  form  of  pro- 
fessional papers  or  notes.  It  may  be  stated  in  general  terms  that, 
owing  to  the  high  cost  of  aluminum,  it  cannot  at  the  present  time 
come  into  extensive  use.  Mr.  Hadfield  and  M.  Osmond  agree  that 
combinations  of  iron  with  silicon  and  iron  with  aluminum  present 
many  points  of  resemblance.  But  when  the  addition  of  0.15  per 
cent  of  aluminum,  the  least  that  has  been  found  efficacious,  means  an 
addition  of  twelve  to  twenty  shillings  (three  to  five  dollars)  per  ton 
on  the  cost  of  the  steel  ingot,  its  employment  in  competition  with 
silicon,  as  ferro-silicon  or  silicon-spiegel,  cannot  be  more  than  experi- 
mental. I  hear,  however,  that  an  American  company  promises  the 
production  of  aluminum  at  a  much  lower  figure  than  that  of  a 
year  ago,  and  that  a  German  chemist,  now  living  in  Ciiicago, 
promises  to  produce  it  at  a  cost  of  about  seven  pence  (fifteen  cents) 
per  pound. 

The  remarkable  success  which  has  rewarded  the  researches  of  ex- 
perimenters on  the  combinations  of  steel  with  chromium,  tungsten, 
aluminum  and  nickel,  should  be  a  stimulus  to  continued  exploration 
in  this  field.  The  most  important  results  appear  to  have  been 
obtained  by  the  use  of  nickel  in  combination  with  steel.  When 
Mr.  James  Riley's  communication  on  the  subject  of  the  alloys  of 
nickel-steel  was  read  before  the  Iron  and  Steel  Institute  in  May, 
1889,  Mr.  J.  F.  Hall,  of  Messrs. .William  Jessop  &  Sons,  Sheffield, 
at  once  laid  claim  to  priority  of  invention,  informing  the  Institute 
of  the  innumerable  experiments  which  he  had  been  making  with 
alloys  of  nickel  and  steel  during  several  years.  Since  then  uninter- 
rupted experimental  research  has  been  diligently  prosecuted.  Under 
the  superintendence  of  Mr.  Hall,  armor-plates  have  been  manufac- 
tured from  this  material  and  tested  by  British  Admiralty  officials, 
giving  results  which  rank  about  75  per  cent,  above  any  similar 
plates  ever  tested  in  England.  During  the  same  period,  Messrs. 
Schneider  &  Co.,  of  Le  Creus6t,  France,  have  furnisiied  nickel- 
steel  armor-plates,  which  have  been  tested  by  the  Frencii,  Danish 
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and  Chilian  Admiralty  anthoritios,  with  results  almost  idcMitical  with 
those  obtained  l.y  INIr.  Hall.     Within  the  last  month  a  nickel-steel 
armor-plate   of  Messrs.   Schneider  &  Co.'s    manufacture  has  been 
tested  at  Annapolis,  and  has  confirmed  those  results.     At  the  prese-it 
time   Mr.  Hall  has  under  course  of  manufacture  breech-loading  ord- 
nance-cannons and   projectiles  of  nickel-steel  for  the  English  War 
Office,  and  he  has  already  applied  the  same  material  in  the  produc- 
tion of  rifles  and  sporting-gun  barrels,  boiler-tubes  for  torpedo-boats, 
telephone-  and  telegraph-wire.     When  it  is  considered  that  nickel- 
steel  can  be  made  in  various  tempers,  giving  tensile  strain  of  107 
tons  per  square  inch,  with  an  elongation  of  3  per  cent,  in  8  inches, 
97  tons  tensile  with  an  elongation  of  7  per  cent.,  and  50  tons  tensile 
strength  with  an  elongation  of  45  percent.,  it  is  impossible  to  foresee 
to  what  uses  this  remarkable  material  may  not  be  put;  and  now  that 
the  various  patents  and  interests  owned  by  Messrs.  J.  F.  Hall,  of 
Sheffield,  W.    H.    Marbeau,  of  Paris,  William  H.   Schneider,  of 
Le  Creu'sot,  and  J.  Riley,  of  Glasgow,  have  been  associated,  their 
joint  labors  promise  to  give  rapid  development  to  this  interesting 
alloy.     Works   have   already  been  erected    by  this  association  in 
France  for  the  special  manufacture  of  ferro-nickel,  and  will  shortly 
be  followed  by  others  in  England  and  in  the  United  States. 

The  treatment  of  large  masses  of  steel  by  tempering,  hardening 
and   annealing  in    water,   oil,  or    molten    lead,  has   been   carefully 
studied,  but  the  secrets  of  the  behavior  of  masses  of  steel  in  heating 
are  yet' far  from  being  all  disclosed.     M.  Osmond,  in  his  excellent 
paper,*  delivered  before  the  International  Congress  in  Paris  last  year, 
points  out  that  tempering  in  oil  was  known  to  the  ancients— being " 
mentioned   by   Pliny;    and   Shakespeare  also  was  aware  that  the 
:^[oors  possessed  the  knowledge  that  different  temperatures  of  water 
effected  the  results  of  the  hardening  process.     Othello  says :  ''  I  have 
another  weapon    in    this  chamber;  it  is  a  sword  of  Spain,  the  ice- 
l)rook's  temper."     One  day,  in  conversation  with  Mr.  Gladstone,  I 
related  this  to  him,  and    he  at  once  capped  the  quotation  by  saying  : 
"Yes,  and    I   remember   the  words  of  Homer,  in   the  "Odyssey," 
'As  when  the  smith  dips  into  cold  water  a  great  axe,  and   it  hisses 
loudly  as  he  is  tempering  it,  for  so  it  is  that  iron  is  made  hard. 
C'Odyssev,"  ix.,  391-394). 

I  have  Ventured  to  make  passing  mention  of  some  of  the  men  and 

*  "On  Critical  Points  of  Iron  and  Steel,"  Journal  of  the  Iron  and  Steel  Institute, 
No.  1,  1890,  pp.  38-80. 
VOL.  XIX. — 53 
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of  some  of  the  inventions  brought  forth  in  our  island  home.  I 
have  named  some  of  the  investigations  and  experimental  researches 
that  are  being  conducted  by  our  metallurgists.  You  will  see  that 
we  have  need  of  the  immense  mineral  riches  of  your  prolific  country, 
to  furnish  us  with  the  raw  materials  or  the  metals  required  by  our 
engineers,  our  army  and  navy  and  our  ship-  and  bridge-builders. 
It  is  fortunate  that  we  can  make  known  these  wants  to  men  like  the 
mining  engineers  of  the  United  States,  whose  knowledge  of  those 
materials  and  their  localities  is  as  wide  as  their  continent.  We  need 
the  materials,  but  we  need  also  food  and  clothing  for  our  dense  in- 
dustrial poj)ulation.  For  your  grain  and  fruits,  for  your  cattle  and 
cotton,  for  your  many  remarkable  mechanical  devices,  we  have  no 
precious  metals  to  offer  in  return  ;  but  we  have  the  products  of  our 
furnaces,  the  labor  of  our  looms  and  the  service  of  our  mercantile 
marine. 

It  is  well  that  we  should  meet  thus,  eye  to  eye  and  voice  to  voice, 
to  discuss  the  interests  and  the  scientific  aspects  of  the  great  industry 
which  absorbs  us.  It  is  thus  we  learn  how  much  has  been  accom- 
plished by  persistent  and  intelligent  labor,  how  much  remains  to  be 
achieved,  and  how  by  free  exchange  of  ideas  and  of  productions, 
friendly  understanding  is  promoted  and  personal  acquaintance  is 
built  up.  Through  such  orderings  we  are  convinced  that  Provi- 
dence has  designed  to  wind  the  silken  chain  of  commerce  round  the 
world. 


ON  THE  PROBABLE  FUTURE  OF  THE  MANUFACTURE 

OF  IRON. 

BY   SIR  LOWTHIAN  BELL,  MIDDLESBROUGH,  ENGLAND. 
(Pittsburgh  International  Session,  October,  1890.) 

With  the  exception  of  air  and  water,  it  is  open  to  questiori 
■whether  there  is  any  form  of  matter  which  the  human  race  could 
less  easily  spare  than  iron.  Short  of  going  the  length  of  a'^serting 
that,  without  this  metal  for  an  anchor  or  steel  for  the  compass,  the 
adventurous  navigator  could  never  have  crossed  the  wide  Atlantic, 
we  may  credit  the  locomotive  and  the  steamer,  and  hence  iron,  for 
that  sequence  of  events  which  has  peopled  North  America  with  the 
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Anglo-Saxon  race.     The  result  has  been  to  raise  a  vast  territory  to 
a  position  without  parallel  in  the  progress  of  the  world. 

To  the  attractions  aflonled  by  this  interesting  episode  from  n)odern 
history  may  be  added  the  unprecedented  development,  in  the  United 
States,  of  that  branch  of  industry  which  most  concerns  the  Jnm  and 
Steel  Institute. 

Let  me  here  remind  you,  although  we  are  guests  upon  the  present 
occasion,  and  Great  Britain  is  the  birthplace  and  home  of  the  Iron 
and  Steel  Institute,  that  its  name  and  constitution  were  intentionally 
adopted  so  as  to  exclude  geographical  boundaries  from  being  any 
limit  to  the  scope  of  its  operations.  Accordingly,  these  cosmopolitan 
intentions  have  been  followed  by  our  numbering  in  our  ranks  con- 
siderably above  200  members  belonging  to  other  countries,  and  of 
these,  nearly  one-half  are  inhabitants  of  the  United  States.  This 
union  between  members  of  one  great  family  is  a  subject  of  sincere 
congratulation  to  the  founders  of  the  body,  and,  I  feel  sure,  is  not 
without  interest  to  those  who  have  joined  it  from  the  continent  of 
Europe. 

The  present  assembly  is,  so  far  as  my  reading  goes,  without  a  pre- 
cedent in  the  annals  of  industry.  Manufacturers  of  a  metal  from 
the  Old  World,  where,  in  spite  of  what  has  been  said  to  the  con- 
trary by  some  antiquarians,  iron  probably  has  been  made  for  thous- 
ands of  years,  have  accepted  a  courteous  invitation  from  those  of 
the  New,  with  a  view  to  discuss  questions  of  interest  common  to  both. 
To  carry  out  this  intention,  three  representatives  from  each  hemi- 
sphere have  been  deputed  to  prepare  subjects  for  this  international 
congress,  and  1  shall  always  consider  my  having  been  chosen  by  the 
Council  of  the  Institute  to  act  on  their  behalf  as  a  very  high  and 
flattering  distinction. 

The  heading  of  this  i)aper  irai)lies  that  I  propose  addressing  my- 
self to  the  future  rather  than  to  the  past;  but  as  any  estimate  of  the 
probability  of  what  is  going  to  happen  must  be  founded  to  a  great 
extent  on  what  has  already  taken  place,  some  reference  to  the  ancient 
history  of  the  iron-trade  would  seem  not  altogether  superfluous. 

As  is  well  known,  man  in  the  earliest  days  of  his  existence  is 
supposed  to  have  supitlied  his  wants,  first  with  implements  of  stone, 
and  then  of  bronze.  This  conclusion  had  been  arrived  at  by  the 
discovery  of  articles  suitable  for  the  chase,  for  war  and  other  pur- 
poses, made  of  one  or  the  other  of  these  two  substances,  whereas  iron 
was  never  met  with,  and  hence  prehistoric  man  was  regarded  as 
having*  known    little  or   nothing   of  the    existence  of  this    metal. 
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More  recent  explorations,  however,  have  proved  that  instruments  of 
iron,  when  protected  frora  atmospheric  influence,  have  frequently 
been  discovered  in  different  parts  of  the  world.  If,  then,  as  is  quite 
possible,  implements  made  of  stone  or  of  bronze  were  in  use  long 
before  those  of  iron,  it  is  perhaps  equally  certain  that  the  latter  metal 
was  in  more  common  use  at  a  very  remote  period  than  was  at  one 
time  believed. 

Apart  from  these  discoveries,  let  us  consider  the  question  of  a 
knowledge  by  the  ancients  of  the  existence  of  iron  as  one  of  mere 
probability.  The  ores  of  this  metal  are  by  far  the  most  abundant 
of  all  metalliferous  minerals,  and  they  are  met  with  in  almost  e^ery 
geological  age.  In  the  lowest  type  of  savage  life  it  could  scarcely 
have  escaped  notice  that  a  morsel  of  this  abundant  ore,  surrounded 
by  glowing  charcoal,  produced  a  metallic  ma-ss  capable  of  being 
forged  into  objects  greatly  prized  in  daily  life.  Captain,  now  Colo- 
nel, Grant,  the  companion  of  Speke,  found  the  isolated  barbarians 
near  the  great  African  lakes  familiar  with  this  mode  of  obtaining 
iron  ;  and  he  made  a  sketch  for  me,  showing  a  couple  of  men  en- 
gaged in  this  occupation.  The  means  employed  was  simply  a  Cata- 
lan fire,  of  a  less  rude  character  than  others  which  have  been  de- 
scribed by  several  authors.  Some  of  these  depend  on  the  wind  for 
their  blast,  whereas  in  my  drawing  each  man  is  seen  manipulating 
a  couple  of  single-acting  bellows. 

As  regards  steel,  we  know  that  in  comparatively  remote  antiquity, 
the  low  Catalan  fire  had  its  dimensions  so  increased  that  white  cast- 
iron  could  not  have  failed  to  have  been  formed,  and  with  this  at 
hand,  the  power  of  producing  the  less  carburized  form  of  the  metal 
could  scarcely  liave  long  remained  a  secret. 

So  much  for  speculation;  but  we  have  more  recently  obtained 
])roofs  that  the  ancients  appear  to  have  had  far  more  knowledge  of 
the  metallurgy  of  iron  than  that  for  whicii  they  have  received  credit. 
How  else  can  we  account  for  the  forging  of  a  column  of  the  welded 
metal,  nearly  25  feet  high,  and  weighing  some  6  ions?  It  is  of 
great  but  unknown  antiquity,  and  was  found  standing  upright  at 
Delhi,  where  it  still  remains.  Heavy  masses  of  iron  have  also 
been  discovered  for  supporting  the  masonry  in  doorways  and  other 
openings  in  ancient  buildings;  and  although  the  blast-furnace  ap- 
pears not  to  have  been  known  when  Agrioola  wrote  his  Delle  Metal- 
iica,  dated  1556,  evidence  is  not  wanting  that  carburized  or  cast-iron 
has  been  found  dating  from  a  much  earlier  period.  These  admis- 
sions,  of  course,  do   not    necessarily  imply  any    knowledge  of  the 
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property  of  iron  to  unite  with  carbon  and  form  a  body  capable  of 
cutting  iron  itself  and  of  chiselling  the  hardest  rock.  Tlie  absence 
of  this  equally  corrodible  compound,  from  the  monuments  of  an- 
tiquity, is,  however,  less  difficult  to  account  for  than  that  of  any  other 
metallic  bodies,  all  of  which  are  less  liable  to  perish  from  the  action 
of  the  atmosj)here  than  steel. 

Coming  down  to  a  more  enlightened  period,  the  })recise  date  of 
the  invention  of  the  blast-furnace,  the  haut-fourneau  of  the  French 
and  Holi-qfen  of  the  Germans,  is  still  not  known,  but  it  is  supposed 
to  have  been  introduced  in  the  latter  part  of  the  sixteenth  century. 
The  first  change  effected  by  the  discovery  was  the  gradual  and  almost 
complete  banishment  of  the  Catalan  ore-process,  but  while  pig-iron  be- 
came the  source  of  malleable  iron,  the  Catalan,  or  a  similar  form  of 
furnace,  was  retained  for  the  purpose  of  conversion,  and  it  remained  in 
use  for  200  years  or  more.  Its  place  was  gradually  taken  by  the 
puddling-furnace  of  Cort;  and  with  the  exception  of  the  small 
quantities  of  expensive  bar-iron  made  in  Russia  and  Sweden,  almost 
all  the  metal  produced  in  malleable  form  was  obtained  by  means  of 
this  furnace  from  the  time  of  its  invention  in  1784  down  to  the  year 
1860. 

When  I  was  invited  to  undertake  ray  present  duty,  without  having 
any  definite  plan  in  my  mind,  it  occurred  to  me  that  the  selection  of 
some  question  in  which  coming  events  had  been  disregarded  by  iron 
manufacturers  might  not  be  an  unprofitable  use  to  make  of  the  op- 
portunity placed  at  my  disposal.  The  particular  event  which  first 
suggested  this  choice  took  place  as  recently  as  twenty-five  years  ago. 
The  process  of  puddling,  of  course,  is  a  very  familiar  one  to  every 
one  in  this  room.  It  consists,  as  we  all  know,  in  melting  pig- 
iron  in  a  furnace  of  the  reverberatory  type,  after  which  the  work- 
man, by  very  severe  and  exhausting  labor,  stirs  the  fluid  metal 
and  thereby  constantly  exposes  fresh  surfaces  to  the  oxidizing  influ- 
ences present.  This  treatment  burns  off  the  greater  portion  of  the 
associated  metalloids,  viz.,  carbon,  silicon,  sulphur,  and  phosphorus, 
which  the  metal  has  absorbed  during  its  passage  through  the  blast- 
furnace. So  severe  is  this  labor  that  two  men  have  their  strength  a 
good  deal  taxed  in  producing,  for  a  day's  work,  22  cwts.  of  puddled 
bars.  To  obtain  this,  an  equal  weight  of  coal  has  to  be  thrown  into, 
and  consumed  on  the  grate  of  their  furnace. 

Something  like  thirty  years  ago,  Henry  Bessemer  proposed  a  j)lan 
in  which  the  strong  and  never-tiring  arm  of  the  steam-engine  should 
do  the  work  of  the  wearied  puddlers,  and  the  heat  required  was  sup- 
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plied,  not  by  coal,  but  by  the  combustion  of  the  metalloids  just 
referred  to.  Instead  of  22  cwts.  being  the  weight,  and  12  hours  the 
time,  10  or  12  tons  of  cast-iron  are  rendered  malleable  in  very  little 
more  than  the  same  number  of  minutes,  the  duty  of  the  men  during 
the  conversion  consisting  chiefly  in  watching  the  progress  .of  the 
operation. 

In  viewing  the  impressive  but  simple  process  of  "blowing"  a 
charge  of  metal,  it  is  difficult  to  realize  the  disappointments  and  the 
large  expenditure  of  money  and  indefatigable  energy  before  the 
position  referred  to  was  reached.  As  a  matter  of  history,  however, 
in  the  year  1870,  such  substantial  progress  had  been  made,  that 
240,000  tons  of  Bessemer  ingots  were  delivered  for  consumption. 
But  what  had  been  the  action  of  the  puddling-furnace  owners  during 
the  onward  march  of  this  formidable  and  threatening  competitor? 
It  was  this — in  the  year  18fi0  the  number  of  puddling-furnaces  at 
work  in  Great  Britain  was  given  at  3462.  In  1870  they  had  in- 
creased to  6700,  which  grew  to  7575  at  the  end  of  the  next  five 
years.  In  1887,  on  the  other  hand,  the  number  had  fallen  to  2875, 
in  which  year  it  was  estimated  that  in  the  North  of  England  alone 
there  were  1000  puddling-furnaces  unemployed,  representing,  with 
the  finishing  mills  1 J  million  sterling  (7^  million  dollars).  In  Wales 
600,  and  in  the  remainder  of  the  United  Kingdom  another  1000, 
had  shared  a  similar  fate.  Thus  there  was  property  which  must 
originally  have  cost  nearly  4  millions  sterling  (19|  million  dollars) 
lying  idle.  In  addition  to  this  calamitous  change,  the  2875  furnaces 
at  work  were  not  actively  engaged  above  three-fourths  of  the  time. 
In  the  meanwhile  the  manufacture  of  Bessemer  steel  went  on  increas- 
ing, so  that  in  1877  there  was  produced  in  the  United  Kingdom 
fully  one  million  tons,  and  above  ah  equal  weight  in  other  countries. 
Since  1887  the  number  of  puddling-furnaces  in  operation  has  risen 
to  3346  in  1889,  but  the  annual  production  of  Bessemer  and  open- 
hearth  steel  has  increased  from  1 ,000,000  to  3,569,960  tons.  It  can- 
not, however,  be  questioned  that  the  iron  manufacturers  were  placed 
in  a  position  of  extreme  uncertainty  and  difficulty.  The  superiority 
of  steel,  particularly  as  a  material  for  rails,  had  been  ami)ly  proved, 
but  it  also  had  been  thoroughly  ascertained  that  the  hematites  of 
Cumberland  and  Lancashire  were  the  only  ores  in  Great  Britain 
suitable  for  Bessemer  purposes.  The  growing  demand  fur  steel, 
therefore,  soon  exceeded  the  powers  of  supply  from  these  two  coun- 
ties, and  the  consequence  was  a  rise  in  the  price  of  their  pig-iron 
far  exceeding  that  of  those  districts  whose  produce  was  useless  for 
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steel-making.  The  market  values  of  Cleveland  and  West  Coast  of 
England  metal  are  here  given  to  show  the  nature  of  the  differences 
which  arose  after  the  change  of  conditions  referred  to : 


Year. 

Pig-iron. 

Tlious'nd 

Tons. 

Cleveland  Price 
Per  Ton. 

West  Coast  Price 
Per  Ton. 

Difference  in  Price 
Per  Ton. 

Imported 

Ore. 
1000  Tons. 

s. 

d. 

Dollars. 

s. 

d. 

Dollars. 

s. 

d. 

Dollars. 

1870 

5,963 

50 

3 

12.20 

72 

3 

17.55 

22 

0 

5.35 

208 

1871 

6,627 

49 

8 

12.05 

89 

6 

21.74 

39 

10 

9.69 

211 

1872 

6,741 

97 

1 

23.60 

170 

0 

41.32 

72 

11 

17.72 

576 

1873 

6,566 

109 

2 

26.50 

156 

9 

38.06 

47 

7 

11.56 

738 

1874 

5,991 

70 

11 

17.25 

108 

6 

26.38 

37 

7 

9.13 

1,009 

187.5 

6,365 

54 

6 

13.25 

78 

3 

19.02 

23 

9 

5.77 

738 

1876 

6,5.55 

37 

4 

9.10 

59 

4 

14.43 

22 

0 

5.33 

972 

1880 

7,749 

45 

0 

10.95 

81 

6 

19.80 

86 

6 

8.85 

3,060 

1882 

8,586 

43 

5 

10.. 55 

56 

7 

13.74 

13 

2 

3.19 

3,692 

1884 

7,811 

37 

0 

9.00 

44 

11 

10.81 

7 

11 

1.81 

3,135 

The  embarrassment  experienced  at  the  time  was  further  intensified 
by  an  almost  unprecedented  activity  in  the  general  iron-trade  of  the 
country,  which,  finding  no  relief  from  Cumberland  or  Lancashire, 
had  to  be  met  by  the  metal  obtained  from  the  more  plentiful  ores  of 
Cleveland  and  Lincolnshire,  etc.  As  usually  happens  upon  such 
occasions,  the  excited  state  of  the  market  in  Great  Britain  affected 
prices  in  the  world  at  large,  so  that  a  state  of  things  similar  to  that 
described  prevailed  in  every  part  of  the  civilized  globe  where  iron 
was  largely  made. 

Gradually  the  exi.stence  of  a  deposit  of  hematite  ore  in  the  North 
of  Spain  seems,  so  far  as  its  abundance  and  ease  of  extraction  were 
concerned,  to  iiave  dawned  then,  for  the  first  time,  on  the  minds  of 
the  British  ironmasters.  Improvements  in  the  navigation  of  the 
river  Nervion,  and  in  steam  navigation,  have  enabled  the  produce 
of  the  mines  at  Bilbao  to  compete  in  point  of  price  and  quality  of 
metal,  not  only  with  that  on  the  west  coast  of  England,  but  with 
the  cheaply  wrought  and  most  favorably  situated  bed  of  ironstone, 
spread  over  a  great  tract  of  country  in  the  hills  of  Cleveland. 
Gradually  the  large  rail-trade  of  Middlesbrough  was  extinguished, 
and  to  a  large  extent,  its  manufacture  of  iron  boiler-  and  ship-plates 
has  suffered  in  like  manner.  As  a  result  of  this  revolution,  some- 
thing like  4S  out  of  103  furnaces  in  the  north-eastern  district  of 
England,  all  erected  for  smelting  native  ironstone,  are  now  engaged 
in  providing  pig-iron  from  imported  ore  for  the  steelmakers.     Nor 
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has  the  disturbance  been  confined  to  this  locality,  or  to  other  cheap 
iron-making  centres,  but  the  hematite  mines  of  Cumberland  and 
Lancashire  have  also  been  seriously  aiFected  by  having  to  compete 
with  these  foreign  ores.  This  may  be  judged  by  the  fact  that,  while 
twAity  years  ago  the  importations  were  only  130,000  tons,  last  year 
they  amounted  to  4,031,265  tons. 

While  considering  whether  a  useful  lesson  might  not  be  learned 
from  this  retrospect  of  our  trade,  particularly  by  members  of  our 
Institute  of  less  advanced  years,  reports  reached  me  from  opposite 
quarters  of  the  globe  of  the  so-called  "direct  process,"  beginning 
again  to  find  favor  in  the  minds  of  gentlemen  well  qualified  to  ex- 
press an  opinion  on  a  scheme  which,  if  successful,  would  be  a  rival 
to  the  united  power  of  the  blast-furnace  and  the  Bessemer  converter. 

The  great  advantages  possessed  by  the  present  mode  of  treating  the 
ores  of  iron  are  too  well  understood  to  render  it  necessary  that  the 
blast-furnace  should  occupy  our  attention  at  any  length  upon  the 
present  occasion.  These,  therefore,  will  only  be  spoken  of  in  order 
to  contrast  them  with  those  of  a  system  by  which  it  is  intended  to 
obtain  wrought-iron  and  steel  by  direct  treatment.  In  doing  this, 
it  will  be  made  apparent  that  the  blast-furnace  is  able  to  perform  a 
duty  which  has  never  been  approached  by  any  other  form  of  appa- 
ratus, viz.,  the  complete  reduction  of  the  metal  contained  in  the  ore. 

Many  eminent  metallurgists  have  regarded  with  favor  the  princi- 
ple contained  in  a  variety  of  the  processes  knosvn  as  *' direct,"  and 
it  must  be  admitted  that  there  is,  in  the  idea,  a  simplicity  as  com- 
pared with  the  present  mode  of  manipulation  which  is  highly  attrac- 
tive. In  the  latter,  the  iron  for  the  blast-furnace  has  been  made  to 
unite  with  certain  metalloids,  although  we  know  at  the  time  that 
in  order  to  render  the  product  malleable,  these  substances  wnll  have 
to  be  removed.  Among  those  who  have  labored  in  this  field,  not  the 
least  distinguished  was  my  late  friend,  a  former  President  of  the  Iron 
and  Steel  Institute,  Sir  William  Siemens.  In  the  hope  of  solving 
a  problem  in  which  his  predecessors  had  not  been  successful,  he 
spared  neither  time  nor  money.  Ritter  von  Tunner,  a  high  au- 
thority in  all  things  connected  with  iron,  has,  in  our  frequent  corre- 
spondence on  such  matters  extending  over  many  years,  expressed 
himself  at  one  time  hopefully  on  the  direct  process.  In  a  recent 
communication,  however,  he  seems  to  have  abandoned  all  expecta- 
tion of  its  being  able  to  compete  with  the  combined  forces  of  the 
blast-furnace  and  the  Bessemer  process.  On  the  other  hand,  so  far 
as  I  know,  Siemens  died  believing  in  its  future  success. 

I    have   elsewhere  endeavored  to    prove   that    reduction    is   not 
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exclusively  effected  in  the  so-called  reducing  zone  of  the  blast- 
ftirnace ;  on  the  contrary,  that  oxygen,  amounting  to  about  25  per 
cent,  of  its  original  quantity,  arrives  at  or  near  the  tuyeres,  combined 
with  iron  in  the  form  of  some  suboxide.  Further,  that  final  deoxi- 
dation  of  this  suboxide  is  probably  effected  by  the  quantity  of  carbon, 
generated  by  a  dissociation  of  carbonic  oxide,  as  expressed  by  the 
formula,  2CO  ^  C  +  COa-  This  reaction  is  inferred  from  the 
result*  of  many  experiments  in  the  laboratory  and  from  repeated 
observation  at  the  furnace  itself,  confirmed  by  the  fact  that  the  gases 
at  the  tuyeres  contain  a  quantity  of  oxygen,  about  2  cwts.  j)er  ton  of 
metal  produced,  and  something  like  1|  cwt.  of  carbon;  the  former 
not  being  accounted  for  by  the  atmospheric  air  used,  nor  the  latter 
by  the  weight  of  fuel  burnt  in  the  hearth.  Whether  or  not  it  is  the 
actual  carbon  precipitated  from  the  carbonic  oxide,  or  coke  itself, 
which  com])letes  reduction  is  immaterial  from  a  heat-producing  point 
of  view  ;  what  seems  proved  is,  that  it  is  reserved  for  the  crucible 
to  complete  this  work,  at  or  about  the  period  when  fusion  takes 
place. 

As  a  theoretical  proposition,  we  have  been  reminded  that  the  exact 
quantity  of  carbon  required  to  deoxidize  20  cvv'ts.  of  iron  in  the  form 
of  ferric  oxide  is  4.38  cwts.  It  is  further  assumed  that  this  mixture 
of  ore  and  carbon  must  be  raised  to  a  temperature  of  800°  C,  fof 
which  1.27  cwt.  of  carbon  ought  to  suffice,  provided  the  whole  amount 
of  carbon  that  is  used  is  burnt,  half  to  monoxide  and  half  to  dioxide. 
It  is  suggested,  not  that  the  work  can  be  done  for  these  5.65  cwts., 
but  that  they  are  the  limits  towards  which  we  may  work. 

We  will  imagine,  as  indeed  has  been  proposed,  that  the  operation 
is  carried  out  in  the  furnace  used  by  Siemens,  which  was  one  of  the 
reverberatory  type,  constructed  on  the  rotating  principle.  As  bear- 
ing immediately  on  this  question,  it  may  be  mentioned  that  after  a 
vast  number  of  experiments  I  arrived  at  the  conclusion  that  the 
following  temperatures  may  be  regarded  as  those  which  are  required 
for  setting  up  the  actions  given  in  the  subjoined  table  : 

c.  F. 
Carbon  monoxide  commences  to  reduce    calcined 

Cleveland  ore*  at 210°  410° 

Carbon   commences   to   reduce  calcined   Cleveland 

'   Great     ,         . 399°  750° 

Carbon  dioxide  commences  to  oxidize  spongy  iron  at  426°  800° 

"           "         is  expelled  from  limestone  at  .         .  538°  1000° 

"          "         commences  to  dissolve  carbon  at     .  815°  1500° 

*  Cleveland  ore  is  specified,  because  tbere  are  slight  variations  in  the  tempera- 
tures at  which  different  ores  are  affected  by  carbon  monoxide. 
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It  must  be  understood,  however,  that  at  the  temperatures  named 
the  action  goes  on  but  slowly,  but  that  it  speedily  increases  as  the 
heat  is  raised. 

Returning  for  a  moment  to  the  blast-furnace,  we  have  in  the 
crucible  the  zone  of  greatest  heat,  fusion  of  the  slag  and  iron,  and 
removal  of  the  last  portions  of  oxygen  from  the  iron. 

During  the  next  40  feet  in  height  the  chemical  changes  are  insig- 
nificant, that  portion  of  the  interior  being  almost  entirely  utilieed  by 
the  descending  materials  in  absorbing  the  heat  contained  in  the  gases, 
and  returning  it  to  the  hearth. 

At  a  distance  of  60  feet  above  the  hearth  carbon  dioxide  is  given 
off  from  the  limestone,  where  the  temperature,  as  a  rule,  suffices  for 
this  gas  to  dissolve  carbon,  and  thus  prevent  its  combustion  at  the 
tuyeres. 

Lastly,  reduction  in  the  upper  zone  is  eflfected,  where  the  tempera- 
ture in  a  modern  furnace  ought  never  to  be  such  as,  with  good  coke, 
would  permit  the  resulting  gas  to  act  on  carbon  (CO2  +  C  =  2CO). 

So  far  as  my  observations,  experimental  and  otherwise,  have  en- 
abled me  to  judge,  the  maximum  quantity  of  oxygen  representing 
the  second  equivalent  in  carbon  dioxide  in  the  gases,  is  that  corre- 
sponding with  the  equivalent  contained  in  the  ferric  oxide  of  the 
ore.  From  this  it  might  be  inferred  that  reduction  is  completed  in 
what  has  been  generally  known  as  the  reducing  zone,  i.e.,  the  upper- 
most and  cooler  portions  of  the  furnace.  We  know,  however,  that 
the  deposition  of  carbon,  accompanied  by  the  generation  of  some 
carbon  dioxide,  as  already  mentioned,  is  also  most  abundant  at  mod- 
erate temperatures.  These  facts  might  reasonably  lead  us  to  expect 
a  quantity  of  carbon  dioxide  in  excess  of  that  due  to  the  reduction 
of  ferric  oxide  by  carbon  monoxide. 

Ic  will,  however,  be  shown  immediately  that  a  condition  of  equi- 
librium in  the  gases  is  determined,  not  alone  by  the  relative  quanti- 
ties of  the  two  carbon  oxides,  but  also  by  the  amount  of  oxygen 
still  remaining  in  combination  with  iron.  Now,  the  quantity  of 
carbon  required  to  be  burnt  at  the  tuyeres  in  order  to  fuse  the  slag 
and  iron,  added  to  that  rendered  necessary  to  reduce  the  metalloids 
found  in  the  pig,  is  such  that  at  the  various  temperature  zones 
through  which  the  ore  descends,  a  position  of  equilibrium  is  reache<l, 
when  the  gases  contain  at  the  outside  about  6  cwts.  of  cnrbon  per 
ton  of  iron,  in  the  form  of  dioxide,  and  when  the  metal  still  retains 
about  one-fourth  of  its  original  quantity  of  oxygen. 

This  observation  refers  to  ores  of  the  type  of  Cleveland,  but   in 
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those  of  a  different  character  the  composition  of  tlie  gases  may  be 
materially  modified.  Thus,  in  certain  Swedish  furnaces,  the  fuel 
consumed  does  not  greatly  exceed  two-thirds  of  the  quantity  neces- 
sary for  smelting  Cleveland  ironstone.  The  volume  of  carbon  mon- 
oxide for  every  ton  of  iron  is  correspondingly  diminished,  the  result 
being  that,  instead  of  having  two  volumes  of  this  substance  in  the 
escaping  gases  for  each  volume  of  carbon  dioxide,  the  two  gases  are 
found  in  almost  equal  volumes.  In  one  respect,  however,  all  fur- 
naces are  alike,  viz.,  in  there  being  an  increase  of  carbon  and  oxygen 
in  the  gases  at  the  tuyeres,  as  compared  with  the  proportions  found 
a  short  distance  above  that  level. 

Thus  it  will  be  seen  that  at  no  time  during  the  descent  of  the  ore 
in  a  properly  constituted  blast-furnace  is  it,  with  one  exception,  ever 
exposed  to  a  high  temperature,  in  an  atmosphere  of  gases  capable  of 
oxidizing  iron.  The  exception  is  when  carbon  monoxide  is  split  up 
into  carbon  and  carbon  dioxide;  and  then  the  precipitated  carbon 
serves,  as  has  already  been  observed,  to  remove  the  oxygen  taken 
up  by  the  iron  during  the  act  of  dissociation,  when  the  ore  arrives 
at  the  tuyeres. 

Now  it  is  not  too  much  to  say  that  the  conditions  of  every  rever- 
beratory  furnace  are  the  very  reverse  of  those  just  laid  down.  If 
coal  is  the  fuel  burnt,  which  generally  is  the  case,  we  have  vapor  of 
water,  carbon  dioxide,  and  very  often  a  good  deal  of  free  atmospheric 
air,  heated  probably  at  least  to  1500°  C,  passing  over  the  materials.* 
Thus  exposed,  sjiongy  iron,  when  formed  by  direct  reduction  as  pro- 
posed, could  not  fail  to  be  very  rapidly  oxidized.  But  the  circum- 
stances under  which  it  is  now  expected  to  produce  spongy  iron, 
consist  in  burning  half  the  carbon  to  dioxide,  and  the  other  half  to 
monoxide.  From  the  information  contained  in  the  table  just  given, 
we  learn  that  while  carbon  monoxide  is  a  reducing  agent,  the  product 
of  reduction — carbon  dioxide — is  of  an  opposite  character,  and,  in 
consequence,  is  able  to  reoxidize  the  metallic  iron  by  the  produc- 
tion of  which  it  was  generated.  The  cause  which  determines  this 
reflex  action  is  difference  of  temperature,  and,  as  might  be  expected, 
when  both  gases  are  present  there  is  brought  about  a  po.«ition  of 
equilibrium  determined,  as  has  been  said,  not  by  temperature  alone. 


*  Of  course  it  would  be  quite  possible  to  maintain  an  excess  of  the  reducing  gas — 
carbon  monoxide — in  the  furnace,  but  this  would  mean  a  great  waste  of  fuel. 
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but  also  by  the  proportion  of  oxygen  still  remaining  united  with  the 
iron. 

Thus,  if  a  mixture  of  2  volumes  of  carbon  monoxide  and  1  vol- 
ume of  carbon  dioxide  is  passed  over  calcined  Cleveland  ore  at  about 
417°  C,  one  third  only  of  the  oxygen  can  be  removed,  i.e.,  the  ferric 
is  reduced  to  ferrous  oxide. 

If,  on  the  other  hand,  the  mixture  consists  of  equal  volumes  of  the 
oxidizing  and  reducing  gases,  the  same  effect  is  produced,  provided 
the  temperature  be  raised  to  a  bright  red  ;  and  spongy  iron  siitnilarly 
exposed  is  oxidized,  and  becomes  also  ferrous  oxide. 

At  a  white  heat  the  attraction  of  the  metal  for  oxygen  is  so  intensi- 
fied that  further  action  ceases  when  12  per  cent,  of  the  combined 
oxygen  is  removed  from  the  ore.  At  the  same  time  10  t'olumes  of 
carbon  dioxide  are  able  to  keep  in  check  the  reducing  power  of  90 
volumes  of  carbon  monoxide. 

I  see  no  reason,  however,  why  a  close  approximation  to  complete 
reduction,  in  the  direct  process,  should  not  be  effected  by  using  a 
sufficient  quantity  of  carbon  mixed  with  the  ore,  in  the  manner 
already  described.  The  difficulty  to  be  apprehended  is  the  re-oxida- 
tion of  the  spongy  iron  when,  by  the  revolution  of  the  furnace,  a 
fresh  surface  is  exposed  to  the  flame  which  is  serving  to  heat  the 
materials  under  treatment.  Certain  it  is  that  Siemens  failed  to 
reduce  the  loss  of  metal  to  within  reasonable  limits.  Forty-five 
years  ago  I  labored  for  some  time  with  Mr.  William  Neale  Clay 
who  was  very  sanguine  of  being  able  to  dispense,  wholly  or  partially, 
with  the  blast-furnace.  The  results,  in  our  case,  were  tlie  same  as 
those  obtained  by  others  who  have  followed  us  in  the  same  path 
since  that  time.  As  regards  the  carbon  required  as  a  source  of  heat 
for  raising  the  temperature  of  the  mixture  of  ore  and  carbon,  I  see 
no  prospect  of  reducing  this  with  any  approach  to  the  quantity  pre- 
viously named,  i.e.,  1.27  cwts.  per  ton  of  iron.  Not  only  theoreti- 
cally, but  ])ractically,  in  the  Bessemer  converter,  the  combustion  of 
the  metalloids  and  a  portion  of  iron  suffices  to  raise  the  bath  of 
melted  cast-iron  to  a  proper  temperature  for  keeping  malleable  iron 
in  a  state  of  fusion.  Attempt  the  same  thing  in  a  puddling-furnace, 
rotating  or  otherwise,  and  the  oxidation  of  the  same  metalloids  and 
iron,  producing  the  same  quantity  of  heat  as  in  the  converter,  requires 
to  be  supplemented  by  the  heat  afforded  by  15  cwts.  of  coal,  in  each 
case  commencing  with  iron  in  a  fluid  state.  In  both,  there  is  a  great 
loss  of  heat  at  the  chimney,  but  this  we  will  neglect,  and  regard  tiie 
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ren)aincler  in  each  as  due  to  radiation,  convection,  etc ,  inseparable 
from  the  larger  size  of  the  furnace  and  the  small  amount  of  work 
turned  out  as  compared  with  Bessemer's  a|)para(us. 

If,  however,  we  take  the  weight  of  a  cubic  foot  of  pig-iron  and 
contrast  it  with  the  same  volume  of  the  mixture  to  be  employed  in  the 
direct  process  we  are  describing,  the  iron  turned  out  on  such  a  mode 
of  com))utation  will  be  about  one-tenth  of  that  obtained  when  pig- 
iron  is  the  raw  material.  To  Avhat  extent  the  15  cwts.  of  iieating 
coal  per  ton  of  iron  will  be  increased  by  any  such  diminution  in  the 
yield  of  product  it  would  be  difficult  to  predict,  but  it  is  perhaj)S  not 
necessary  to  pursue  (his  branch  of  the  inquiry  at  greater  length  in 
this  place. 

Up  to  this  point,  the  economy  of  the  direct  process  has  been  argued 
upon  thermal  and  chemical  grounds,  but  the  question  of  the  capa- 
bilities of  a  reverberatory-furnace,  as  compared  with  the  united 
action  of  a  blast-furnace  and  a  Bessemer  converter,  is  perhaps  best 
answered  by  the  aniount  of  labor  required  by  the  two  systems.  In 
an  audience,  consisting  largely  of  })ractiLal  men,  I  do  not  apprehend  a 
denial  that  our  present  "  indirect  process  "  costs  in  wages,  for  the 
smelting  and  Bessemer  processes,  less  than  one-half  of  that  paid  in 
converting  pig-  into  puddled-iron  ;  and  })robably  we  shall  agree  in 
supposing  that  if  the  reverberatory-furnace  should  have  to  do  the 
work  of  the  blast-furnace,  this  double  cost  may  have  to  be  doubled 
again. 

In  a  locality  where  charcoal  appears  to  cost  60s.  per  ton,  and  lignite 
12s.,  but  where  ore,  very  suitable  for  steel-making,  is  valued  at  5s. 
6d.,  it  is  sought  to  neutralize  the  disadvantages  of  coal,  dear  and 
unsuitable  for  blast-furnace  work,  by  having  recourse  to  a  direct 
j)rocess.  To  carry  out  these  views  a  highly  carburized  bath  (Jioohge- 
kohltes  3IetaUbad)  of  pig-iron  is  made  in  a  Siemens  furnace.  To  this 
molten  pig,  melted  or  highly-heated  ore  is  added,  by  which  the  ex- 
cess of  carbon  in  the  fluid  metal,  reduces  a  corresponding  portion  of 
iron  of  the  ore  just  added.  The  bath  of  metal  is  now  to  be  restored 
to  its  pristine  state  of  carburization  by  the  addition  of  solid  carbon, 
after  which  the  slag  formed  is  removed  and  more  ore  is  to  be  added, 
and  this  alternate  system  of  treatment  is  continued  until  the  required 
quantity  of  steel  is  obtained. 

The  cost  of  1000  kilos.,  say  one  ton  of  the  steel,  produced  by  this 
modification  of  the  direct  process,  is  thus  stated  by  its  author: 


£     s.     d. 

Dollari 

0  11  7.2 

2.82 

0  14  4.8 

3.50 

1     4  0 

5.83 

0  11  0 

2.67 

0     8  0 

1.94 

0    10 

0.24 

3  10  0 

17.00 
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Ore  containing  52  and  54  per  cent,  of 

iron,  but  yielding  47.4  per  cent. 

of  steel,  .  .  .2110  kilos.  ©  5s.  6d.  = 
Charcoal,  .  .  .  240  "  @  60s.  = 
Lignite  coal,  .        .         .     2000     "       @  12s.        = 

Labor, ^    ^ 

Repairs, ........        ^ 

Carburizing  the  metal,    .....= 


After  what  has  been  said,  I  shall  be  surprised  if  an  ore  containing 
say  53  per  cent,  of  iron,  when  reduced  in  such  an  oxidizing  atmos- 
phere as  that  to  which  it  has  to  be  exposed  in  a  Siemens  furnace, 
will  be  found  to  yield  50  of  steel.*  The  other  expenses  do  not  re- 
quire criticism,  because,  even  upon  the  statement  given  above,  the 
weight  of  ore  and  coal  used  in  this  direct  and  single  operation  is 
greater  than  that  consumed  in  the  blast-furnace  and  at  the  converter 
taken  together;  the  labor  is  very  much  higher,  and  I  apprehend  that 
to  the  remaining  item  of  "repairs"  (8s.),  a  considerable  sum  will 
have  to  be  added  for  other  expenses  connected  with  the  establishment. 
Further,  it  may  be  said  that  the  abnormal  conditions  of  the  locality 
are  not  such  as  to  render  the  process  one  of  general  application,  even 
if  all  the  expectations  entertained  of  it  by  the  inventor  were  realized. 

M.  Chenot  at  the  French  Exhibition  35  years  ago  was  awarded  a 
'^ grande  medaille  d'or  "  for  what  M.  LePlay,  a  scientific  Frenchman 
of  repute,  declared  to  be  "  the  greatest  metallurgical  discovery  of 
the  age.".t  In  1862  it  was  reported  that  2000  tons  per  annum  of 
bar-iron  were  being  made  by  it  in  the  north  of  Spain,  and  I  myself 
saw  the  process  in  operation  there  in  1870.  It  consisted  in  applying 
external  heat  to  a  mixture  of  ore  and  charcoal  in  a  close  retort.  The 
process  was  practiced  for  some  years  subsequent  to  my  visit,  and  it 
may  be  therefore  inferred  that  time  enough  had  been  devoted  to  the 
question  to  have  proved  its  commercial  value  or  the  reverse.  It  is 
now  a  considerable  time  since  all  trace  of  this  discovery  has  been  swept 
away  after  having  had  a  very  long  trial.  According  to  an  account 
given  by  Dr.  Percy  there  wasa  lossof  18  percent,  more  ore  in  obtain- 


*  It  should  be  mentioned  that  in  this  j)articnlar  case  it  is  proposed  to  have  the 
initial  highly  carbnrized  iron  made  in  tiie  yiemeus  furnace  itself  or  obtained  else- 
where, most  probably,  I  presume,  from  a  blast-furnace.  As  no  pig-iron  is  alluded 
to  in  the  estimate  of  cost,  it  is  taken  for  granted  that  the  entire  operation  is  con- 
ducted in  the  open-hearth. 

f  Percy's  Metulluri/ij,  Iron  and  Steel,  p.  335. 
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ing  merchant- bars  than  is  incurred  in  the  ordinary  method  of  pro- 
dneino;  this  form  of  malleable  iron.  The  fuel  consumed  is  about  the 
same  in  both  cases  ;  but  as  more  than  one-third  of  that  used  in  the 
direct  process  was  charcoal,  its  actual  cost  must  necessarily  have  been 
much  higher  in  the  latter  case. 

j\I.  Gruner,  whose  valuable  labors  in  the  metallurgy  of  iron  have 
been  universally  acknowledged,  gives  a  much  more  unfavorable 
account  of  the  Chenot  })rocess.*  According  to  him  the  waste  of 
metal  (Fe)  upon  a  ton  of  finished  iron  was  45  percent.,  and  the  con- 
sumption of  fuel  amounted  to  four  tons.  This  calculation  does  not 
appear  to  include  the  power  for  driving  the  machinery,  so  that  4| 
tons  would  be  the  probable  total  weight  of  coal  required  per  ton  of 
finished  bar-iron. 

The  consumption  of  coal  for  the  blast-furnace  and  Bessemer  pro- 
cess on  a  ton  of  merchant-steel  does  not  exceed  2|  tons,  while  the 
actual  waste  of  iron  (Fe),  instead  of  being  45  per  cent.,  as  in  the 
direct  process,  may  be  taken  at  15  per  cent. 

In  addition  to  this  serious  waste  of  material,  there  are  other 
inconveniences  connected  with  the  manipulation  of  the  product.  The 
iron  sponge  is  so  prone  to  oxidation  that,  when  warm,  it  takes  fire  on 
exposure  to  the  air — a  property  which  compels  its  storage  in  close 
vessels.  M.  Gruner  mentions  eight  days  as  the  period  thus  required  for 
reduction  and  cooling.  If  this  be  correct,  sufficient  appliances  would 
have  to  be  provided  to  hold  about  2700  tons  of  the  light  sponge,  in 
the  event  of  it  being  desired  to  rival  the  production  of  one  of  the 
Edgar  Thomson  blast-furnaces.  Besides  this  there  will  be  the 
preparation  of  from  3500  to  4000  tons  of  ore  per  week,  which  has 
to  be  used  in  the  size  of  hazel  nuts. 

A  few  years  ago,  there  existed  among  the  mountains  of  Savoy,  a 
small  blast-furnace,  making,  upon  the  occasion  of  my  visit,  about 
25  tons  of  iron  in  the  week.  The  fuel  was  charcoal,  and  the  blast 
was  created  by  a  small  stream  of  water  falling  down  a  12-inch 
square  wooden  box,  about  15  or  20  feet  in  height.  The  water  was 
received  in  a  square  closed  cistern  of  wood,  by  which  the  air  carried 
down  with  the  stream  was  separated  from  the  water  and  driven  into 
the  furnace.  This  was  the  instrument,  but  with  only  half  the  power 
of  the  one  I  saw  working,  which,  ages  ago,  finally  extinguished  all 
the  Catalan  direct  furnaces  in  almost  every  part  of  the  civilized 
world. 


*  Train  de  Metallurgie,  tome  ii.,  p.  244. 
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In  the  year  1727  charcoal  pig-iron  cost  at  Kidderminster  £6,  5s. 
($30.36)  per  ton,  of  which  the  ironstone  cost  only  30s.  ($7.29),  the 
weekly  make  being  under  ten  tons.  To  convert  this  into  malleable 
iron  in  a  Lancashire  fire,  as  it  is  called,  a  further  expenditure  of  £5 
($24.30)  was  incurred,  bringing  up  the  total  cost  to  £1 1,  5s.  ($54.66). 

One  hundred  and  sixty  years  after  that  date  finds  us  in  England 
bringing  ore  1000  miles  over  sea,  selling  the  pig-iron  made  from  it 
at  little  more  than  40s.  ($9.72),  and  disposing  of  steel  rails  made 
from  the  same  jiig  at  less  than  75s.  ($18.23). 

It  is  against  the  appliances  which  have  enabled  us  to  perform 
what  may  be  regarded  as  a  marvel  of  economy — against  the  blast- 
furnace making  1000  and  even  up  to  2000  tons  in  a  week,  and  one 
or  two  Bessemer  converters,  as  the  case  may  be,  turning  the  whole 
product  into  steel  as  the  metal  runs  from  the  furnace,  that  a  process, 
whi('h  has  practically  failed  to  make  one  step  in  advance  during  the 
last  fifty  years,  ventures,  in  our  day,  to  wage  war. 

If  there  is  a  spark  of  vitality  in  this  obsolete  plan,  what  have  our 
ironmasters  been  about  that  they  have  not  blown  it  into  life?  We 
have  had,  and  have  now,  men  among  them  who  have  distinguished 
themselves  by  the  manner  in  which  they  have  taken  hold  of  every 
sound  idea,  scientifically  propounded  or  otherwise,  and  ensured  its 
success,  often  beyond  the  most  sanguine  expectations  of  the  most 
sanguine  inventor.  It  may  well  be  asked  how  is  it  that  this  direct 
process  has,  up  to  this  time,  ended  in  direct  failure  ?  Perhaps  some- 
one else  will  endeavor  to  answer  the  question,  for,  as  regards  myself 
my  fears  as  to  its  merits  were  published  sixteen  years  ago.  All  that 
I  can  add  to  what  was  then  said,  is  that  its  future  chances  of  suc- 
cess must  depend  on  counteracting  the  obstacles  referred  to  in  this 
paper,  obstacles  which  hitherto  have  constituted  a  barrier  between 
every  direct  process  and  commercial  success. 

It  has  also  been  proposed  to  accelerate  the  direct  process,  and  for 
that  matter  a  great  many  other  things,  by  tiie  use  of  water-gas,  a 
form  of  combustible  of  which  a  good  deal  has  been  said  of  late.  It 
is  not  to  be  denied  that  hydrogen  gas,  forming,  as  it  does,  half  the 
volume  of  water-gas,  the  other  half  being  carbon  already  partially 
burnt,  may  as  a  combustible  have  an  assured  value  in  certain  special 
cases.  The  hydrogen  element  affords  above  four  times  as  much  heat 
as  the  same  weight  of  carbon,  but  unfortunately  and  unavoidably  it 
requires  more  than  four  times  as  much  carbon  to  produce  it.  We 
might  therefore  as  reasonably  expect  a  hydraulic  wheel  to  pump 
back  all  the  water  which  had  served  to  move  it,  as  to  hope  to  be  able 
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economically  to  l>nrn  any  combustible  twice  over  ;  for  that  is  the 
impossible  problem  the  water-gas  makers  ask  us  to  accept  as  possible. 
It  is  almost  superfluous  to  say  that  the  same  line  of  argument  is  more 
than  equally  applicable  to  a  ])roposal  to  use  water-gas  in  the  blast- 
furnace, which  was  also  mooted  some  ten  years  ago.  Its  utter  unfit- 
ness for  this  office  is  apparent  when  we  consider  that  any  steam 
formed  by  the  combustion  of  hydrogen,  and  any  carbonic  acid  gener- 
ated by  burning  carbon  monoxide  at  the  tuyeres,  will  be  returned  to 
their  original  condition  of  water-gas  the  next  instant  after  their  forma- 
tion. In  other  words,  heat  generated  by  their  being  burnt  will  be 
entirely  absorbed  by  the  return  of  the  constituents  to  the  form  in 
which  they  existed  in  the  water-gas  previous  to  its  combustion.* 

In  face  of  the  admitted  advantages  in  quality  and  cost  of  conver- 
sion of  ingot-  over  puddled-iron,  the  fact  that  2:^  million  tons  of 
ordinary  malleable  iron  were  made  in  1889  in  Great  Britain  may 
seem,  and  no  doubt  is,  difficult  of  complete  explanation. 

There  are  several  circumstances  which  conduce  to  this  continued 
vitality,  but  into  these  there  is  not  time  to  enter  here.  Possibly  the 
puddling-furnace  may  be  employed  for  many  years  to  come,  but 
everything  seems  to  point  to  a  gradually  decreasing  demand  for  its 
product.  Should  the  day  ever  arrive  when  the  labors  of  Bessemer, 
or  Martin's  adaptation  of  the  Siemens  furnace  for  decarburizing  pig- 
iron,  entirely  supersede  the  [)rocess  of  puddling,  it  must  not  be  for- 
gotten that  the  world  owes  to  Cort  an  invention,  which  of  itself  had 
revolutionized  the  art  of  locomotion  by  sea  as  well  as  by  land. 

Mention  has  been  made  on  a  previous  page  of  the  hurtful  effects 
of  phosphorus  in  pig-iron  for  steel- making  purposes.  Unfortunately 
for  Great  Britain,  its  more  extensive  beds  of  ore  were  deposited  at  a 
geological  period  when  the  prevalence  of  animal  life  served  to  con- 
centrate in  particular  localities  the  element  so  much  objected  to  by 
iron  manufacturers.  This  source  of  contamination,  as  it  was  deemed, 
appears  to  have  been  in  active  operation  during  the  carboniferous 
age,  and  still  more  so  while  the  rocks  of  the  lias  and  oolite  were  in 
course  of  formation.  Thus  it  is  that  the  ores,  known  under  the 
general  appellation  of  clay-ironstone,  yield  an  iron  containing  from 
.5  to  2.5  per  cent,  of  phosphorus,  which  has  been  derived  from  phos- 
phates, chiefly    of  lime,  a  common   constituent  of  animal   bodies. 


*  It  is  a  remarkable   fact  tliat  the  document  recommending  this  application  of 
water-gas  was  accompanied  by  a  statement  of  an  actual  trial  made  at  a  Belgian  iron- 
works, every  line  of  which  proved,  in  unmistakable  terms,  its  complete  failure. 
VOL.  XIX.— 54 
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More  than  twenty  years  ago  it  was  pointed  out  how  beneficial  it 
would  be  if  this  phosphorus  could  be  eliminated  from  the  iron  and 
laid  on  our  land.  We  have  lived  to  see  this  accomplished  by  the 
basic  process,  and  having  regard  to  the  growing  demand  for  steel,  it 
is  difficult  to  over-rate  the  importance  of  extending  the  area  we  have 
to  look  to  for  the  raw  material.  Mr.  Gilchrist  informs  me  that  the 
quantity  of  pig-iron  treated  in  the  basic-lined  Bessemer  converter 
and  open-hearth  furnace  during  the  year  1889  was  close  on  to 
500,000  tons  in  the  United  Kingdom,  and  1,174,000  tons  in  other 
parts  of  the  world. 

The  effects  of  the  presence  of  foreign  substances  on  the  properties 
of  malleable  iron  and  steel  are  now  universally  recognized.  This 
observation  is  more  particularly  directed  to  the  injurious  conse- 
quences which  often  result  from  the  silicon,  sulphur,  and  phosphorus 
which  remain  after  the  conversion  of  the  pig-iron  into  these  two 
forms  of  the  metal.  On  the  other  hand,  the  service  rendered  by 
carbon  in  conferring  increased  strength  and  elasticity  on  iron, 
cannot  be  exaggerated.  This  fact  naturally  led  to  the  inquiry 
whether  other  elementary  bodies  may  not  assist,  either  in  carry- 
ing off  hurtful  matter,  or  increasing  the  valuable  properties  just  re- 
ferred to. 

Other  })roblems  connected  with  the  resisting  powers  of  steel,  as 
they  are  affected  by  the  manner  of  cooling,  are  also  occupying  the 
minds  of  those  interested  in  the  question.  Among  others,  Mr.  F. 
Osmond  has  contributed  important  information  in  a  recent  com- 
munication to  tlie  Iron  and  Steel  Institute.* 

Discussion. 

George  W.  Maynard,  New  York  City:  As  Sir  Lowthian  Bell 
is  seeking  for  any  sign  of  vitality  of  the  "  obsolete  direct  process,"  he 
will  be  interested  to  learn  that  such  a  process  is  now  in  operation  in 
Pittsburgh,  and  that  for  this  particular  locality  it  is  an  unquestioned 
financial  success.  I  refer  to  the  Carbon  Iron  Company's  process 
which  has  been  described  in  our  Transactions  by  Mr.  A.  E.  Hunt.t 

As  at  present  practiced,  it  consists  in  charging  an  intimate  mix- 
ture of  wet,  finely-ground  iron-ore  and  coke  uj)on  the  cinder-hearth 
of  an  ordinary  reverberatory-  or  puddling-furnace,  and  heating  the 
charge  with  natural  gas  in  an  atmosj)here  that  is  moderately  oxidizing. 


*  Journal  of  the  Iron  and  Steel  Institute,  No.  1,  1890,  p.  38. 
f  Trunsadions,  vol.  xvi.,  708,  and  vol.  xvii.,  G78. 
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The  ore  is  reduced  by  its  intimate  contact  with  the  ground  coke,  and 
the  iron  is  bailed  at  nearly  a  white  heat.  Two  points  require  special 
mention  :  first,  the  benefit  of  mixing  the  ore  and  coke  very  intimately, 
as  by  such  mixture  it  is  found  that  the  fine  particles  of  ore  protect 
the  carbon  particles  from  too  rapid  combustion,  and  time  is  secured 
for  the  thorough  reduction  of  the  iron  oxide.  Second,  the  importance 
of  using  none  but  the  richest  ores,  or  cleanest  concentrates,  as  it  is 
only  by  such  practice  that  the  loss  of  metal  can  be  kept  down  to  a 
commercially  practicable  limit.  Sixty-five  per  cent.  Lake  Superior 
ores,  carrying  three,  or  at  most  four,  per  cent,  of  silica  furnish  the 
present  supply.  One  long  ton  of  this  ore  is  mixed  with  600  pounds 
of  ground  coke,  and  yields  at  the  present  time  1325  to  1375  pounds 
of  squeezed  sponge  which  runs  nearly  93  per  cent,  of  total  iron. 
The  quantity  of  natural  gas  consumed  per  ton  of  product  has  not  yet 
been  ascertained,  but  it  is  roughly  estimated  at  the  amount  required 
to  puddle  a  ton  of  pig-iron  in  a  non-regenerative  furnace  of  the  same 
type  as  the  reducing  furnace — that  is,  about  35,000  cubic  feet  of 
natural  gas,  or  27,000  pounds  of  Pittsburgh  coal. 

H.  M.  Howe,  Boston,  Mass. :  I  think  that  very  few  people  of 
good  judgment  can  refrain  from  agreeing  with  Sir  Lowthian  Bell's 
main  conclusion  that  the  blast-furnace  is  more  likely  to  be  able  to 
do  without  the  direct  process  than  the  direct  process  is  to  dispense 
with  the  blast-furnace;  but  it  might  be  rash  to  conclude  that  be- 
cause the  blast-furnace  will  probably  hold  the  upper  hand,  the  direct 
process  may  not  be  applicable,  and  indeed  very  economical,  under 
certain  conditions. 

The  direct  process  is  more  difficult  and  complicated  than  the  blast- 
furnace process.  It  requires  greater  skill  and  special  conditions. 
It  seems  to  me  a  little  like  the  case  of  an  absolute  monarchy  versus  a 
limited  monarchy.  The  latter  is  a  far  more  difficult  and  complicated 
system  of  government  than  the  former,  but  nevertheless  we  all  think 
that  it  is  much  the  better  system.  The  compound  engine  is  more 
complicated  than  the  plain  slide-valve  engine,  and  yet  under  certain 
conditions  it  is  better.  The  direct  process  seems  to  have  great  pos- 
sibilities. In  a  blast-furnace,  we  have  not  only  to  do  the  work  of 
the  direct  process,  but  a  great  deal  of  other  work  besides.  The  work 
of  producing  iron  involves,  first,  the  chemical  work  of  deoxidizing 
the  iron  oxide ;  and  second,  the  heating  work,  i.e.,  raising  the  iron 
and  the  other  materials  associated  with  it  by  nature  to  a  very  high 
temperature.  In  the  case  of  the  direct  process  (and  I  do  not  speak 
of  any  one  direct  process  in  particular,  but  simply  of  the  direct  pro- 
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cess  in  general)  it  is  not  necessary  in  the  nature  of  things  that  the 
temperature  should  ever  exceed  a  red  heat.  In  the  case  of  the  blast- 
furnace, however,  it  is  hard  to  see  how  the  temperature  can  be  less 
than  the  melting-point  of  a  very  infusible  silicate,  chiefly  of  lime. 

The  direct  process  calls  for  certain  conditions.  I  do  not  see  how 
it  can  be  applied  to  any  but  very  rich  ores  or  rich  concentrates.  Its 
success  will  also  be  favored  by  a  supply  of  a  fuel  which  can  be  ap- 
plied to  the  direct  process,  but  which  cannot  be  applied  to  the  blast- 
furnace, and  which  is  much  cheaper  than  any  locally  available  fuel 
applicable  to  the  blast-furnace.  That  at  once  gives  the  direct  pro- 
cess an  enormous  local  advantage ;  and  many  wonder  whether  the 
success  of  the  Carbon  Iron  Company's  process  in  this  city  is  not  in 
large  measure  due  to  the  fact  that  natural  gas,  here  a  very  cheap 
fuel,  can  be  used  for  this  process  but  not  for  the  blast-furnace. 

As  to  the  loss  of  iron  :  is  it  quite  just  to  say  that  because  the  loss 
of  iron  has  been  enormous  in  some  of  the  direct  processes  carried  out 
in  the  past,  without  the  metallurgical  knowledge  or  skill  of  to-day 
it  must  always  remain  so?  I  have  had  access  to  most  of  the  data 
from  which  Prof.  Maynard  speaks,  and  from  them  I  find  that  the 
loss  in  the  Carbon  Iron  Company's  process  is  about  17  per  cent.  ; 
that  is  to  say,  100  parts  of  iron  in  ore  will  yield  83  parts  of  ingots 
by  the  direct  process  and  the  open-hearth  process  combined. 

G.  J.  Snelus,  Workington,  England:  I  think  we  all  admit  that 
the  blast-furnace  is  not  going  to  be  ousted  entirely  by  the  direct  pro- 
cess, and  to  this  extent  I  certainly  agree  with  Sir  Lowthian  Bell. 
Where  we  require  pig-iron  for  foundry-work  or  for  any  purpose  for 
which  it  is  used  as  pig-iron,  the  blast-furnace  must  always  hold  its  own. 
For  many  other  purposes  the  combined  processes  of  the  blast-furnace 
and  the  open-hearth,  or  the  Bessemer  converter,  will  also  undoubt- 
edly hold  their  own  ;  but  there  are  many  cases  where  a  direct  process 
of  making  iron,  if  it  can  be  carried  out  scientifically,  will  be  avail- 
able, useful  and  economical.  My  first  experiments  on  this  subject 
were  made  some  twenty-three  years  ago,  at  Dowlais,  in  the  presence 
of  Mr.  Thomas  Blair,  of  Pittsburgh.  I  reduced  some  iron-ore  to  a 
fine  state  of  division,  and  then  noted  the  time  required,  under  the 
most  favorable  circumstances,  to  get  rid  of  the  oxygen  and  obtain 
metallic  iron.  I  found  it  possible  to  effect  the  deoxidation  of  the 
cold  ore  in  two  minutes,  which  siiowed  that  the  ciiemical  hold  which 
oxygen  has  upon  iron  is  not  a  strong  one,  and  that,  under  .jM'oper 
conditions,  the  metallic  iron  can  be  set  free  in  a  very  short  time. 
This  is  an  important  fact  for  consideration. 
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I  carried  out  the  reduction  in  a  modified  form  of  Gerstenhofer's 
shelf-roasting  furnace,  introducing  carbonic  oxide  or  hydrogen  in- 
stead of  tlie  air  used  in  ordinary  roasting. 

Dr.  Percy  endorsed  the  theoretical  soundness  of  this  process,  but 
I  abandoned  its  development  on  discovering  the  existence  of  an  ear- 
lier, substantially  identical  patent  of  Mr.  Anderson,  which  soon 
thereafter  was  allowed  to  lapse.  I  mention  the  matter  now  because 
of  the  growing  importance  of  finely-comminuted  ores.  In  England 
we  have  vast  quantities  of  "  Blue  Billy" — the  residue  from  burnt 
iron  pyrites — and  in  America  it  appears  that  large  quantities  of  the 
abundant  magnetic  ores  will  have  to  be  brought  to  a  fine  state  of 
division  for  the  pur[)ose  of  improving  their  quality  by  magnetic 
concentration.  It  is  quite  evident,  therefore,  that  an  inexhaustible 
supply  of  this  fine  ore  is  available,  which  can  be  used  to  best  advan- 
tage by  a  process  of  direct  reduction,  in  which  it  is  practicable  to 
bring  the  reducing  agent  into  extremely  intimate  contact  with  the 
very  finely  divided  ore.  The  ore  should  be  as  finely  crushed  as 
])ossible,  and  the  reducing  agent  should  likewise  be  in  a  fine  state  of 
division,  or  it  should  be  a  gas.  Sir  Lowthian  Bell's  statement  that 
the  theoretical  quantity  of  carbon  required  for  the  chemical  reduc- 
tion is  only  4.38  cwts.  for  20  cwts.  of  iron,  and  that  the  theoretical 
quantity  of  carbon  required  to  produce  the  ne(;essary  heat  is  only 
1.27  cwt. — in  other  words,  that  a  theoretical  consum[)tion  of  5.65 
cwis.  of  carbon  is  sufficient  to  produce  one  ton  of  iron — shows 
beyond  question  that  there  is  an  aim  in  the  use  of  coal  which  is 
worth  striving  for,  and  which,  I  venture  to  say,  some  one  in  future 
years  will  very  nearly  succeed  in  reaching. 

Sir  Lowthian  Bell,  Middlesbrough,  England  :  As  Mr.  Blair's 
name  has  been  mentioned  in  the  course  of  this  discussion,  I  may 
state  that,  as  long  ago  as  1874  I  endeavored  to  prove  to  him  by  his 
own  figures  that  nothing  but  failure  could  attend  the  operation  of 
his  direct  process.  Neglecting  for  a  moment  the  question  of  economy, 
and  considering  only  that  of  chemical  reaction,  no  process  could  be 
more  perfect  in  its  character  than  that  early  one  adopted  by  Mr. 
Blair.  It  was  the  Chenot  ])rocess  with  a  little  refinement  and  so 
arranged  that  a  saving  of  fuel,  at  all  events  in  heating  the  ore,  was 
attained.  Almost  all  atmospheric  oxidation  of  the  sponge  was 
avoided  by  dropping  it  into  air-tight  cases  and  keeping  it  there  until 
it  was  cooled.  The  sponge  was  then  mixed  with  coal-tar,  and  pressed 
into  bricks,  which  were  charged  into  the  pig-bath  of  an  open-hearth 
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furnace.     It  was  there,  as  I  pointed  out  to  Mr.  Blair  at  the  time, 
that  the  great  loss  occurred. 

In  drawing  our  attention  to  a  new  development  of  the  direct  pro- 
cess at  the  works  of  the  Carbon  Iron  Company,  Mr.  Maynard  has 
said  nothing  about  this  loss  incurred  in  treating  sponge-blooms  in  the 
open-hearth.  As  for  the  total  fuel  requirement  for  the  Carbon  Iron 
Company's  process,  it  appears  that  960  pounds  of  ground  coke  are 
used  per  (long)  ton  of  iron,  merely  to  effect  the  reduction.  That  alone 
is  more  than  one-half  the  coke  consumption  at  the  Edgar  Thomson 
furnaces,  where,  as  I  have  been  recently  informed,  1808  pounds  of 
coke  make  one  ton  of  pig-iron.  But  in  addition  to  the  960  pounds 
of  coke  used  as  reducing  agent,  this  direct  process  requires  the 
equivalent  of  1  to  1 J  ton  of  coal  per  (long)  ton  of  blooms  for  heating 
the  ore  and  balling  the  sponge.  The  total  fuel  consumption  is  there- 
fore vastly  in  excess  of  the  requirements  for  the  combined  blast- 
furnace and  Bessemer  processes. 

Independently  of  the  fuel  question,  however,  I  am  surprised  that 
no  hesitation  is  expressed  at  the  prospect  of  having  to  grind  to  a 
fine  dust  the  immense  quantity  of  ore  that  would  be  required  to  raise 
this  industry  to  anything  like  a  scale  of  importance.  Conceive  that 
you  are  to  grind  the  whole  ore-product  of  the  Lake  Superior  region, 
which  already  amounts  to  more  than  seven  million  tons  per  annum, 
and  you  have  an  idea  of  what  is  proposed.  I  admit  that  there 
are  cases  in  which  very  fine  ores  may  possibly,  to  a  very  limi^d 
extent,  be  treated  by  a  direct  process;  but  to  expect  to  raise  that 
process  to  a  great  industry,  comparable  with  the  blast-furnace  pro- 
cess Ls,  in  my  opinion,  one  of  the  most  Utopian  ideas  that  "ever  entered 
the  mind  of  man. 

H.  M.  Howe,  Boston,  Mass.  (Communication  to  the  Secretary) : 
As  I  have  elsewhere  pointed  out,  certain  features  of  the  direct  pro- 
cess may,  under  conditions  often  met  with,  give  it  a  great  advantage 
over  the  blast-furnace  process — so  great  indeed  as  to  outweigh  the 
uncontested  disadvantages  under  which  the  direct  process  suffers. 

The  direct  process  may  yield  iron  relatively  free  from  carbon  ;  it 
may  permit  dej)hosphorization,  though  at  the  cost  of  serious  loss  of 
iron  ;  it  can  use  fuels  which  are  often  cheaper  than  the  anthracite, 
coke,  and  charcoal  to  which  the  blast-furnace  must  ever  be  restricted  ; 
in  case  of  very  rich  ores  it  may  use  much  less  fuel  than  the  blast- 
furnace. , 

Against  these  advantages  must  be  weighed  its  disadvantages  in 
not  offering  the  ready  means  of  the  blast-furnace  for  removing  the 
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sulphur  of  the  ore  antl  fuel ;  and  probably  inevitably  greater  outlay 
for  labor  and  repairs,  and  for  loss  of  iron. 

I  would  also  point  out  that  what  I  have  ventured  to  name  "  semi- 
sponge,"  a  natural  product  of  the  direct  process,  shoidd  under  many 
conditions  not  only  be  nuide  much  more  cheaply  than  pig-iron,  but 
should  be  worth  more  intrinsically  to  the  open-hearth  steel-maker. 
By  semi-sponge  I  mean  ore  which  has  been  partly  but  not  completely 
reduced.  In  the  open-hearth  })roeess  we  use  scrap-iron  and  iron-ore, 
in  different  proportions,  according  to  local  traditions  and  the  local 
ratio  between  the  cost  of  scrap,  of  pig-iron,  and  of  ore.  I  believe 
that  under  many  conditions  we  can  use  this  semi-sponge  in  the  open- 
hearth  process,  in  place  of  an  equivalent  mixture  of  ore  and  of  scraj)- 
iron,  working  more  rapidly  and  with  a  smaller  outlay  for  ferriferous 
materials. 


THE  DEVELOPMENT  OF  THE  MABINE  ENGINE.  AND  THE 

PJttOGRESS  MADE  IN  MABINE  ENGINEERING 

DVBING  THE  PAST  FIFTEEN  YEARS. 

BY  A.   E.   SEATON,    HULL,   ENGLAND. 

#  (Pittsburgh  International  Session,  October,  1890.) 

In  this  ]iaper  it  will  be  my  endeavor  to  trace  the  development  of 
the  marine  engine  and  its  appurtenances,  and  the  general  progress 
that  has  taken  place  in  marine  engineering  generally  during  the 
past  fifteen  years,  rather  with  the  object  of  attributing  much  of  it  to 
the  successful  efforts  of  the  makers  of  iron  and  steel,  thereby  ren- 
dering my  thanks  to  them  for  the  valuable  service  they  have  con- 
tributed to  my  ])rofession,  than  to  recount  what  has  been  achieved 
by  the  skill,  ability  and  {)erseverance  of  my  colleagues  in  shipbuild- 
ing and  engineering. 

The  engineer  has  been  at  all  times  dependent  on  the  ironmaster, 
and  on  more  than  one  occasion  his  progress  has  been  barred  by 
the  inability  of  the  latter  to  overcome  some  obstacle  to  succe?fs  in 
his  manufacture.  But  on  the  other  hand,  it  is  equally  true  that 
the  ironmaster  has  often  been  ahead  of  the  engineer,  and  has  been 
prepared,  long  beforehand,  to  supply  that  which  would  make  a 
success  for  the   marine  engineer  if  he  would  avail  himself  of  it. 
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That  eminent  engineer  and  most  fruitful  of  inventive  gtniuse?, 
Trevithick,  whoa  century  ago  saw  instinctively  what  was  possible 
with  steam  of  liigh  pressure,  had  to  resort  to  sorry  contrivances  to 
try  his  experiments  with  the  force  which  he  knew  would  be  so 
useful.  His  boilers,  made  of  copper  tubes  in  granite  tube-plates, 
might  serve  as  a  monument  to  his  genius,  and  as  an  example  of  the 
straits  to  which  the  circumstances  of  his  time  reduced  him,  rather 
than  furnish  proof  of  his  ingenuity.  It  is  true  that  since  his  day 
the  tube-  or  tubulous  boiler  has  been  employed  successfully  to 
generate  steam  of  high  pressure,  and  that  therefore  the  boiler  in 
question  might  be  taken  as  another  example  of  his  prescience.  It 
is  nevertheless  a  fact  that  he  did  not  succeed  until  the  ironmaster  of 
liis  day  gave  liim  iron  plates,  or  very  broad  bars,  as  we  should  be 
disposed  to  call  them  now.  The  dilemma  that  arose  about  the 
shaft  of  the  Great  Western  was  removed  by  the  genius  of  Xasniyth, 
an  engineer;  but  the  steam-hammer  without  the  men  to  work  a 
foro;e  would  have  been  a  useless  tool,  and  the  cast-iron  shaft  would 
have  had  to  take  its  chance ;  so  that  I  infer  that  as  much  skill  and 
invention  were  shown  by  those  men  who  had  to  manipulate  the  iron 
with  that  hammer  for  the  first  time,  as  was  required  to  conceive, 
design,  and  make  the  hammer  itself.  History  has  not  been  quite 
fair',  for  although  she  has  recorded  the  one  feat,  and  has  justly 
awarded  her  tribute  of  praise  to  the  inventor  of  the  tool,  so  far  as  I 
am  aware  there  is  neither  name  nor  praise  recorded  of  the  men  who 
worked  it,  nor  of  the  ironmaster  who  erected  it.  I  do  not  mean  to 
say  that  the  circumstances  are  not  known,  but  there  are  now  very  few 
men  who  could  give  the  information,  and  although  a  comparatively 
short  time  only  has  elapsed,  their  names  are  practically  forgotten. 

Tlie  Substitution  of  Steel  for  Iron  in  Boilers. 

On  the  introduction  of  Siemens  steel  plates  the  old  Staffordshire 
list  of  extras  was  practically  abandoned  by  steel-makers.  This  iiad 
more  to  do  with  the  progress  subsequently  made  in  boiler  construc- 
tion than  the  introduction  of  the  material  of  superior  strength,  inas- 
much as  it  made  it  possible  to  construct  a  boiler  with  the  minimum 
number  of  plates  at  a  less  expense  than  one  with  almost  the  max- 
imum number.  The  ironmaster  could  give  us  plates  nine  feet  wide 
twenty  years  or  more  ago,  but  he  wanted  such  a  high  price  for  them, 
that  no  boiler-maker  who  worked  in  competition  with  his  neighbors 
had  the  courage  to  use  them,  although  I  am  of  opinion  that  it  would 
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have  paiil  to  do  so  in  all  districts  where  labor  was  high.  And  that 
the  hoiler-niaker  did  not  use  them  was  rather  in  consequence  of  his 
inability  or  disinclination  to  reckon  the  cost.  At  any  rate,  he  did  not 
employ  largo  plates  until  they  were  practically  at  the  same  price  as 
small  ones,  and  thus  boilers  were  constructed  in  the  patchwork  form 
until  the  era  of  Siemens-Martin  steel.  Here,  as  usual,  it  was  the 
bugbear  of  cost  that  stopped  progress,  and  this  same  bugbear  does  to 
this  day  often  bar  our  way  to  the  goal  that  some  of  us  see  so  far  off. 
You,  gentlemen,  have  often  proved  yourselves  to  be  our  saviors,  and 
we  always  look  to  you  to  remove  the  obstacles  to  progress  that  con- 
front us,  as  also  to  the  development  of  new  departures.  Without 
your  help  we  would  be  at  a  stand-still ;  with  it  we  can  advance 
step  by  step;  and  I  am  bound  to  say,  in  justice  to  you,  that  when 
we  make  clear  our  demand  for  some  new  thing,  you  always  tackle 
the  problem  forthwith,  and  sooner  or  later  give  us  what  we  need.  We 
have  not  yet,  however,  exhausted  the  list  of  things  we  want,  nor 
have  you  yet  satisfied  all  our  longings  for  the  things  we  have  asked 
for.  When  you  give  us  steel  castings  without  blow-holes,  steel  forg- 
in^s  absolutely  free  from  hair-marks  an  eighth  of  an  inch  below  the 
surface,  steel  plates  that  know  nothing  of  the  "blue  black"  state, 
and  that  will  not  give  way  under  any  circumstances  at  a  less  strain 
than  that  io  which  they  have  been  tested,  we  will  not  only  be  Very 
grateful  to  you,  but  will  ask  for  something  else  that  shall  give  you 
the  enjoyment  of  exercising  your  inventive  genius  and  that  splendid 
patience  with  which  I  know  you  are  all  endowed. 

The  period  chosen  for  consideration  in  this  paper  is  one  that  em- 
braces the  genesis  of  the  modern  development  of  the  marine  engine 
and  boiler;  but  it  is,  moreover,  the  time  that  has  elapsed  since  the 
introduction  of  Siemens  steel,  to  which  I  attribute  much  of  the  pro- 
gress that  has  recently  been  made.  Previous  to  that  time,  iron  was 
used  almost  exclusively  in  the  construction  of  marine  boilers,  and 
very  little  steel  indeed  had  been  used  in  the  engine.  Boiler-shells 
were  made  of  StafJbrdshire  iron  plates,  or  of  such  other  iron  as  was 
equal  to  it  in  both  quality  and  price;  the  insides,  such  as  the  fur- 
naces and  fireboxes,  were  made  wholly,  or  nearly  so,  of  what  was 
familiarly  known  as  ''  Lowmoor  quality."  The  price  of  the  latter 
was  very  high  compared  with  that  of  the  steel  we  now  use,  and  may 
be  taken  as  £30  (§145.80)  per  ton  on  the  average.  The  Stafford- 
shire iron  at  that  time  averaged  about  £9  ($43.75')  per  ton  for  a  boiler 
made  of  comparatively  small  plates,  and  £12  ($58.33)  for  a  boiler 
made  by  a  more  enterprising  engineer  with   larger  plates.     There 
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was  practically  no  limit  to  the  boiler-pressure  so  far  as  the  internal 
parts  were  concerned,  but  the  working-pressure  was  decidedly  limited 
in  so  far  as  it  was  governed  by  the  shell.  There  were  then  some 
few  firms  which  could  supply  a  plate  1^  inch  thick  of  fairly  large 
dimensions,  and  in  some  very  few  instances  plates  as  thick  as  1^ 
inch  w^ere  used.  Taking  the  former  as  the  more  common  and  also 
the  more  convenient  thickness,  it  meant  that  a  boiler  of  15  feet 
diameter  would  pass  only  for  a  working-pressure  of  75  pounds ;  or  if 
J 00  pounds  pressure  was  required,  the  limit  to  the  diameter  was  11 
feet  3  inches  for  single-ended  boilers  and  something  less  for  double- 
ended  ones.  For  a  pressure  of  150  pounds,  the  diameter  would  have 
been  only  7  feet  6  inches.  It  need  not  be  urged  that  this  was  pro- 
hibitive of  higher  pressures,  although  it  had  such  an  effect  indi- 
rectly, inasmuch  as  the  stays,  etc.,  being  likewise  of  iron,  would  have 
been  either  of  monstrous  size  or  so  close  together  as  to  render  the 
construction  impracticable.  The  weight  of  such  boilers  was  also 
very  much  against  them,  and  altogether  it  required  more  courage 
than  then  existed,  and  certainly  less  caution  than  then  obtained,  to 
attempt  such  strides  as  have  been  since  successfully  accomplished. 
I  have  stated  that  there  was  no  theoretical  difficulty  with  the  insides 
of  the  boilers,  but,  as  a  matter  of  fact,  there  were  some  practical  dif- 
ficulties to  encounter.  Lowmoor  iron,  when  exposed  to.  heat,  was 
especially  liable  to  blister  from  innumerable  laminations,  and  these 
blisters  caused  trouble  enough  with  the  pressures  and  temperatures 
then  ruling.  What  the  troubles  might  have  been  with  the  thicker 
plates,  higher  pressures'  and  higher  temperatures  was  not  known, 
and  like  all  unknown  terrors,  they  were  feared  most.  It  is  true  that 
means  were  well  known  for  stiffening  the  furnace  so  as  to  withstand 
higher  pressures;  but  these  very  means  were  often  sources  of  mis- 
chief, and  were  always  feared  as  likely  to  lead  to  accidents.  It  is 
true,  also,  that  we  had  the  locomotive-boiler  working  at  pressures 
far  beyond  that,  of  the  ordinary  marine  boiler,  but  marine  engineers 
were  very  chary  of  trusting  to  it,  and  events  proved  that  their  sus- 
picions were  'not  without  foundation  ;  for  even  now  that  the  locomo- 
tive boiler  has  been  used  on  shii)l)oard  to  a  considerable  extent,  its 
success  at  sea  has  been  decidedly  qualified,  and  no  one  will  use  it 
unless  circumstances  compel  him  to,  and  then  only  when  he  can  get 
a  su])ply  of  fresh  water. 

The  supply  of  a  material  possessing  all  the  good  qualities  of  Low- 
moor  iron,  without  its  bad  ones,  enabled  Mr.  Samson  Fox,  and  sub- 
sequently others,  to  weld  a  cylindrical  tube  of  almost  any  size,  and 
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SO  manipulate  it  by  corrugating  or  raising  ridges  as  to  render  it  proof 
against  the  j)ressures  we  now  require.  Thus  was  the  internal  ditTi- 
culty  solved.  The  steel  which  is  the  material  I  allude  to,  had  an 
ultimate  tensile  strength  30  per  cent,  higher  than  that  of  the  iron 
used  in  the  boiler-shell,  and  it  could  be  manipulated  in  a  manner 
unknown  with  tiie  older  material,  besides  costing  no  more  tiian 
Staffordshire  iron.  For  the  same  dimensions  and  same  pressure,  a 
boiler  made  wholly  of  this  steel  was  cheaper,  lighter,  and  of  better 
design  and  manufacture  than  one  of  iron.  Natural  conservatism, 
or  some  other  occult  force,  seems  to  have  prevented  the  marine 
engineer  from  taking  the  full  advantage  of  the  sj)lendid  substitute 
you  gentlemen  were  ))repared  to  supply  him  with.  I  must  not 
forget,  however,  that  there  was  another  force,  one  of  the  strongest  we 
have  to  combat  in  our  professional  work,  which  was  decidedly  op- 
posed to  the  new  material ;  that  was  prejudice.  I  feel  even  now 
tempted  to  take  up  the  cudgels  against  that  old  enemy  of  the  engi- 
neer, but  in  this  case  it  would  be  waste  of  energy  to  thrash,  as  the 
dog  is  dead. 

The  Demand  for  Higher  Speed. 

So  far  this  was  the  condition  of  affairs  when  fresh  demands  began 
to  be  made  on  the  marine  engineer.  It  had  been  demonstrated  to 
the  shipping  world- that  it  was  possible  to  cross  the  Atlantic  at  a 
higher  speed  than  thirteen  knots,  and  that  the  ships  possessing  this 
higher  speed  made  their  voyages  regularly,  and,  if  rumor  could  be 
trusted,  were  paying.  Certainly,  both  the  American  and  the  British 
])ublic  showed  a  preference  for  them,  and  there  was  a  growing  taste 
for  speed  at  sea  as  there  had  been  on  land.  The  Inman  and  White 
Star  companies  had  shown  that  fifteen  knots  were  not  only  possible, 
but  could  be  sustained  with  commercial  success.  But  it  was  urged 
that,  to  get  this  speed,  the  ships  must  be  very  large,  very  costly  in 
construction,  and  expensive  in  maintenance.  This  was  quite  true, 
and  it  remained  to  be  seen  if  they  would  pay  when  there  were  more 
of  them,  with  the  consequent  competition.  The  Britannic  was  built 
of  iron,  had  iron  boilers,  and  was  propelled  by  ordinary  compound 
engines.  She  has  been  a  very  successful  ship  in  every  sense  of  the 
word,  and  holds  her  own  to-day  ;  but  her  speed  is  no  more  than 
fiflteen  knots  still,  and  so  she  has-  to  depend  on  something  besides 
speed  for  a  character  now.  She  is  a  ship  built  prior  to  the  period  I 
am  considering,  and  needs  not  to  be  further  discus.sed;  she  is  taken 
only  as  one  of  the  causes  which  created  a  new  demand. 
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That  demand  was  for  more  speed.  Now,  with  the  same  condi- 
tions, more  speed  meant,  for  any  ship,  more  indicated  horse-power, 
more  coal,  larger  boilers,  and,  finally,  to  get  the  speed  economically, 
finer  lines;  in  other  words,  less  ability  to  carry  the  heavier  weights 
entailed  by  the  greater  power.  The  A7-izona  was  the  first  to  supply 
this  new  demand.  Iron  was  the  material  used,  the  Compound  engine 
the  moving  machine.  The  result  was  a  gain  of  two  knots  per  hour, 
equal  to  13  per  cent.,  with  an  increase  in  coal  consumption  of  50  per 
cent.  The  carrying  capacity  for  the  size  of  the  ship  was  considerably 
less,  the  tonnage  under  deck  being  only  5  per  cent.  more.  It  will  be  • 
seen  that  the  cost  of  this  excess  of  two  knots  was  very  great — first 
in  the  larger  ship,  then  in  the  larger  engines,  then  in  the  increased 
consumption  of  fuel;  also  that,  owing  to  the  extra  weight  of,  and 
space  occupied  by  the  machinery,  together  with  the  extra  coal  to  be 
carried  in  the  bunkers,  the  new  ship  was  less  able  to  earn  sufficient 
freight  to  meet  the  expenses  of  the  older  ship,  and  still  less  able  to 
meet  her  own.  It  is,  therefore,  evident  that  such  a  ship  must  depend 
almost  entirely  on  passengers  and  light  goods  of  high  value,  to  enable 
her  to  be  run  profitably. 

In  s})ite  of  all  these  serious  disadvantages,  the  demand  for  such 
ships  continued,  so  that  the  Arizona  was  soon  followed  by  the  Ore- 
gon and  Alaska,  still  larger  and  faster  ships.-  These  were  followed 
by  the  Servia,  City  of  Home,  and  America.  Then  came  the  Aurania, 
Umbria,  and  Elruria;  and,  finally,  we  have  the  City  of  New  York, 
City  of  Paris,  Teutonic,  and  3IajeMic,  of  10,000  tons,  running  regu- 
larly at  twenty  knots  on  the  Atlantic.  These  were  the  replies  with 
which  marine  engineers  and  shipbuilders  responded  to  the  demand 
for  greater  speed.  In  fifteen  years  the  speed  has  been  increased  from 
thirteen  knots  to  twenty,  and  there  is  no  reason  to  doubt  that  these 
ships  pay  very  well  in  spite  of  their  enormous  cost  and  working  ex- 
penses. Such  ships  are  not  only  made  to  pay,  but  they  are  actually 
possible  only  as  a  result  of  what  has  been  done  by  the  steel  manu- 
facturer. Without  steel  in  both  hull  and  engines,  such  ships  could 
not  be  built  to  accomplish  the  speed,  or  to  safely  withstand  the  strain 
of  sea  ami  machinery. 

The  Britannic  was  built  of  iron,  had  iron  boilers,  and  her  engines 
were  made  more  or  less  of  iron  in  one  form  or  another.  The  City  of 
New  York  is  built  of  steel,  has  steel  boilers,  and  her  engines  are,  to  a 
very  large  extent,  constructed  of  steel.  The  saving  in  weight  by  the 
use  of  steel  is  very  considerable  in  both  hull  and  machinery,  and  as 
a  result  of  this  saving  either  more  cargo  can  be  carried,  or,  for  the 
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same  cargo,  the  ship  can  have  finer  lines,  so  that  a  higher  speed  is 
))Ossil)le  with  the  same  horse- power,  or  the  same  speed  with  less  horse- 
power and  less  consnmption  of  coal. 

Having  thus  briefly  sketched  the  origin  and  history  of  the  de- 
mand for  more  speed  in  the  Atlantic  service,  I  will  pass  from  this 
})art  of  my  suliject  with  the  observation  that  if  the  owners  or 
managers  of  ships  in  that  trade  had  been  well  advised,  tluy  would 
long  ago  have  separated  the  passenger-  from  the  goods-trade.  A 
steamer  for  passenger  service  only  could  have  been  built  for  the 
speeds  now  attained  at  far  less  cost  in  every  sense  of  the  word.  It 
is  only  those  who  have  to  work  out  some  of  the  problems  set  them 
by  shipowners  that  appear  to  know,  and  to  appreciate,  the  tremen- 
dous cost  which  is  paid  for  the  ability  to  carry  the  few  hundreds  of 
tons  of  cargo  possessed  by  the  "  Atlantic  greyhounds." 

In  1875  there  were  many  ships  in  the  British  navy  ca{)able  of 
doing  fifteen  knots  per  hour  on  trial-ti'ips,  but  very  few  that  could 
maintain  that  speed  at  sea.  The  necessity  for  having  war-ships  that 
could  maintain  that  speed  arose  as  soon  as  the  mercantile  ships  of 
Great  Britain  could  accomplish  it;  for  in  time  of  war  not  only  would 
the  latter  have  to  be  convoyed,  but  the  possibility  of  an  enemy 
possessing  ships  of  an  equally  high  speed  with  which  to  harass 
the  trade  of  the  country  was  apparent.  There  was  also  the  neces- 
sity for  unarmored  cruisers  which,  for  obvious  reasons,  should  pos- 
sess a  superior  speed  to  battle-shij)s,  and  to  act  efficiently  as  sea- 
police  they  must  have  a  speed  superior  to  that  of  any  ordinary  ship 
afloat.    Hence  the  demand  for  greater  speed  in  Her  Majesty's  Navy. 

The  competition  among  the  various  steamship  companies  running 
in  connection  with  railway-routes,  and  others  in  competition  with 
railway-routes,  caused  a  demand  for  increased  speed  in  still  a  dif- 
ferent class  of  ships.  In  fact,  in  every  direction  there  existed  a 
demand  for  more  speed,  so  that  there  was  every  incentive  to  the 
shipbuilder  and  engineer  to  exercise  his  keenest  wit  in  devising  new 
ways  of  accomplishing  this  desirable  end. 

It  will  now  be  my  task  to  show  how  this  has  been  accomplished 
by  the  marine  engineer,  so  that  the  public  can  now  travel  at  higher 
speed,  with  greater  safety,  with  increased  comfort,  and  at  no  higher 
cost,  than  obtained  on  the  ocean  fifteen  years  ago. 

I  have  stated  that  one  way  of  obtaining  speed  was  by  making 
ships  with  finer  lines,  and  this  had  always  to  be  done  at  a  consider- 
able sacrifice  of  carrying  power.  Steel  has,  however,  to  a  large 
extent  obviated  the  necessity  for  such  a  sacrifice.     New  methods  of 
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construction  and  new  forms  of  material  have  also  tended  to  this  end. 
Ironmasters  no\vsn|)ply  at  reasonable  rates  bars  of  Z-section,  whereby 
the  framework  of  the  shijj  becomes  much  lighter,  and  at  the  same 
^me  stronger,  than  by  the  old  combination  of  angle- bars.  Moreover, 
this  splendid  steel  that  you  now  give  us  is  capable  of  being  so  flanged, 
and  that,  too,  when  cold,  that  there  no  longer  exists  the  necessity  of 
riveting  an  angle-bar  to  the  plate,  if  it  is  sought  to  stiffen  it  or  to 
connect  it  to  other  work.  You  supply  us  now,  at  practically  no 
extra  cost,  with  such  materials  that  we  can  construct  our  ships  with 
much  fewer  plates,  whereby  we  avoid  the  cost,  weight,  and  disad- 
vantage of  so  many  joints.  You  are  no  doubt  told  from  time  to 
time  that  this  new  material  has  a  serious  fault — that  with  all  its 
good  qualities  it  is  not  as  durable  as  the  older  one.  This  has  a 
sufficient  foundation  of  truth  to  make  the  opposition  to  it  powerful ; 
but  with  very  ordinary  precaution  and  care,  experience  has  shown 
that  it  can  have  the  same  endurance ;  and  there  is  no  doubt  that 
with  a  better  knowledge  of  how  to  treat  it,  this  objection  will  entirely 
disappear,  just  as  the  same  objection  to  iron  ships  existed,  and  has 
now  been  almost  forgotten.  The  best  remedy  is  to  get  rid  of  the 
mi  11 -scale  before  painting. 

But  while  admitting  that  the  naval  architect  has  done  much  to 
bring  about  a  successful  solution  of  the  speed  problem,  I  must  main- 
tain that  the  marine  engineer  has  done  more.  His  path  was  not  so 
obvious  nor  so  clear  before  him,  and  new  openings  have  often  shown 
themselves  in  unexpected  places. 

Whether  the  marine  engineer  starts  with  a  fixed  weight  given 
him  by  the  naval  architect,  or  whether  the  latter  accepts  such  from 
the  former,  and  designs  the  ship  accordingly,  is  immaterial.  The 
fact  remains  that  the  engineer,  in  order  to  get  the  maximum  power, 
must  get  each  individual  horse-power  with  the  minimum  of  weight, 
in  order  that  the  ship  may  be  a  success;  and  his  problem  has  been 
how  to  do  this  without  adopting  too  costly  processes. 

His  first  step  in  this  direction  was  comparatively  obvious.  An 
engine  develops  so  much  horse-power  at  each  revolution.  If  it  can 
be  made  to  do  sixty  per  minute  instead  of  fifty,  the  gain  in  power 
is  20  i)er  cent;  and  if  the  speed  was  at  first  13  knots,  it  should  now 
be  13.8  knots,  or  a  gain  of  nearly  a  knot  per  hour.  But  how  can 
we  iret  this  increase  in  the  number  of  revolutions,  and  is  it  to  be 
done  economically?  So  far  as  the  engines  are  concerned,  it  would 
mean  an  increase  to  the  condenser  only  ;  and  seeing  that  nearly  all 
steamers  at  the  date  in  question    had   too  much   cooling  surface,  it 
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would  probably  have  required  no  increase  at  all.  But  more  steam 
was  required  for  this  increase  of  })o\ver,  and  so  the  engineer  of  that 
day  had  to  fit  larger  boilers  to  his  ship.  With  large  ocean  steamers 
this  was  always  possible,  but  for  the  smaller  steamer  it  was  not 
always  })ossible,  neither  was  it  possible  for  the  small  steamer  to  carry 
the  extra  fuel.  It  is  not  necessary  here  to  go  into  details,  but  it  is  a 
fact  that  the  insuperable  difficulty  with  this  class  in  the  endeavor  to 
obtain  more  speed  was  the  impossibility  of  obtaining  sufficient  space 
for  the  necessary  boilers.  Some  other  engineer  would,  however, 
attempt  the  increased  number  of  revolutions  by  using  steam  of  much 
liigher  pressure,  trusting  to  its  su})erior  efficiency  to  offset  the  paucity 
of  supply.  If  his  engines  were  able  to  digest,  so  to  speak,  tliis 
superior  article,  and  to  make  full  use  of  its  superior  efficiency, 
he  was  undoubtedly  on  the  right  track.  Hence  the  success  of 
the  Arizona  and  the  ships  that  followed  her  was  due  to  these 
simple  departures.  Later  your  steel  admitted  of  still  higher  pres- 
sures being  obtained  from  the  boilers  of  succeeding  ships,  and  the 
three-cylinder  ordinary  compound  engines  admitted  of  a  higher 
rate  of  expansion  without  any  practical  drawbacks,  as  would  have 
been  the  case  with  the  four-cylinder  compound  engines  of  the 
BritdnniG.  The  possibility  of  constructing  boilers  for  higher  pres- 
sures by  the  introduction  of  Siemens-Martin  steel,  and  the  fact 
that  such  boilers  cost  less  than  the  old  iron  ones,  tempted  some  en- 
gineers to  use  steam  at  a  pressure  of  110  pounds  in  the  ordinary 
two-cylinder  compound  engine,  but  with  disappointing  results.  I 
am  aware  that  this  experiment  of  ten  or  twelve  yeai-s  ago  has  been 
tried  again,  and  that  its  new  foster-parents  state  that  the  system 
gives  as  good  results  as  the  triple  expansion. system.  They  deceive 
only  themselves,  and  the  evidence  they  give,  so  far  as  I  have  heard 
it,  is  conclusive  of  one  thing  only,  and  that  is  that  the  new  boilers 
and  better  arrangement  of  cylinders  that  they  have  adopted  now 
give  better  results  than  those  they  followed  formerly.  I  was  quite 
prepared  to  hear  that  the  substitution  of  two  cylinders  for  four, 
and  the  use  of  steam  at  150  pounds  pressure  expanding  ten  times 
would  give  better  results  than  steam  of  60  pounds  expanded  only 
six  times ;  this  is  really  what  has  been  proved,  and  no  more. 

Having  accomplished,  so  much  as  I  have  mentioned,  it  remained 
for  the  engineer  to  pursue  the  path  on  which  he  had  met  with  so 
much  success,  and  we  soon  find  him  running  even  these  large  en- 
gines at  eighty  revolutions.  Taking,  as  before,  the  increased  power 
as  proportional  to  the  increase  in  the  number  of  revolutions,  viz.,  60 
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per  cent.,  the  speed  should  now  be  15.25  knots  instead  of  J  3.  Revo- 
lutions have  now  done  for  him  as  much  as  he  thinks  prudent,  so  he 
has  to  start  in  a  new  direction,  and  this  time  it  is  in  the  nature  of 
an  enlargement  of  the  engines.  His  brother  engineer  of  the  Naval 
Board  has  had  to  do  this  long  ago,  because  he  had  started  with  a 
much  higher  number  of  revolutions — in  fact,  the  mercantile  engineer 
is  taking  uj)  what  the  naval  engineer  had  left  off.  The  latter,  how- 
ever, is  restricted  in  a  way  not  known  to  the  former ;  he  can  only- 
increase  the  size  of  the  engine  by  adding  to  the  number  of  the  cylin- 
ders, or  increasing  their  diameter.  He  has  tried  the  first  plan  ever 
since  1867,  and  until  the  compound  engines  forced  themselves  on 
him,  Maudsley's  three-cylinder  engines  had  given  hira  satisfaction, 
qualified,  it  is  true,  by  a  troublesome  valve-gearing.  The  mercan- 
tile engineer,  filled  with  gratitude  for  what  piston-speed  had  done 
for  him,  now  sees  his  way  to  getting  a  still  higher  speed  by  length- 
ening the  stroke,  so  that  in  1886  he  is  getting  close  upon  a  thousand 
feet  per  minute,  with  engines  whose  topmost  part  is  visible  from  the 
deck  without  craning  one's  neck  through  the  skylight.  Steam  is  sup- 
plied to  the  monster  by  many  huge  steel  boilers,  and  the  ship  can  carry 
but  little  more  than  her  fuel-supply  for  the  single  voyage. 

The  Triple-Expansion  Engine. 

But  before  this  climax  has  been  reached,  a  veteran  engineer  has 
turned  once  more  to  an  old  idea  of  his  own.  His  first  experiment 
with  it  had  failed  through  no  fault  of  it  or  of  his.  He  finds  that 
with  this  new  good  steel  he  can  now  build  a  boiler  of  a  type  well 
known  and  tried,  and  thereby  get  steam  of  the  pressure  he  requires 
with  certainty  and  safety;  and  in  1881  Dr.  Kirk  astonishes  the 
shii)ping  world  by  the  success  of  the  Aberdeen,  having  similar  en- 
gines to  those  of  the  Propontis,  which  were  made  by  him  i'l  1874, 
but  failed.  And  why  were  ship-owners  so  interested  in  the  success 
of  the  Aberdeen,  and  what  after  all  was  the  nature  of  licr  success? 
Her  steam-pressure  of  125  pounds  was  but  very  little  higher  than 
what  some  other  ships  were  then  using,  and  at  that  time  coal  was  as 
cheap  as  it  had  ever  been;  so  that,  although  fuel-economy  was  and 
always  is  of  importance,  it  was  not  in  itself  sufficient  to  cause  a  revo- 
lution so  sudden  and  complete  as  that  which  followed.  The  fact  is, 
here  was  the  real  solution  of  the  s[)eed  <[uestion. 

Since  then,  we  have  all  learnt  that  the  triple  engine  burns  less 
coal,  can  be  run  at  a   higher  speed,  anti    has  less   bulky  boilers  to 
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supply  it  with  steam  than  the  old  compounds,  and  that  was  what  we 
were  all  wanting  to  obtain^higher  speed  in  every  class  of  ship,  even 
in  the  so-called  ocean  tramps,  which  now  glory  in  a  ten-l<not  speed, 
whereas  formerly  the  skipper  was  a  proud  man  who  could  maintain 
a  level  eight  knots  throughout  the  voyage.  The  success,  however, 
of  the  Aberdeen  was  something  more  even  than  this.  Here  was  a 
ship  of  moderate  size,  good  speed,  and  good  carrying  capacity,  that 
was  going  to  make  a  very  long  voyage  by  a  route  on  which  the 
coaling-stations  were  far  apart,  and  at  some  of  them  the  coal  was 
very  dear.  Steamship  owners  could  now  see  before  them  fresh  fields 
for  enterprise,  and  the  owners  of  sailing  ships  learnt  before  long  that 
this  same  Dr.  Kirk  had  created  poachers  on  the  realm  so  long  held 
by  them.  The  sailing-ship  has  not  been  driven  off  the  high  seas,  but 
steamers  now  run  on  tracks  unknown  to  them  till  the  triple  engine 
existed. 

The  failure,  in  1874,  of  the  Propontis .was  due  to  the  want  of  a 
suitable  material  for  boiler-making,  which  by  1881  you  gentlemen 
had  supplied  to  us,  and  thereby  permitted  such  a  success  to  her  de- 
signer that  the  trade  of  the  world  has  been  revolutionized.  The 
saving  of  fuel  has  been  stated,  challenged,  debated  and  discussed  ad 
nauseam.  The  fact  remains  that  it  is  substantial,  and  is  approxi- 
mately 20  per  cent,  where  all  other  conditions  are  the  same.  Expe- 
rience has  proved  that  the  three-crank  engine  is  capable  of  being 
run  at  higher  speeds  than  the  twocrank  engine,  and  that  its  wear 
and  tear  is  absolutely  less.  As  20  per  cent,  less  steam  is  required, 
the  size  of  the  boilers  can,  of  course,  be  reduced  by  20  per  cent.,  or 
boilers  of  the  same  size  will  supply  steam  for  20  per  cent,  more 
power.  This  latter  fact  is  the  one  by  which,  partly  from  design  but 
oftener  from  unbelief,  the  generality  of  ship-owners  have  profited. 
To  it  the  superior  speed  of  many  of  the  "  tramps  "  is  due,  while  that 
of  small  passenger  steamers  is  almost  wholly  attributable  to  greater 
engine  speed. 

On  the  whole,  the  saving  of  coal  by  means  of  the  triple  compound 
engine  has  been  rather  in  the  direction  of  the  allowance  per  horse- 
power than  per  ton  carried,  as  the  ton  carried  is  now  almost  univer- 
sally carried  at  a  higher  speed.  The  actual  saving  is  nevertheless  a 
very  substantial  one,  both  to  the  world  and  to  the  individual  ship- 
owner, for  a  ship,  if  run  at  a  higher  speed,  makes  more  voyages  in  a 
year,  so  that  the  trade  is  done  with  less  capital,  which  means  less 
tonnage.  The  consequent  need  for  less  tonnage  no  doubt  depresses 
the  freight  rates,  and  so  the  unfortunate  ship-owner  does  not  reap 
VOL,  XIX. — 55 
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the  harvest,  but  only  as  it  is  shared  by  the  public  at  large.  The  con- 
tinued depression  in  shipping  is  undoubtedly  due  to  Dr.  Kirk's 
genius,  and  hence  he  gets  so  little  praise. 

Forced  Draught. 

Mr.  Thorneycroft,*  now  so  well  known  as  the  designer  and  builder 
of  steam-launches,  and  later  of  torpedo-boats,  soon  had  to  give  up 
non-condensing  engines  and  condense  the  steam  so  as  to  get  fresh 
water  for  feedino-  the  locomotive-boilers  he  used.  The  loss  of  means 
of  draught  in  the  escape-steam  caused  him  to  substitute  artificial 
sources  of  air-supply,  and  he  found  that  by  forcing  air  under  the 
grates  he  could  get  an  increase  of  steam  supply  over  that  given 
formerly  by  the  steam-blast.  The  pressure  of  air  was  increased  from 
one  half  inch  to  as  much  as  six  inches  of  water,  corresponding  to 
that  of  the  fiercest  draught  of  an  express  locomotive;  the  supply  of 
steam  was  excellent,  and  the  speed  obtained  with  a  steam-launch  of 
considerable  size  and  torpedo-boats  larger  still  was  very  high,  and 
was  at  the  time  considered  marvellous.  The  means  wiiereby  these 
improved  results  were  achieved  were  in  themselves  simple  and  inex- 
pensive. The  compartment  containing  the  boilers  was  made  air- 
tight, and  into  it  was  forced  a  supply  of  air  from  the  deck  by  means 
of  one  or  more  fans  of  the  ordinary  type,  driven  by  an  independent 
engine.  The  simplicity  of  these  means,  and  the  success  attending 
the  experiments,  led  our  naval  engineers  in  1880  toadoj)t  them  on  a 
large  scale  in  some  cruisers  of  the  Leander  class,  the  result  being 
that  with  precisely  the  same  engines  and  boilers,  and  with  only  the 
addition  of  the  forced-draught  arrangement,  a  considerable  increase 
of  speed  was  achieved.  Since  that  date,  similar  forced- draught 
arrangements  have  been  fitted  to  all  the  new  ships  built  for  the 
British  navy,  and  the  example  thus  set  has  been  followed  by  the 
engineers  of  other  countries. 

As  an  illustration  of  what  can  be  done  in  this  way,  it  is  sufficient 
to  instance  the  case  of  the  first-class  belted  cruisers  of  the  Immor- 
talif^  class.  When  working  under  natural  draught,  the  power  to  be 
indicated  was  5500  horses,  and  on  the  trial  trip  as  much  as  6000 


*  I  have  given  Mr.  Thorneycroft  the  creflit  of  the  modern  application  of  forced 
or  artificial  draught,  but  tiic  fact  is  tliat  the  first  attempt  in  this  direction  was  made 
by  Ericson  in  182S  to  thesteamer  FiV/w-i/,  commanded  bySirJohn  Ross,  who,  strange 
to  Hay,  enters  in  his  log  that  "the  boiler  still  continued  to  leak,  although  we  had 
put  dung  and  potatoes  in  it,  as  directed  by  the  engineers." 
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horse-power  was  developed.     With  forced  draught,  due  to  an  air- 
pressure  equal   to   two   inches  of  water,  it  was  expected  that  8500 
horses  would  he  developed  by  the  engines ;  but,  as  a  matter  of  fact, 
on  the  trial-trip  and  under  these  conditions  over  9000  horse  power 
was  obtained,  and  the  speed  was  raised  from  sixteen  and  a  half  knots 
to  nineteen  knots.     At  the  present  time,  speeds  of  twenty  knots  per 
hour  are  being  realized   in  Her   Majesty's  Navy  with   engines  and 
boilers  of  such  a  size  as  ten  years  ago  would  have  been  deemed  sufficient 
for  a  speed  of  only  fifteen  knots.     It  is,  however,  a  fact,  I  regret  to 
say,  that  in  running  continuously  under  forced  draught  the  engineers 
of  the  British  navy  experience  more  or  less  trouble  with  the  boilers. 
This  is  not,  in  my  opinion,  due  to  the  system,  but  to  the  want  of 
suitable  provisions  in   the  boiler  design  for  the  conditions  under 
which  they  have  to  work  when  being  pressed  to  the  utmost.     It  is, 
in  fact,  a  little  error  of  judgment  on  the  part  of  the  authorities,  into 
which 'they  have  been  led  by  the  perfect  success  ot  their  previous 
efforts  in  the  same  direction  ;  and  just  as  the  locomotive  engineer  of 
to-day  is   dependent  on,  and  has   the  utmost  faith   in,   the  forced 
draught  by  which  he  gets  express  si)eeds,  so  the  marine  engineer  will 
get  over  his  difficulties  as  the  locomotive  engineer  did,  so  that  in 
the  near  future  we  shall  see  ships  whose  boilers  are  worked  under 
forced  draught    with    perfect  safety  and    confidence  doing  express 

In  the  days  of  natural  draught  and  compound  engines,  10  horse- 
power per  square  foot  of  grate  was  thought  to  be  a  good  result ; 
with  the  introduction  of  the  triple  engine  and  higher  pressures  a 
natural  draught  would  give  14  to  15  horse-power  per  square  foot  of 
grate;  and  the  modern  forced  draught  now  used  in  large  ships 
enables  us  to  get  20  horse-power  per  square  foot  of  grate ;  and  in 
smaller  boats,  where  the  air-pressure  in  the  stoke-holes  has  been 
raised  above  two  inches,  even  higher  results  have  been  reached. 

With  the  success  of  the  principle  of  forced  draught  came  the 
usual  number  of  enterprising  inventors  with  their  devices,  some  of 
them  good,  others  not  worthy  of  notice,  but  all  more  or  less  mis- 
conceived so  far  as  the  objects  aimed  at  and  the  end  to  be  attained 
were  concerned.  As  a  means  to  a  particular  end,  forced  draught  has 
been  a  success ;  as  a  means  to  the  several  ends  held  in  view  by  ex- 
perimenters, it  has  not  been  a  success.  When  the  consumptio.i  of  a 
larger  amount  of  fuel  per  square  foot  of  grate,  with  a  consequent 
increase  in  the  supply  of  steam,  was  the  object,  no  one  could  com- 
plain ;  but  that  there  should  be  an  economy  of  fuel  per  horse-power 
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was  not  to  be  expected,  although  it  is  true  that  witli  some  kinds  of 
coal,  and  in  some  kinds  of  boilers,  the  more  rapid  combustion  and 
the  more  intense  heat  obtained,  have  been  attended  with  a  slight 
economy  in  consumption.  It  is  claimed  by  certain  inventors  that  by 
their  patents  economy  is  effected,  inasmuch  as  the  air  forced  into  the 
furnaces  is  to  some  extent  heated  by  the  waste-gases  in  the  up-take 
and  funnel ;  but  seeing  how  low  the  specific  heat  of  air  is  and  the 
short  time  to  which  it  is  exposed  to  the  heating  process,  it  is 
very  d'oubtful  if  the  gain  would  outweigh  some  of  the  disadvan- 
tages of  the  system  ;  and,  on  the  whole,  I  am  inclined  to  think 
that  our  Admiralty  system  of  closed  stoke-holes  is  the  best,  and 
that  economy  must  be  sought  in  the  better  firing  that  is  possible 
under  these  conditions  than  to  the  heating  of  the  air  supply, — not 
that  I  by  any  means  undervalue  the  advantage  of  the  regenerative 
process. 

Where  forced  draught  has  been  used  in  the  mercantile  marine  for 
speed  purposes,  I  hear  of  little  or  no  complaint,  but  when  introduced 
for  the  sole  purpose  of  effecting  economy  of  fuel,  the  praise  is  of  a 
very  qualified  nature,  and  the  complaints,  when  made,  are  unmis- 
takable. 

To  sum  up,  the  three  great  developments  of  marine  engineering 
that  have  been  made  in  the  past  ten  years  are: 

1.  Increase  in  working-pressure  from  an  average  of  75  pounds  to 
an  average  of  150  pounds  per  square  inch. 

2.  The  adoption  of  the  triple  and  quadruple  expansion  system,  so 
as  to  utilize  steam  of  this  high  pressure  efficiently. 

3.  The  adoption  of  artificial  means  for  obtaining  sufficient  draught 
for  the  consumption  of  coal,  and  when  desired,  for  an  increased  con- 
sumption of  coal,  so  as  to  give  an  augmented  supply  of  steam  with- 
out additional  boiler  capacity  ;  with  the  result  that  in  naval  ships 
the  indicated  horse-power  for  practically  the  same  weight  of  ma- 
chinery is  nearly  doubled,  and  in  the  mercantile  marine  the  indi- 
cated horse-power  is  50  to  75  per  cent,  more  for  the  same  weight  of 
machinery  than  was  used  fifteen  years  ago,  the  consumption  of  coal 
is  20  per  cent,  less  than  ten  years  ago,  and  25  to  30  per  cent,  less 
than  fifteen  years  ago. 

The  Use  of  Steel  and  Hard  Alloys  in  Engines. 

I  now  come  to  the  progress  that  has  been  made  by  tiie  marine 
engineer  in  the  design  and  manufacture  of  machinery,  whereby  the 
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engine  of  to-day,  nottvithstanding  that  it  is  lighter  and  even  cheaper 
than  that  of  fifteen  years  ago,  is  worked  with  less  wear  and  tear  and 
fewer  accidents.  Although  the  tremendous  demand  for  sea-going 
engineers  has  militated  somewhat  against  the  quality  of  the  supply, 
so  that  the  marine  machinery  of  to-day  is  probably  not  in  the  hands 
of  such  experienced  and  skilful  men  as  then,  yet  at  the  end  of  twelve 
months'  work  it  is  in  better  order  now  than  was  the  case  fifteen 
years  ago.  I  do  not  wish  by  any  means  to  disparage  the  skill  and 
ability  of  our  sea-going  engineers,  but  I  think  that  I  shall  be  sup- 
ported in  saying  that  }Ounger  faces  are  to  be  seen  in  important 
positions  in  the  engine-rooms  to-day  than  was  the  case  fifteen  years 
ago;  that  whereas  a  natural  taste  and  aptitude  for  the  profession 
were  formerly  a  sine  qua  non  for  entrance  to  it,  it  is  now  flooded  by 
young  men  who  simply  regard  it  as  being  more  lucrative  than  some 
other  professions  and  trades  to  which  admittance  is  easy. 

That  the  constant  complaint  of  hot  bearings  has  become  practi- 
cally a  thing  of  the  past  is  due  partly  to  improved  construction  and 
better  design  consequent  on  a  better  understanding  of  first  princi- 
ples; but  good  white  metal  has  done  almost  more,  as  it  has  been 
found  an  etficient  cure  for  the  evil  in  places  where  it  has  existed  for 
years  in  the  older  engines ;  hence  we  find  that  while  formerly  it  was 
only  war-ships  and  those  of  the  best  mail-ship  companies  that  in- 
dulged in  the  luxury  of  white  metal,  now,  as  a  matter  of  economy, 
the  meanest  of  steamships  usually  has  this  metal  in  the  main  bear- 
ings and  crank-pin  brasses;  for  a  hot  bearing  always  means  an  ex- 
pensive bearing,  both  in  coal-consum{)tion  and  in  wear  and  tear  and 
renewals.  The  increased  length  of  life  of  crank-shafts  is  due  to  the 
absence  of  hot  bearings,  as  well  as  to  the  lighter  strains  put  upon 
them.  It  is  white  metal  which  has  permitted  the  high  number  of 
revolutions  per  minute  that  I  have  already  pointed  out  as  one  of  the 
conditions  of  high  speed  in  ships. 

I  would  also  express  the  opinion  that  the  crank-shaft  of  to-day  is 
better  made  and  of  better  material  than  was  the  case  fifteen  years 
ago.  Improved  methods  of  manufacture  of  iron  forgings,  and  the 
improved  steel  which  you,  gentlemen,  give  us,  admit  a  better  sur- 
face, and  the  well-made  and  heavy  lathes  of  the  present  day  can  do 
the  work  not  only  more  cheaply,  but  more  accurately,  than  was  the 
case  then.  It  is  to  be  hoped  that  the  combination  of  the  crank-shaft 
makers  in  England,  whereby  the  price  is  kept  up,  will  act  in  main- 
taining the  quality,  and,  if  possible,  raising  it  beyond  what  it  was 
when  competition  was  so  severe. 
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In  the  construction  of  the  modern  marine  engine  the  most  marked 
feature  of  change  is  the  quantity  of  steel  castings  introduced,  some- 
times in  the  place  of  forgings,  sometimes  in  the  place  of  iron  cast- 
ings, and  sometimes  in  the  place  of  brass  castings.  I  ventured  more 
than  twenty  years  ago,  when  I  was  a  student  of  engineering,  to  pre- 
dict that  the  time  would  come  when  we  should  get  steel  cast  into 
the  various  forms  we  required,  and  that,  with  the  introduction  of 
Such  a  metal,  cast-iron  would  gradually  disappear  from  the  marine 
engine.  In  a  sense,  my  prophecy  has  been  fulfilled  sooner  than  I 
had  expected,  but  cast-iron  has  not  been  driven  from  the  field  as 
rapidly  as  might  have  been  expected  after  the  introduction  of  steel 
castings.  The  fact  is  that  you,  gentlemen,  have  not  yet  learned  the 
whole  secret  of  success;  and  I  do  not  say  this  reproachfully,  for  so 
many  of  you  have  worked  energetically  at  the  problem,  and  have 
improved  in  your  productions  in  such  a  comparatively  short  time 
that  you  deserve  praise  rather  than  censure.  We  engineers  do  com- 
plain— sometimes  very  savagely — of  the  delays  we  experience  in 
obtaining  steel  castings,  and  of  the  loss  to  us  when,  after  machining 
for  days,  we  open  up  such  faulty  places  as  necessitate  the  condemna- 
tion of  the  castings;  but  in  our  calmer  moments  we  are  fain  to 
admit  that  our  wonder  should  rather  be,  not  that  bad  castings  are 
made,  but  that  we  occasionally  get  good  ones.  Ten  years  ago  my 
firm  commenced  using  steel  castings  in  lieu  of  iron  ones  for  such 
))arts  as  were  subject  to  shock,  and  were  of  such  plain  design  as  to 
be  easily  cast.  We  then  substituted  cast-steel  for  forgings  on  which 
the  strain  per  square  inch  was  very  light.  For  these  purposes  all 
we  required  was  a  material  whose  ultimate  strength  was  at  least 
20  tons,  and  which,  before  breaking,  would  stretch  at  least  5  per 
cent.  At  that  time  our  particular  sources  of  supply  were  Messrs. 
W.  Jessop  &  Sons,  Limited,  Sheffield,  and  Mr.  Aesthower,  of  Annen, 
Germany.  The  German  castings  were  very  sound,  and  came  up  to 
the  standard  laid  down,  but  went  very  little  beyond  it;  while  those 
of  Messrs.  Jessop  &  Sons  were  only  fairly  sound,  but  they  possessed 
a  tensile  strength  of  30  tons,  with  an  elongation  of  20  per  cent.,  and 
in  some  cases  they  were  even  better  than  this.  With  these  latter  we 
ventured  to  go  further  than  we  had  done  before,  and  we  made  of 
them  some  of  the  smaller  working-parts,  which  were  subject  to  higher 
strains,  and,  eventually  the  connecting-rods  for  two  engines  of  con- 
siderable size.  These  rods  have  now  been  running  for  seven  years 
without  showing  signs  of  fiiilure.  Messrs.  Jessop  have  made  crank- 
shafts of  large  size  of  this  material,  even  to  15  inches  diameter,  I 
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believe,  with  most  satisfactory  results.  The  machined  castings  were 
apparently  free  from  blow-holes,  draw-oraeks,  and  even  sj^oiiginess, 
while  they  had  all  the  appearance,  when  finished,  of  having  been 
forged.  Pieces  cut  from  these  castings  were  found  to  have  as  high 
a  tensile  strength  and  as  good  an  elongation  as  a  steel  forging,  so 
that,  from  prima  facie  considerations,  a  shaft  of  such  material  was 
equal  to  a  forged  one,  and  I  am  not  aware  that  experience  has  proved 
the  contrary.  To-day  we  are  constructing  in  the  works  of  my  firm 
(Earle's  Shipbuilding  and  Engineering  Company,  Limited,  Hull, 
England)  engines  of  12,000  horse-power,  in  which  the  foundations, 
the  columns,  the  pistons,  the  thrust-blocks  and  collars,  the  eccentric- 
straps,  the  cylinder  and  valve-box  covers,  and  many  other  minor 
details  are  made  of  cast  steel.  The  saving  of  weight  is  such  that, 
taking  one  of  these  engines — they  are  twin  screws — and  half  the 
boilers,  that  is  to  say,  taking  a  set  of  machinery  of  6000  horse-power, 
its  weight  is  560  tons,  against  900  tons  for  a  set  of  engines,  boilers, 
etc.,  of  6000  horse- power  in  1870,  and  1000  tons  for  the  weight  of 
compound  engines  in  lb75,  which  at  that  time  were  deemed  the 
lightest  of  the  kind,  and  were  run  at  very  nearly  the  same  number 
of  revolutions  as  the  modern  engine.  The  ship  for  which  our  engines 
are  intended  is  being  built  by  us,  and  has  a  cast-steel  stem,  a  cast- 
steel  stern-post,  a  cast-steel  rudder,  and  cast-steel  propeller  brackets, 
besides  other  cast-steel  fittings  for  gun  and  other  purposes  througli- 
out  the  vessel.  The  fact  is  that  our  demand  for  steel  castings  is  to- 
day large,  and,  moreover,  is  growing;  and  when  you,  gentlemen,  by 
means  of  aluminum,  nickel,  or  any  other  "doctor,"  will  give  us 
sound  castings  that  we  can  always  rely  upon,  and  avoid  wasting  our 
money  on  machining  only  to  discover  defects  by  which  the  castings 
are  condemned,  we  will  prove  even  better  customers  than  we  now 
are. 

In  1875,  Messrs.  Vickers,  Sons  &  Co.,  of  Sheffield,  were  making 
very  large  crank-shafts  and  other  shafts;  and  in  the  Atlantic  service 
it  was  becoming  customary,  when  a  shaft  broke,  to  substitute  one  of 
Vickers's  for  it.  They  were,  however,  a  very  expensive  luxury; 
and  as  the  wrought-iron  shaft  generally  gave  its  owners  timely 
warning  when  it  was  going  to  break,  and  the  steel  one  did  not,  the 
latter  was  treated  as  untrustworthy,  and  was  not  adopted  by  the 
majority  of  engineers  or  ship-owners.  To-day,  instead  of  there  being 
only  one  firm  that  can  make  these  shafts,  we  have  a  dozen,  and  at 
least  half  a  dozen  of  these  whose  reputation  stands  in  the  first  rank. 
The  Siemens  furnace  now  produces  steel  for  shaft  purposes  at  as  low 
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a  rate  as  ruled  for  the  Bessemer  in  1875.  The  substitution  of  hy- 
draulic presses  for  steam-hammers,  too,  has  not  only  imj)roved  the 
quality  of  these  forgings,  but  most  undoubtedly  has  been  the  means 
of  reducing  their  price,  and  we  now  have  steel  crank-shafts,  steel 
propeller-shafts,  steel  piston-  and  connecting-rods — in  fact,  every 
forging  of  steel  in  a  war-ship  and  in  the  highest  class  of  mail- 
steamers,  and  throughout  the  mercantile  marine  there  is  a  general 
tendency  to  substitute  this  superior  metal  for  the  inferior  one.  In 
H.  B.  M,  Xavy  the  shafting  is  made  hollow,  in  accordance  with  the 
plan  introduced  by  myself  in  1872,  whereby  a  considerable  reduction 
is  eifected  in  weight  with  an  exceedingly  small  reduction  in  strength. 
For  example,  a  shaft  lOJ  inches  external  diameter,  with  a  hole  5 
inches  diameter  through  it,  is  equal  in  strength  to  a  solid  10-inch 
shaft,  but  its  w'eight  is  only  a  little  over  three-fourths  that  of  the 
solid  one.  I  need  hardly  say,  however,  that  the  difference  in  cost  is 
considerable ;  in  fact,  there  is  the  added  cost  of  boring  out  the  hole. 
Siemens  steel  is  now  but  very  little  dearer  than  ordinary  crown- 
quality  iron,  and  no  dearer  than  the  best  quality  of  iron  required  by 
marine  engineers,  so  that  all  the  bolts,  studs,  nuts,  and  pins  used  by 
my  firm  are  of  steel. 

The  general  effect  of  the  substitution  of  steel  for  iron  in  the  con- 
struction of  a  marine  engine  is  to  save  weight,  and  at  the  same  time 
to  obtain  a  stronger  machine.  As  the  modulus  of  elasticity  of  steel, 
however,  is  about  the  same  as  that  of  iron,  there  are  many  parts  of 
the  engine  in  which  no  great  decrease  in  scantlings  is  permissible, 
but  yet  on  the  whole  a  decrease  can  be  effected,  and  so  the  modern 
^  engine,  composed  almost  entirely  of  steel,  is  lighter  than  one  of  iron. 
The  collapse  in  the  City  of  Paria  (s.s.)  has  no  doubt  shaken  the 
minds  of  some  as  to  tiie  use  of  steel  castings  ;  but  I  think  it  has 
been  proved  most  conclusively  at  the  trial  that  the  accident  was  not 
in  any  way  due  to  the  steel  castings,  and  that  these  did  give  way  is 
not  perhaps  to  be  wondered  at  under  the  circumstances.  At  the 
same  time  I  am  of  opinion  that  it  is  unwise,  with  our  present 
knowledge  of  the  art,  to  cast  columns  liollow,  i.e.,  cored  throughout 
their  length.  It  may,  of  course,  be  possible  to  do  this  successfully, 
but  the  risk  is  great,  and  the  liability  to  obscure  cracks  and  unseen 
faults  must  be  great  also.  At  all  events,  my  experience  with  the 
material  has  taught  me  to  avoid  such  a  form  as  far  as  possible,  and 
certainly  never  to  make  an  important  part,  like  the  column  of  an 
engine,  of  a  hollow  casting,  more  especially  one  with  a  thin  sec- 
tion. 
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I  do  not  suppose  it  is  of  equal  interest  to  my  audience,  but  never- 
theless it  is  a  fact,  that  very  marked  improvements  have  been  made 
in  tlie  manufacture  of  bronze  castings  and  also  of  bronze  forgings. 
Fifteen  years  ago  a  gun-metal  casting,  with  an  ultimate  strength  of 
15  tons  per  square  inch,  and  an  elongation  of  5  per  cent.,  was  con- 
sidered very  satisfoctory  ;  but  to-day  we  have  the  various  bronzes, 
such  as  phosphor-bronze,  manganese-bronze,  Stone's  bronze,  alumi- 
num-bronze, etc.,  having  strengths  varying  from  20  to  30  tons  per 
square  inch,  and  in  some  instances  even  a  higher  ultimate  tensile 
strength  than  30  tons,  with  an  elongation  approaching  that  of  steel. 
Forgings  made  from  some  of  these  metals  have  proved  to  be  equal 
to  steel  in  strength,  and  the  cost  of  these  bronzes  is  very  little  be- 
yond that  of  gun-metal.  Advantage  has  been  taken  of  this  by  the 
marine  engineer  to  use  forgings  of  these  metals  in  lieu  of  brass  cast- 
ings, drawn  bars  in  lieu  of  either  brass  castings  or  iron  forgings 
cased  with  brass,  and,  finally,  to  make  propeller-blades  of  bronze 
instead  of  cast-iron,  steel,  or  even  gun-metal.  I  will  not  detail  here 
the  gains  in  speed  attributed  to  the  substitution  of  the  bronzes  for 
steel  or  iron,  but  content  myself  with  accepting  as  a  fact,  and  stating 
the  same  to  you,  that  bronze  propeller-blades  being  made  of  thinner 
section,  having  keener  edges  and  a  smoother  skin,  give  a  better  re- 
sult than  the  heavy  cast-iron  blades  did,  or  than  the  steel  can  pos- 
sibly give  when  pitted  and  roughened  by  sea-water.  The  action  of 
sea-water  on  these  bronzes  is  sometimes  capricious,  but  usually  only 
slight.  The  English  Admiralty,  acting  upon  their  own  experience, 
have  discarded  the  use  of  all  the  bronzes  except  phosphor-bronze 
and  ordinary  bronze  or  gun-metal  (consisting  of  87  per  cent,  of 
copj)er,  8  per  cent,  of  tin,  and  5  per  cent,  of  spelter).  So  far  this 
distrust  of  other  bronzes  is  not  shared  by  the  mercantile  marine.  I 
have,  however,  seen  some  remarkable  failures  with  certain  of  the 
bronzes.  For  example,  a  new  propeller  fresh  from  the  makers  was 
found,  after  lying  on  a  wharf  for  a  few  weeks  subjected  to  severe 
frost,  to  be  cracked  so  seriously  as  to  be  utterly  useless.  It  is  also 
not  unknown  to  vessels  of  the  mercantile  marine  to  lose  one  or  more 
propeller-blades  without  notice;  and  as  indicative  of  the  direction 
in  which  engineering  opinion  may  be  tending,  the  latest  novelty  in 
propeller-blades  is  a  bronze  casting  with  a  cast-steel  core,  or  perhaps 
you,  gentlemen,  would  prefer  to  say  a  steel  casting  with  a  bronze 
skin. 

The  progress  in  propeller  design  and  construction  has  been  very 
slight,  although  each  month  seems  to  produce  a  new  inventor  with 
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a  new  propeller — at  least  new  to  the  inventor — that  is  going  to 
revolutionize  the  shipping  world;  but  in  spite  of  newspaper  para- 
graphs which  are  full  of  hope  and  promise,  if,  alas !  wanting  in  scien- 
tific and  technical  knowledge  of  the  first  principles  of  propulsion,  the 
screw-propeller  remains  without  a  rival.  Its  shape  has  not  been 
altered  much,  although  the  very  bad  forms  have  gradually  died 
out;  and  although  much  has  been  claimed  for  forms  having  a  pitch 
that  varies  in  all  kinds  of  ways,  the  fact  remains  that  in  the  navy, 
as  in  the  mercantile  marine,  those  who  have  given  most  thought 
and  observation  to  the  subject  prefer  a  propeller  of  uniform  pitch 
throughout — in  other  words,  it  is  desired  that  its  acting  surface  shall 
be  ]>art  of  a  true  helix. 

Propulsion  by  twin-screws  has  many  practical  advantages,  but  it 
is  now  adopted  mainly  from  considerations  of  safety,  inasmuch  as  a 
ship  with  two  screws  is  not  apt  to  have  both  injured  at  the  same 
time,  and,  therefore,  less  liable  to  a  break-down  of  her  whole  pro- 
pelling apparatus  than  a  ship  with  the  single  screw.  In  case  of 
accident  to  the  steering  gear,  moreover,  she  can  be  steered  by  vary- 
ing the  revolutions  of  the  engines.  But  there  is  also  a  consideration 
of  efficiency  :  a  smaller  propeller  will  suffice  for  each  of  the  twin- 
screw  engines  than  would  answer  for  a  single  engine  of  their  com- 
bined power;  hence  in  the  case  of  a  deep-drauglit  ship  the  more 
deeply  immersed  twin  screws  work  with  a  higher  efficiency,  and  in 
the  case  of  a  shallow-draught  vessel  the  same  holds  good,  inasmuch 
as  the  twin  screws  are  thoroughly  immersed  when  the  single  screw 
of  their  combined  power  would  be  partly  out  of  the  water. 

Improvements  in  Feed-  Water  Supply. 

The  adoption  of  steel  boilers  naturally  suggested  the  advisability 
of  using  fresh  water,  not  so  much  on  grounds  of  cleanliness  as  of 
avoiding  corrosion.  This  bugbear,  however,  like  many  others,  has 
been  shown  to  have  no  grounds  for  existence.  Experience  has 
demonstrated  that  the  steel  boiler  does  not  corrode  any  more  ra|>idly 
than  the  iron  one;  and,  as  a  matter  of  fact,  the  life  of  boilers  made 
of  steel  is  likely  to  be  very  considerably  longer  than  that  of  iron 
ones.  The  first  steel  boilers  made  by  my  firm  twelve  years  ago  are 
working  at  their  original  ])ressure,  under  the  inspection  of  the  British 
lioard  of  Trade  and  Lloyds,  and  they  are  likely  to  continue  to  do  so 
for  many  years  to  come.  I  am,  of  course,  aware,  and  would  remind 
you,  that  this  increased   length  of  life  is  due  in   no  small  degree  to 
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the  better  treatment  accorded  to  thera.  The  use  of  zinc  in  the  form 
of  cast  slabs  or  rolled  sheets,  especially  in  the  earlier  mouths  of  their 
life,  has  been  the  means  of  preserving  boilers  in  a  way  not  pre- 
viously known  ;  and  the  general  practice  of  admitting  the  feed- water 
at  a  comparatively  high  temperature  has  also  tended  to  increase 
their  durability.  But  I  repeat  that  under  the  same  conditions  the 
steel  boiler  shows  no  tendency  to  corrode  any  faster  than  the  iron 
one,  and  the  steel  boiler  has,  besides,  the  advantage  over  the  iron 
one  of  not  developing  blisters  in  the  internal  parts  exposed  to  flame, 
so  that  the  patching  of  furnaces  has  become  a  comparatively  rare 
thing. 

The  demand  for  fresh  water  for  feed-purposes  has  been  em- 
phasized since  the  use  of  steam  of  150  pounds  pressure  and  up- 
wards, especially  for  vessels  making  long  voyages.  It  is  obvious 
that  the  power  to  generate  steam  in  any  boiler  must  decrease  very 
quickly  as  the  scale  on  the  heating-surface  increases,  and  also  that 
the  temperature  necessary  to  produce  steam  of  a  certain  pressure 
rises  as  the  density  of  the  water  increases ;  hence,  when  the  waste 
is  made  up  with  sea-water  in  boilers  whose  working- pressure  is 
150  pounds  and  upwards,  the  speed  of  the  ship  decreases  towards 
the  end  of  the  voyage,  and,  what  is  worse,  the  boilers  often  give 
out,  and  require  extensive  and  costly  repairs.  The  consumption 
of  coal  is  also  very  much  higher  than  it  would  be  if  the  boilers 
were  kept  clean  throughout.  Attempts  to  remedy  this  evil  were 
first  made  by  carrying  a  supply  of  fresh  water  in  the  double 
bottoms  of  the  ships,  or  in  tanks  specially  provided  for  the  pur- 
pose. This  expedient  helped  matters,  but  was  not  a  perfect  suc- 
cess, as  the  water-supply  often  contained  large  quantities  of  sul- 
phate and  carbonate  of  lime,  which  formed  a  hard  scale,  and 
which,  together  with  the  sea-water,  made  a  worse  scale  than  the 
sea-water  itself — that  is,  worse  to  deal  with  afterwards.  This  water 
also  cost  money,  and,  what  was  more  objectionable,  the  carrying  of 
it  often  reduced  the  quantity  of  cargo.  Other  attempts  were  made 
to  supply  fresh  feed  to  the  boilers  by  means  of  the  donkey-boiler, 
the  steam  from  it  being  condensed  and  pumped  into  the  main  boilers. 
Then,  however,  the  donkey-boiler  became  the  sufferer,  and,  as  a  rule, 
it  is  not  of  a  type  that  can  be  easily  cleaned,  so  that  it  was  only  a 
matter  of  time  for  this  source  of  supply  to  fail,  and  to  become  un- 
available for  several  days.  Finally,  Mr.  James  Weir,  of  Glasgow, 
whose  inventions,  especially  for  improving  the  efficiency  of  the  boiler, 
are   of  wide   repute,  introduced    his   now  well-known   evaporator. 
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which  consists  really  of  a  small  horizontal  boiler,  ingeniously  con- 
trived so  as  to  be  easily  taken  to  pieces  and  cleaned,  and  the  water 
in  it  evaporated  by  the  steam  from  the  main  boilers  passing  through 
a  set  of  tubes  placed  in  its  bottom.  The  steam  generated  in  this 
boiler  is  adnaitted  to  the  low-pressure  valve-box,  so  that  there  is  no 
loss  of  energy,  and  the  water  condensed  in  it  is,  of  course,  returned 
to  the  main  boilers.  The  extra  supply  is  still  obtained  at  the  ex- 
pense of  coal,  but  without  any  risk  of  injury  and  at  a  more  eco- 
nomical rate  than  was  the  case  when  a  donkey-boiler  was  employed. 
Other  engineers  have  designed  and  patented  apparatuses  to  do  the 
same  work,  and  it  is  now  getting  to  be  a  universal  practice  for  all 
ocean-going  steamers  to  have  feed-evaporators. 

Mr.  Weir's  feed-heater,  whereby  the  feed-water,  before  entering 
the  boiler,  is  heated  up  very  nearly  to  boiling-point  by  means  of  the 
waste-water  and  steam  from  the  low-pressure  valve-box  of  a  com- 
pound engine,  is  another  most  useful  appliance,  and  was  introduced 
in  1878  ;  it  is  also  coming  more  and  more  into  use  every  day,  and,  in 
conjunction  with  Mr.  Weir's  special  feed-pumps,  is  a  very  desirable 
thing  to  have  on  every  steamship,  as  the  feed-water  is  delivered  to 
the  boiler  not  only  warm,  but  with  such  regularity  and  such  very 
slight  risk  of  cessation,  as  to  render  the  engineer  on  watch  quite  easy 
on  the  score  of  feed-supply.  It  is  claimed  for  many  feed-heaters 
that  they  are  the  means  of  effecting  an  economy  ranging  as  high  as 
15  per  cent.  I  mean  marine  feed-heaters,  where  the  heating  is  done 
by  steam,  and  not  by  waste-gases  in  the  uptake.  It  is  not  obvious 
how  there  can  be  any  saving  at  all,  and  in  my  opinion  the  tens  and 
fifteens  per  cent,  are  apocryphal.  That  steam  is  better  maintained  in 
the  boilers  with  such  appliances  is  undoubted,  and  that  in  cases  where 
difficulty  has  been  experienced  in  keeping  up  the  full  pressure, 
the  fitting  of  a  feed-heater  has  been  the  means  of  doing  it ;  so  that 
there  must  be  some  saving,  although  in  the  nature  of  "  robbing 
Peter  to  pay  Paul."  The  fjict  is,  the  warm  feed  assists  rather  than 
retards  the  circulation,  and  the  saving  is  more  in  that  direction  than 
in  any  other. 

Conclusion. 

Improvements  have  also  been  made  in  the  engine-room  and  boiler- 
room  of  nearly  every  steamer  in  the  direction  of  making  the  work 
lighter  both  at  sea  and  in  port,  and  the  occupation  of  the  engineer 
less  severe.  Ventilation  has  been  better  understood  and  practiced. 
The  covering  of  the  hot  parts  by  non-conducting  material  has  been 
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extended,  and  the  substitution  of  superior  non-conductors,  such  as 
fossil-meal  and  asbestos  compositions,  has  unquestionably  effected  a 
saving.  Steam  starting-gears,  too,  have  during  tiie  last  fifteen  years 
been  introduced  into  all  classes  of  ships,  and  even  the  smallest  of 
them  may  now  be  found  provided  with  this  appliance  for  the  more 
rapid  handling  of  the  engines.  Steam  turning-gears  and  steam  ash- 
hoists  have  also  been  introduced,  and  all  such  fittings  must  naturally 
tend  to  the  more  economical  working  of  the  vessel. 

In  conclusion,  I  would  summarize  by  saying  that  in  fifteen  years 
the  speed  of  passenger  steamships  has  lx?en  increased  from  30  to  40 
percent.;  the  consumj)tion  of  coal  per  horse- power  has  been  de- ■ 
creased  from  20  to  30  jier  cent.,  or  say  an  average  of  25  per  cent. ; 
the  cost  of  a  horse-power  has  been  decreased  by  almost  the  same 
amount,  and  in  some  cases  is  but  a  half  of  what  it  was  in  1875,  and 
the  safety,  comfort  and  convenience  of  the  travelling  pul)lic  has  been 
enhanced  instead  of  sacrificed.  These  successes  are  largely  due  to 
the  makers  of  iron  and  steel,  and  the  remainder  is  due  to  the  skill 
and  ability  of  marine  engineers,  but  it  must  not  be  forgotten  that 
the  whole  has  been  backed  by  the  enterprise  and  sagacity  of  the  ship- 
owners. 
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BY  PROP.    ELIHU  THOMSON,    BOSTON,  MASS. 

(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Steel  Institute, 
Oetober,  1890.) 

The  subject  of  welding  by  electricity  has  lx!en  so  recently  and  so 
•ably  treated  by  Sir  Frederick  Brainwell  before  the  Institution  of 
Civil  Engineers*  as  to  render  evidently  superfluous  there-statement 
on  this  occasion  of  many  facts  and  considerations  which  might  be 
appropriately  advanced,  had  they  not  been  so  well  discussed  in  his 
paper  already. 

The  electrical  arts  grow  rapidly  in  these  days — a  fact  which  is 
strikingly  illn.strated  in  the  development  of  electric  railways.     In 

*  Proc.  Inat.  Civ.  Eng^  Session  188&-90,.  Part  iv.,  vol.  cii.,  p.  L 
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welding  and  metal-working  by  electricity  the  progress  is  very  rapid, 
and  many  facts  concerning  this  new  art  have  not  thus  far  been 
brought  out  in  any  publication.  Moreover,  it  should  be  noted  that 
many  new  improvements  are  not  ready  for  publication,  on  account 
of  the  necessity  for  reserve,  until  the  inventors  shall  have  secured 
the  protection  to  be  afforded  by  patents. 

The  purpose  of  the  present  paper  is  to  call  attention  to  some  of 
the  more  prominent  steps  in  the  progress  being  made  in  the  develop- 
ment of  electric  welding  and  metal- working,  it  being  understood 
that  even  while  this  present  paper  is  in  preparation,  advances  are 
•taking  place  in  the  working  out  of  details.  It  is  not,  therefore,  in- 
tended to  have  this  paper  take  the  character  of  a  complete  statement, 
but  rather  that  it  shall  be  a  brief  review  of  some  phases  of  the  de- 
velopment of  the  art.* 

In  this  art,  the  foundation  experiments  were  made  about  four 
years  ago.  The  author  had  the  pleasure  of  describing  some  of  their 
results,  particularly  relative  to  electric  welding,  in  a  paper  written 
in  the  latter  part  of  the  year  1886.  The  appearance  of  that  paper 
aroused  a  considerable  interest  in  the  subject,  which  has  continued 
from  that  time,  and  it  is  curious  to  note  how  it  has  caused  the  revival 
of  early  attempts  to  use  the  electric  arc  in  metal  welding  or  working, 
sometimes  in  conjunction  with  a  magnet  for  displacing  the  arc  and 
converting  it  into  a  blow-pipe  of  great  intensity,  the  latter  being  a 
procedure  due,  it  is  believed,  to  Werdermann,  in  the  early  days  of 
the  production  of  electric  arcs  from  dynamo  machines. 

It  is  not  my  present  purpose  to  deal  with  any  of  these  arc  methods 
of  electric  metal-work.  Their  practicability  is  doubtful.  So  far  as 
is  known  to  the  author,  there  are  no  existing  instances  of  the  use  in 
practice  of  the  electric  arc  for  welding,  though  numerous  attempts 
have  been  made,  which  have  failed  from  one  cause  or  another. 

The  operations  with  which  this  paper  deals  are  those  in  which  the 
heating  effect  of  electric  currents  traversing  a  solid  metal  conductor 
gradually  brings  the  metal  to  the  working  temperature.  This  tem-  ' 
perature  is,  in  the  case  of  easily  fusible  metals,  much  below  a  red 
heat,  and  is  hence  unattended  with  luminous  effects,  which,  however, 
appear  in  the  case  of  metals  softened  or  fused  with  greater  difficulty. 

In  order  to  distinguish  this  process,  applied  to  the  welding  of 
metals,  from  the  application  of  the  heating  effect  of  an  electric  arc 


*  In  illustration  of  the  subject  tiie  author  exiiibited  a  larcte  number  of  lantern- 
views  of  machines  for  electric  welding. 
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for  like  purposes,  it  has  been  callctl  tlie  incandescent  method  of 
electric  welding — a  designation  which  is,  in  my  judgment,  mislead- 
ing, for  the  reason  that  lead,  tin,  zinc,  and  other  metals,  fusing  far 
below  the  temperature  of  incandescence,  are  thus  welded. 

Electric  welding  occurs  between  pieces  of  all  metals  thus  far  tried, 
though  the  perfection  of  the  joint  obtained  varies  with  the  metals 
and  with  the  conditions  under  which  the  work  is  performed.  Many 
different  metals  unite  each  to  the  other,  and  in  many  cases  the  union 
is  such  as  to  possess  a  strength  or  tenacity  equal  to  that  of  both,  or 
of  the  weaker  of  the  metals  joined.  In  other  cases  it  is  not  so  strong, 
owing  to  wide  differences  in  the  physical  nature  of  the  metals  or 
alloys,  or  in  their  tendencies  to  surface  union.  Perhaps  the  incipient 
alloying  at  the  joint  may  affect  the  strength,  according  to  the  nature 
of  the  alloys  possible  to  be  thus  formed. 

The  pieces  to  be  united  in  electric  welding  may  be  in  the  form  of. 
bars  of  various  cross-sections,  or  in  the  form  of  tubes  or  pipes  to  be 
abutted  and  united,  or  in  the  form  of  plates.  It  is  evident  that  a 
pipe  is  virtually  a  plate  rolled  up  with  its  edges  joined.  The  form 
of  the  pieces  is  of  little  moment,  provided  that  they  permit  secure 
clamping  for  the  passage  of  the  current  and  manipulation.  The 
surfaces  to  be  united  are  first  brought  firmly  into  contact,  the  pieces 
being  held  in  heavy  conducting  clamps  for  the  purpose  of  carrying 
a  current  into  them.  The  current  having  been  put  on,  heating  of 
the  metal  between  the  clamps  takes  place  to  a  degree  which  may 
be  regulated  at  will,  or  may  be  automatically  controlled.  The 
pressing  of  the  surfaces  together  unites  them,  if  the  joint  be  a 
butt-joint,  while  a  lateral  or  transverse  pressure,  such  as  that  of 
hammering  or  pressing  in  dies,  is  used  to  make  a  lap-joint.  The 
hammering  or  pressing  is  also  useful  with  joints  in  iron  or  steel 
when  butt-welding  is  done,  particularly  where  great  strength  is  re- 
quired, and  the  original  section  at  the  joint  is  to  be  preserved.  Such 
hammering  or  pressure  may  be  applied  simultaneously  with  the 
])rogress  of  the  welding  operation,  or  immediately  thereafter,  while 
the  metal  is  still  hot. 

It  is  proj)er  here  to  correct  an  impression  which  has  gained  some 
currency — namely,  that  it  is  the  extra  resistance  caused  by  the  break 
or  limited  contact  between  the  meeting  portions  of  metal  which  gives 
rise  to  the  heating  in  electric  welding.  While  this  limitation  of  con- 
tact-surface undoubtedly  hastens  the  heating  at  the  joint  it  is  never- 
theless a  fact  that  a  solid  bar,  joining  the  clamps  of  an  electric  weld- 
ing machine,  will    be  heated   between  those  clamps  to  welding  tem- 
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perature,  and  may  be  upset  by  the  approach  of  the  clamps  one  to- 
ward the  other.  Indeed,  this  process  is  actually  employed  to  upset 
collars  on  shafts,  or  to  set  or  fasten  in  place,  by  a  sort  of  riveting 
action,  collars  which  have  been  placed  as  rings,  more  or  less  closely 
fitting,  upon  a  bar  or  shaft.  The  real  cause  of  the  concentration  of 
the  heating  effect  at  the  joint,  or  between  the  clamps,  is  the  relatively 
greater  conductivity  of  other  portions  of  the  welding  circuit,  which 
circuit  is  usually  composed  of  massive  copper  conductors,  kept  cool, 
in  the  case  of  large  work,  by  circulation  of  water.  By  thus  keeping 
the  clamps  cool,  as  well  as  the  conductor  in  which  the  welding 
currents  are  generated,  their  conductivity  is  preserved  from  running 
down  and  there  follows  a  greater  accentuation  of  heating  effect  at  the 
joint,  with  the  added  result  of  a  considerable  saving  in  the  electrical 
energy  required  to  do  the  work.  In  the  larger  work  it  has  also 
been  found  that  hydraulic  pressure  may  be  advantageously  em- 
ployed, both  for  clamping  and  making  contact  with  the  pieces  to  be 
welded  or  worked  and  for  pressing  the  pieces  together  in  forming 
the  joint.  The  pressure  can  be  regulated  in  this  case  by  a  pressure 
governor  to  a  constant  amount  for  a  piece  of  given  size.  A  scale 
of  pressures  corresponding  to  certain  sections  and  materials  can  be 
made  beforehand,  after  which  the  operation  may  proceed  without 
skill  or  knowledge  on  the  part  of  the  workman,  whose  duty  is  then 
confined  to  replacing  pieces  in  the  clamps  and  turning  on  the  current 
of  pre-deter mined  force. 

It  is  not  the  purpose  of  this  paper  to  deal  to  any  considerable 
extent  with  the  technical  details  of  the  construction  of  apparatus, 
because  there  is  not  time  for  such  a  discussion,  and  because  these 
arrangements  are  subject  to  wide  modification,  in  accordance  with 
the  nature,  size,  and  other  conditions  of  the  work.  In  the  practice 
of  electric  welding,  the  conditions  of  holding  in  the  clamps,  the 
pressure  of  the  pieces  together,  and  the  volume  of  current  required, 
can  be  determined  at  the  outset,  so  that  a  given  piece  of  work  can 
be  repeated  without  variation  of  result.  The  operation  is,  tiierefore,. 
capable  of  being  made  automatic.  The  present  tendency  in  the  con- 
struction of  electric  welding  machinery  is  towards  having  its  action 
in  most  respects  automatic,  so  as  to  leave  little  to  the  skill  or  dex- 
terity of  the  operator  in  charge. 

The  apparatus  first  used  by  the  author  consisted  of  an  alternating- 
current  dynamo,  feeding  a  comparatively  high-potential  current  to 
the  primary  coil  of  an  induction-coil  or  transformer,  the  secoiulary 
of  which  was  made  so  large  in  section,  and  so  short  in   length,  as  to 


ON    "WELDING    BY    ELECTRICITY.  881 

supply  to  the  work  currents  not  exceeding  two  or  three  volts  and  of 
very  large  volume  or  rate  of  flow.  The  welding-clamps  were  at- 
tached to  the  secondary  terminals.  This  first  type  of  apparatus  has 
survived  to  the  present  day,  and  most  of  the  apparatus  is  constructed 
on  that  principle,  the  secondary  coil  usually  consisting  of  a  single 
turn  only.  Other  forms  of  apparatus,  such  as  dynamos  constructed 
to  yield  alternating  currents  direct  from  the  armature  to  the  welding 
clamps,  are  used  to  a  limited  extent.  While  currents  of  one  direc- 
tion are  quite  suitable  for  electric  welding,  no  special  aj)paratus  has 
been  constructed  for  using  them.  Currents  from  storage- batteries 
are  quite  suitable  for  the  purpose,  but  the  batteries  should  be  con- 
structed to  stand  very  great  rapidity  of  discharge,  otherwise  they  be- 
come very  cumbersome  and  difficult  of  application. 

The  practical  results  are  not  very  difiierent,  whether  continuous 
currents  or  alternating  currents  are  used,  though  it  is  to  be  noticed 
that  in  the  discussion  of  Sir  Frederick  Bramwell's  paper  the  actions 
of  the  two  classes  of  currents  were  spoken  of  theoretically,  to  some 
extent,  as  different.  It  has  been  shown  that  in  conductors  of  large 
section  the  tendency  of  alternating  currents  is  to  keep  to  the  surface 
of  the  conductor  or  to  flow  in  the  part  of  it  farthest  away  from  its 
center.  This  is  undoubtedly  true  as  a  tendency,  but  how  far  this 
tendency  will  be  allowed  to  develop  itself  will  depend  on  the  drop 
of  potential  in  a  given  length  of  conductor,  a  circumstance  which 
appears  to  have  been  overlooked  in  many  of  the  discussions  of  this 
interesting  question.  In  other  words,  if  the  fall  of  j)otential,  as  in 
welding,  is,  say,  two  volts  in  two  inches  of  length  of  the  bar  welded 
or  worked,  the  density  of  current  will  be  great,  even  in  the  center  of 
the  section  of  the  bar,  but  of  course  much  greater  near  the  exterior. 
But  the  heating-effect  also  requires  to  be  greater  near  the  exterior 
an  account  of  radiation  taking  j)lace  at  the  outside  surface.  The 
practical  result  may  easily  be  that  there  is  really  a  uniform  heating- 
effect  throughout  the  section  of  the  bar;  and  without  doubt  the  con- 
ditions could  be  selected  to  secure  such  a  result. 

In  welding  the  ends  of  two  bars,  however,  they  are  frequently 
rounded,  and  at  the  start  meet  only  in  the  center.  In  such  cases, 
whether  the  current  be  alternating  or  continuous,  the  heating-effect 
begins  at  the  center.  A  curious  fact  may  here  be  mentioned.  It  is 
found  that  the  distribution  of  the  alternating  current  may  easily  be 
controlled  by  increase  or  decrease  of  self-induction  at  various  parts 
of  the  section  of  the  bar  by  the  proximity  of  magnetizable  iron 
masses.     This  principle  has  been  applied    in  a  variety  of  ways  to 
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govern  the  distribution  of  the  heating-effect,  and  also  to  effect  the 
restriction  of  current  to  the  weUl  in  thick  rings.  This  will  be  ad- 
verted to  later. 

A  glance  at  some  of  the  typical  actions  and  conditions  found  to 
exist  in  the  welding  of  different  metals  may  not  be  out  of  place. 
With  metals  such  as  lead,  tin  and  zinc,  the  degree  of  heat  required 
does  not,  of  course,  produce  light,  and  the  progress  of  the  heating 
cannot  be  watched  by  the  eye,  as  in  the  case  of  iron  or  steel.  There- 
fore, the  plasticity,  softening  or  fusion  is  really  the  index  of  the  heat 
which  the  abutted  ends  have  acquired.  If  the  precaution  be  taken 
to  shape  properly  the  meeting  ends  of  the  sections  before  applying 
current  and  pressure,  the  joining  of  lead-pipe  sections,  end  to  end, 
can  easily  be  accomplished  electrically,  and  the  joints  are  very  good 
and  sound.  The  welding  occurs  best  by  an  actual  fusion  of  metal, 
a  sort  of  autogenous  soldering,  or  soldering  of  lead  with  lead.  The 
meeting  edges  are  best  made  beveled  or  tapered  so  as  to  expose  a 
smaller  section  than  that  of  the  pipe  or  bur  to  the  melting  action  of 
the  current.  On  account  of  the  poor  conductivity,  for  heat  and  elec- 
tricity, of  lead  and  its  alloys,  comparatively  large  sections  may  be 
worked  by  moderate  current  strength  as  compared  with  copper. 

The  metal  tin  welds  electrically  with  ease,  a3  does  also  zinc,  and 
even  such  brittle  metals  as  antimony  and  bismuth  present  no  diffi- 
culties. The  welding  of  aluminum  requires  special  precautions,  but 
can  be  readily  accomplished,  and  the  joints,  when  properly  made, 
are  exceptionally  strong  and  tough.  In  this  case  recourse  is  gener- 
ally had  to  the  automatic  welder,  in  which  machine  the  conditions 
prior  to  putting  on  the  current  can  be  very  accurately  set.  In  fact, 
while  by  hand-work  a  considerable  proportion  of  failures  will  occur 
in  aluminum-welding,  by  the  automatic  machine  good  joints  may  be 
made  in  regular  succession.  Even  magnesium,  oxidizable  as  it  is, 
is  readily  welded  because  it  melts  before  reaching  the  temperature  at 
which  it  takes  fire.  In  the  welding  of  brass  to  brass,  the  conditions 
for  the  most  successful  work  vary  somewhat  vilth  the  nature  and 
composition  of  the  alloy,  and  here  it  may  be  remarked  that  a  much 
greater  current-strength  is  required  than  in  the  case  of  iron  of  equal 
section,  although  the  specific  electric  resistance  of  cold  iron  is  nearly 
the  same  as  that  of  brass,  and  the  latter  metal  is  much  more  fusible. 
This  requisite  of  larger  current  for  brass  is  due  to  the  fact  that  with 
brass  and  similar  alloys,  such  as  German  silver,  only  a  compara- 
tively small  increase  of  resistance  takes  place  with  the  increase  in 
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temperature,  while  with  iron  the  resistance  at  the  welding-heat  is  a 
number  oC  times  as  great  as  that  of-the  cold  metal.* 

The  temperature-resistance  coefficient  is,  in  general,  much  higher 
in  the  case  of  simple  metals  than  of  metallic  alloys.  The  conduc- 
tivity for  heat  has  also  a  decided  influence  on  the  heating,  and  the 
comparatively  low  heat-conduction  of  iron  assists  the  work  mate- 
rially. Brass  of  ordinary  composition  scarcely  seems  to  become 
plastic  at  all  before  nielting.  Hence  the  joints  made  with  it  gen- 
erally show,  in  part,  a  real  fusion  and  not  merely  a  softening.  In 
cases  where  the  pressure  used  is  too  great,  the  joint  is  obtained  bv 
the  crushing  uj)  of  the  hot  metal  in  a  semi-granular  state  before 
fusion,  but  this  joint  is  not  generally  so  perfect  as  the  other.  Some 
of  the  bronzes,  and  notably  the  alloy  called  aluminum-bronze,  show 
some  plasticity  before  fusion. 

The  behavior  of  copper  in  welding  by  the  electric  current  may  be 
noted.  It  is  an  example  of  a  metal  of  very  high  conductivity  for 
heat  and  for  current.  Naturally,  to  weld  it  electrically,  the  current- 
strength  required  will  be  much  greater  for  a  given  section  than  for 
metals  of  smaller  conductivity.  The  heat  produced  escapes  rapidly 
by  conduction,  and  the  low  resistance  of  the  metal  requires  a  great 
current  to  be  |)assed  to  cause  it  to  heat.  This  is  compensated  for,  in 
large  part,  by  the  fact  that  the  coj)per  requires  a  very  low  poten- 
tial, or  E.  M.  F. — less  than  a  volt  across  the  joint.  The  rate  of 
energy-consumption  being  the  product  of  the  current  used  by  its 
electro-motive  force,  and  the  total  energy  consumed  being  the  product 
of  this  by  the  time,  it  will  be  seen  that  if  a  copi)er  weld  be  made,  in 
a  short  time  the  losses  by  conduction  and  radiation  from  the  joint 
can  be  kept  down  to  a  moderate  jiercentage  of  the  total  energy. 
Copper,  as  is  well  known,  becomes  decidedly  softened  before  melt- 
ing, and  is,  therefore,  often  forged  hot.  Hence,  joints  may  be  made 
apparently  without  real  fusion;  or,  in  other  cases,  when  a  lighter 
pressure  for  forcing  the  pieces  together  is  used,  a  real  fusion  of  por- 
tions of  the  meeting  ends  may  occur.  While  in  the  electrical  weld- 
ing process  joints  are  obtainable  with  most  metals  without  the  use  of 
any  flux,  it  is  not  the  less  true  that  a  flux  is  sometimes  desirable  for 
good  work,  particularly  with  those  metals  the  oxides  of  which  do  not 
melt  at  the  temperature  of  welding  or  union  of  the  pieces.  Thus  a 
flux  should  be  used  with  brass,  which  has  a  temperature  of  welding 

*  Reference  is  made  to  the  curve  in  Sir  F.  Brannvell's  paper  in  connection  witli 
whicli  the  effect  of  increa.se  of  resistance  by  temperature  in  assisting  the  work  is 
very  thoronghly  and  ably  discussed. 
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and  union  below  tliat  of  the  fusing-points  of  oxide  of  zinc  or  of 
coppei',  while  a  flux  is  not  an  essential  in  the  welding -of  copper,  the 
melting-point  of  wiiich  is  above  that  of  its  oxide.  In  like  manner, 
a  temperature  which  will  melt  the  oxide  of  iron  on  the  surface  of  a 
bar  is  below  that  of  the  welding  of  soft  iron,  while  such  a  tempera- 
ture would  ruin  tool  steel.  The  latter  requires,  therefore,  a  flux  to 
be  used  with  it,  melting  at  a  safe  temjierature  and  dissolving  the 
scale.  The  covering  action  of  a  flux  is  also  useful  in  most  cases  to 
prevent  oxidation.  A  peculiarity  of  tlie  electric-welding  process, 
and  one  which  renders  it  capable  of  forming  joints,  even  where 
metals  may  be  coated  with  oxides  infusible  at  the  temperature  of 
fusion  of  the  metals  themselves,  is  the  expulsive  jK)wer  exerted  to 
remove  metal  sidewise  from  the  joint,  and  thus  bring  unoxidized, 
clean  surfaces  into  contact  at  fusing-temperatures.  It  is  this  fact 
which  more  than  any  other  accounts  for  the  universal  applicability 
of  the  process  to  metals  and  alloys.  For  example,  the  chief  obstacle 
to  the  soldering  or  welding  of  aluminum  may  be  the  skin  of  alumina 
formed  on  its  surface  when  hot,  which  not  only  protects  the  metal 
from  further  oxidation,  but  prevents  its  union  with  other  pieces  of 
metal.  The  alumina  is  fusible  only  at  the  highest  temperatures, 
whereas  the  metal  fuses  at  about  a  red  heat.  Let  two  pieces,  how- 
ever, be  vigorously  ])ushed  together  while  softening  at  the  joint; 
then  the  oxidized  surfaces  will  be  thrust  aside  outwardly  from  the 
joint,  and  the  new  metal  of  the  interior  of  the  pieces  will  come 
together  in  the  cleanest  possible  state,  and  unite.  The  removal  of 
the  burr  or  excluded  metal  of  the  joint  can  be  afterward  effected 
with  proper  tools. 

The  uniting  of  iron  and  various  grades  of  steel  is,  of  course,  the 
most  important  industrial  use  of  any  welding  process,  and  this  is 
particularly  true  of  an  electrical  one.  The  behavior  of  soft  iron  is 
j)artit'ularly  favorable  to  the  welding  operation.  Its  great  plasticity 
l)efore  fusion  renders  its  working  and  welding  e?.sy  and  simple.  In 
the  case  of  steel,  for  the  higher  grades  of  which,  especially,  the  ordi- 
nary blacksmithing  operation  is  liable  to  be  very  uncertain,  the  elec- 
tric process  is  rendered  easy  and  certain  for  all  grades.  When  it  is 
remembered  that  the  exact  conditions  of  current,  conduction,  and 
pressure  at  the  joint  may  be  made  definite,  and  are  perfectly  under 
control,  it  is  seen  at  once  that,  if  tiie  pieces  are  weldable  at  all,  we 
can  even  establish  an  automatic  control  of  the  welding  after  these 
conditions  have  been  once  determined. 

Electric   weldiny;    machinery   is  now  constructed    in  which    these 
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features  are  incorporated,  and  wliicli  is,  at  tiie  same  time,  jn'ovided 
with  ajipliaiices  for  shajMn^^  or  hammering  the  joint,  so  as  to  pre- 
serve tlie  diameter  and  increase  the  toughness  of  the  metal  thereat. 
Where  the  lieat  of  the  welding  tends  to  change  the  structure  or  cause 
a  tendency  to  gianulate,  hammering  may  he  a{)plied  to  retain  the 
structure  or  to  renew  it  during  or  after  the  union  of  the  metal 
process. 

There  are  many  kinds  of  work  to  which  electric  welding  seems  to 
be  peculiarly  applicable.  It  is  now  in  use  largely  for  the  joining  of 
sections  of  wire  into  onv.  length,  and  its  use  for  such  a  j)urpose  is 
still  extending.  Joints  are  regularly  made  in  wires,  which  are  after- 
ward reduced  in  diameter  by  the  wire-drawing  process,  various 
metals,  such  as  copper,  iron,  brass,  etc.,  being  treated  in  this  way. 
In  other  cases  the  electric-welding  process  rej)laces  the  twisted  joint 
formerly  made  in  galvanized  telegraph  and  similar  wires — the  gal- 
vanizing operation  either  preceding  or  succeeding  the  making  of 
such  joints.  Even  the  ends  of  wire  cables  are  readily  jointed,  the 
resulting  weld  possessing  a  strength  not  much  inferior  to  the  cable 
itself,  and  probably  about  equal  to  that  of  any  heated  or  annealed 
portion.  The  making  of  such  joints  requires,  of  course,  special  pre- 
cautions, but  the  operation  is  quite  simple  otherwise.  In  thy  weld- 
ing and  coiling  of  pipe  the  electric  method  seems  to  be  especially 
expeditious  and  useful.  Coils  of  pipe  are  now  made  continuously, 
as  section  after  section  of  pipe  is  welded  on.  There  is  no  limitation 
to  the  length  of  pipe  which  may  be  so  welded  and  wound  as  one  coil. 

There  is  neither  time  nor  space  to  go  into  full  descriptions  of  the 
details  of  each  operation.  The  author  must  limit  this  paper  to  brief 
statements  of  what  has  been  done  in  the  development  of  this  field  of 
work.  The  process  seems  destined  to  work  a  revolution  in  pipe 
coiling  operations.  A  machine  will  soon  be  tested  which  is  intended 
for  welding  sections  of  six-inch  extra  heavy  j)i[)e  together  endwise. 
The  current  developed  in  this  machine  may  reach  70,000  amperes, 
though  its  normal  work  will  demand  somewhat  less  than  this.  Most 
of  the  details  of  this  and  the  other  welding  apparatus  thus  far  con- 
structed and  put  to  use  have  been  devised  and  arranged  by  Mr. 
Hermann  Lemp,  to  whom  the  greatest  credit  is  due  for  the  original 
character  and  effectiveness  of  the  machinery  itself  Lieutenant  W. 
B.  Wood  has  also  had  in  charge  a  number  of  special  pieces  of  work 
in  adapting  the  welding  process  to  several  important  aj)plications. 

Somewhat  akin  to  pipe-welding  is  the  making  of  armor-piercing 
shells  (as  devised  by  Mr.  Wood)  from  sections  of  varied  grades  of 
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steel  and  without  screw-joints.  The  sections  are  made  separately, 
such  as  a  head  or  point  of  high  grade  steel,  a  tubular  middle  section 
of  softer,  and  a  soft  back  piece  perforated  for  loading;  or  the  shell 
may  be  made  of  two  sections  only,  jointed  near  the  middle.  These 
sections  are  placed  in  a  welding  apparatus  of  special  and  most  in- 
teresting design,  where  they  are  welded  together  to  complete  the 
shell  body,  which  is  afterward  finished  outside.  Experiments  in 
firing  shells  made  in  this  way  have  given  satisfactory  results,  and 
further  developments  are  being  made  as  rapidly  as  possible.  This, 
with  much  other  work  of  like  nature,  is  in  the  care  of  Lieutenant 
Wood.  In  the  making  of  rings,  links,  bands,  etc.,  the  electric  weld- 
ing operation  is  particularly  useful,  and  a  number  of  machines 
specially  designed  for  such  work  have  been  put  into  practical  opera- 
tion. Even  rings  of  small  diameters  relatively  to  the  weight  of  sec- 
tion of  stock  used,  are  made  with  facility,  though  at  first  it  might  be 
thought  that  the  current  would  pass  around  the  joint  and  through 
the  solid  metal  of  the  ring,  instead  of  the  joint  or  cut  ends  pressed 
together.  This  is  true  in  part ;  but  the  actual  result  is  that  only  in 
very  stout  rings  is  there  much  heating  outside  of  the  joint,  and  then 
only  enough  to  make  the  ring  flexible,  so  that  the  ends  of  metal  at  the 
joint  maybe  readily  moved  together.  With  the  alternating  currents 
used  in  electric  welding,  not  only  does  the  current  take  the  path  of 
least  resistance  in  largest  amount,  but  it  also  seeks  the  short  path,  or 
the  path  of  least  counter-induction  or  self-induction,  and,  therefore, 
will  not  go  around  a  ring  as  freely,  other  things  being  equal,  as  along 
a  short,  straight  path  through  the  joint  at  one  side.  Furthermore,  if 
it  be  desired  to  check  any  flow  around  the  ring  still  more  efl>3ctively, 
we  have  only  to  introduce  into  the  center  of  the  ring  or  link  a  mag- 
netizable core  of  iron,  which  effects  a  great  increase  of  the  counter- 
induction  mentioned. 

An  important  matter  wiiich'raay  be  mentioned  in  this  connection 
is  the  facility  with  which  the  milder  grades  of  steel  may  be  manipu- 
lated in  the  welding  by  electricity.  The  advantage  of  the  superior 
strength  of  steel  over  puddled  iron  may  thus  be  secured,  which 
allows  the  use  of  a  cheaper  material,  and  less  of  it  for  a  given 
strength.  This  remark  applies  to  chain- making,  in  which  the  sub- 
stitution of  low  steels  for  iron  secures  the  double  advantage  men- 
tioned, with  the  other  advantages  of  the  electric  process  over  the 
ordinary  ways  of  working.  Considerable  attention  has,  therefore, 
been  given  to  the  development  of  machinery  for  chain  work,  and  a 
small  working  apparatus   lias  even    been   made,  which  takes  a  wire 
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from  a  reel  and  turns  out  lengths  of  chain  with  electrically  welded 
links;  the  operation  being  automatic  throughout.  A  curious  feature 
of  electric- welding  work  is  that  two  or  more  welds  may  be  simultane- 
ously made  in  parallel.  This  fact  is  utilized  in  chain-making, 
where  two  welds,  one  at  each  side  of  a  link,  are  made  simultaneously. 
There  are  not  yet  in  industrial  operation  any  chain-machines  using 
the  electric  process.  This  step,  however,  is  reserved  for  the  near 
future.     A  special,  heavy  chain-machine  will  soon  be  completed. 

Thus  far  the  fieldof  work  in  the  manufacture  of  tools  and  parts 
of  machines  by  welding  different  forms  and  different  qualities  of 
melal  together  has  been  but  slightly  explored,  and  principally  in  an 
experimental  way;  but  it  is  believed  tiiat  eventually  electric  weld- 
ing will  find  a  large  application  in  such  directions. 

The  size  of  work  which  can  be  done  by  the  electric  method  is 
limited  only  by  the  size  of  apparatus  and  the  power  to  generate 
current  for  it.  Unquestionably  there  are  natural  limits  to  its  ap- 
plicability and  economy,  which  remain  to  be  determined.  It  is  not 
to  be  supposed  that  this  process  can  or  will  supplant  entirely  the 
other  methods  of  welding,  any  more  than  electric  lighting  suj)plants 
gas-,  oil-,  or  candle-light  entirely.  That  it  already  has  enlarged,  and 
will  continue  to  enlarge,  the  field  of  mechanical  possibility  cannot  be 
doubted,  in  view  of  the  very  considerable  developments  which  have 
taken  place  in  the  past  two  or  three  years,  embracing  only  the  in- 
fancy of  the  art. 

In  the  comparisons  between  the  strengths  of  electrically  welded 
stock  and  the  results  of  ordinary  welding  by  the  blacksmith,  given  in 
Sir  F.  Brarawell's  paper,  referred  to  above,  the  electric  process  has 
shown  a  somewhat  higher  percentage  of  strength,  notwithstanding 
the  fact  that,  in  making  up  the  averages,  the  specimens  which  broke 
outside  the  weld  were,  in  the  tests,  counted  out,  and  only  those  which 
broke  in  the  weld  were  taken.  If  the  specimens  which  broke  else- 
where than  in  the  weld  are  counted  at  100  per  cent,  strength,  the 
actual  average  strength  obtained  is  between  95  and  100  per  cent.  In 
similar  comparisons  as  to  bending,  it  was  found  that  the  electric 
welds  would  not  stand  bending  as  well  as  the  others,  but  when  it 
was  remembered  that  the  electric  welds  were  butt-welds,  and  that  in 
making  them  a  comparatively  very  short  section  of  the  metal  at  each 
side  of  the  joint  was  heated  and  annealed,  while  the  ordinary  welds 
were  lap-welds  and  involved  the  heating  and  softening  of  a  con- 
siderable length  of  the  i)ar,  it  was  seen  that  the  bending  in  the 
former  case  through  a  given  angle  would  virtually  be  greater  than  in 
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the  other  case  where  more  of  the  length  took  part  in  the  flexure.  In 
such  comparisons,  as  afterward  pointed  out  by  Sir  F.  Brarawell 
himself,  each  specimen  should  be  softened  by  heat  to  ai)  equal  length 
and  afterwards  bent  under  like  conditions;  otherwise  no  conclusion 
can  be  drawn  from  bending  tests. 

It  will  be  readily  understood  that  the  heating  effect  of  very  heavy 
electric  currents  may  be  applied  to  other  cases  of  metal  working  than 
welding.  Thus,  it  may  be  used  to  heat  pieces  for  soldering  or 
brazing,  an  operation  which  only  differs  from  welding  in  the  use  of 
a  more  fusible  metal  between  the  surfaces  to  be  united.  In  many 
cases  the  advantages  of  control  of  temperature,  quickness  of  heating, 
and  convenience  of  holding  the  pieces  will  be  found  greatly  in  favor 
of  the  electric  method.  In  fact,  an  electric  brazing  machine  has 
been  regularly  in  use  for  some  time  past  for  bicycle  construction, 
while  in  other  instances  such  welding  takes  the  place  of  joints 
formerly  made  by  brazing  with  the  blow  pipe.  The  application  of 
the  electric  methods  to  many  tin-))late  soldering  operations  is  likely 
to  become  industrially,  as  it  has  been  already  experimentally  suc- 
cessful. 

Again,  ihe  use  of  electric  currents  of  large  volume  and  low  poten- 
tial for  locally  heating  metal  to  plasticity  for  shaping,  swaging,  roll- 
ing, spinning,  or  otherwise  giving  form  to  it,  seems  destined  to  be 
applied  on  a  large  scale  in  the  future.  The  author  has  found  it 
easy  to  apply  the  heating  currents  to  metal  pieces  and  to  give  them 
rotation  or  other  movement  in  shaping.  As  an  examj)le  may  be 
mentioned  the  heating  of  portions  or  zones  of  pipe  and  the  revolu- 
tions of  the  pipe  itself,  or  of  the  tools  around  it,  to  raise  locally 
beads  or  expansions,  or  form  constrictions  or  depressions,  to  close  or 
expand  the  end  of  the  pipe,  to  cut  it  off,  to  spin  it  into  various  forms, 
such  as  hollow  shells  or  vessels,  in  fact,  to  deal  with  it  without 
cutting  tools,  at  the  same  time  that  its  temperature  may  be  kept  up 
to  plasticity  by  the  electric  current.  The  end  of  a  pipe  may  be 
heated,  rolled  to  contract  or  expand  it,  and  a  thread  rolled  on  it, 
either  internally  or  exterually,  if  desired,  at  the  same  time.  These 
operations  may  be  performed  while  the  work  is  surrounded  by  hydro- 
carbon gas  or  vapor,  which  prevents  scaling  of  the  surfaces.  Trials 
of  work  of  this  kind  point  to  future  application  in  various  ways. 

Among  the  operations  which  can  be  readily  performed  electrically 
is  that  of  heating  a  rivet  in  place  by  a  current  passed  through  it 
and  heading  it  while  hot.  In  many  trials  it  has  been  proved  that 
short,  straight  sections  may  be  used  as  rivets,  and  both  heads  formed 
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simultaneously,  either  as  projecting  heads  or  as  countersunk  heads. 
The  heating  action  may  be  so  quick  as  actually  to  heat  the  rivet 
without  communicating  heat  to  the  plates;  or  it  may  be  slower,  and 
the  plate-s  themselves  may  partake,  in  part,  of  the  welding  action,  so 
that  the  rivet  welds  to  the  plates.  Naturally  the  current  for  this 
work  is  large,  but  the  potential  required  is  low.  The  degree  of  ap- 
plicability of  the  process  in  practice  will,  it  appears,  depend  on  the 
conditions  and  requirements  in  each  case.  The  operation  is  evi- 
dently only  a  modified  upsetting  process,  in  which  the  section  of 
metal  between  the  clamps  or  current-conveying  blocks  is  heated.  It 
is,  of  course,  not  essential  to  this  operation  that  the  whole  length  of 
the  rivet  be  heated,  or  that  both  heads  be  formed  at  the  same  time. 
In  fact,  the  projecting  end  of  a  rivet  may  receive  contact  from  the 
heading-block  as  one  terminal  of  the  circuit,  and  the  return  or  oppo- 
site terminal  may  be  the  plates  to  be  riveted,  and  this  would  be  the 
preferable  arrangement  where  the  rivet-body  was  long  and  the  plates 
to  be  riveted  together  were  thick.  The  author  has,  in  addition,  de- 
vised new  riveting  ^operations  specially  adaptable  to  the  electric 
process. 

Before  closing  this  brief  review  of  some  of  the  phases  of  electric 
metal-work,  reference  may  be  had  to  the  subject  of  economy  in  the 
work  done,  and  to  the  power  required.  In  the  first  place,  the  con- 
ditions vary  so  greatly  that  no  general  statement  can  be  made;  but 
when  it  is  remembered  that,  for  making  steam,  waste-gases  from 
operations  requiring  high  temperatures  are  still  hot  enough,  and  that 
the  nature  of  the  electric  current  enables  high  temperatures  to  be 
secured  from  ])ower  developed  from  steam  at  comparatively  low 
temperatures,  it  is  easily  seen  that  in  many  cases  of  heavy  metal- 
working,  power  for  welding  is  already  at  hand,  just  as  power  for 
hammering  in  heavy  forging  is  obtained,  in  many  cases,  from  the 
waste  gases  of  forges.  Again,  by  the  electric  process  the  large  water- 
powers  can  be  turned  to  account  in  metal-working,  and  places  where 
fuel  is  dear  and  water-power  plentiful  may,  in  future,  take  positions 
of  importance  with  respect  to  certain  varieties  of  such  work. 

Furthermore,  where  steam  is  generated  for  the  express  purpose  of 
welding  and  working  metals  by  electricity,  the  localization  of  the 
heat  to  the  exact  point  required,  as  compared  with  heating  a  con- 
siderable length  or  mass  in  the  fire,  with  the  loss  of  heat  involved  in 
so  doing,  may  offset  the  heavy  losses  in  the  generation  of  power  from 
steam.  It  is  readily  seen  that  the  economy  of  heating  to  high  tem- 
peratures in  the  fire  must  fall  as  the  temperature  of  the  metal  rises, 
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the  temperature-difference  between  that  which  gives  heat  and  that 
which  receives  it  becoming  less  and  less.  In  the  electric  process  the 
reverse  is  true,  aside  from  increased  loss  by  radiation  and  conduc- 
tion as  the  temperature  rises.  During  heating,  the  increasing  tem- 
perature of  the  metal  adds  greatly,  in  most  cases,  to  its  electrical 
resistance,  and  this  in  turn  increases  the  electrical  economy  of  the 
plant,  or  increases  the  proportion  of  the  electric  energy  converted  into 
heat  in  the  work  itself. 

Considei'ed  in  relation  to  the  automatic  character,  the  range  of 
adaptability,  the  convenience  and  cleanly  nature  of  the  work,  the 
perfect  control  of  temperature  secured,  and  the  uniformity  of  result, 
the  electric-welding' and  metal- working  processes  are  decided  advances 
over  the  earlier  art,  and  seem  destined  to  a  wide  application.  Already 
they  have  given  rise  to  new  methods  of  construction  and  have  pro- 
duced new  articles  of  manufacture,  and  they  will  doubtless  advance 
continually  in  this  respect,  in  addition  to  their  application  to  old 
constructions,  or  to  the  replacing  of  old  processes  in  established 
manufactures. 

Lack  of  time  and  pressure  of  other  work  have  prevented  the 
author  from  presenting  more  than  a  sketch  of  the  developments  of 
electricity  in  metal- working,  and  a  consideration  of  many  interest- 
ing details  has  been  necessarily  omitted. 

Discussion. 
EwiNG  Matheson,  Leeds,  England:  I  have  spent  some  little 
time  in  investigating  the  machines  which  Professor  Thomson  sent 
to  London,  but  indeed  no  great  time  is  required  to  convince  any  one 
that  the  electric  welding  process  is  practical.  Mechanical  engineers 
have  been  particularly  interested  with  the  facility  it  afifords  for 
actual  mechanical  operations  which  are  called  for  every  day  in  our 
factories.  Unfortunately,  the  machines  sent  to  London  were  in- 
tended only  for  exhibition  purposes,  and  hence  the  clamps  and  sub- 
sidiary parts  were  not  devised  for  any  particular  branch  of  work. 
In  a  recent  visit  to  the  electric-welding  factory  in  Boston,  at  the  in- 
stance of  Professor  Thomson's  kind  invitation  to  members  of  this 
Institute,  ray  time  was  devoted  to  observing,  not  the  mere  prac- 
ticability of  electric  welding,  but  rather  the  means  for  adapting  the 
welding-machines  to  particular  branches  of  trade.  I  was  very  much 
struck  while  there  with  the  peculiar  appliances  for  the  different 
shapes  of  work  that  we  require  in  every-day  operations.  Just  as  in 
a   lathe  or  planing-raachine  it  is  not  the  time  alone  that  is  taken 
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in  the  actual  cutting,  but  tliat  consumed  in  raountino;  the  pieces 
wliich  counts,  so  it  is  with  this  machine,  and  some  remarkably  inge- 
nious devices  have  been  made  through  which,  by  an  almost  auto- 
matic operation,  pieces  of  various  shapes  can  be  inserted  in  the 
machine,  welded,  and  taken  out  in  a  marvellously  short  time — 
and  this  not  only  for  the  plain  butt-welding  but  also  for  lap- 
M-elding.  Perhaps  the  most  ingenious  of  all  the  machines  was  the 
one  for  welding  the  hollow  shells  which  Professor  Thomson  has 
shown  us  in  the  lantern-views.  The  soft-steel  tube  and  the  hardened 
steel  point  were  put  together  not  only  quickly  but  perfectly  sym- 
metrically— that  is  to  say,  the  concentricity  of  the  two  was  not  at 
all  lost.  If  any  of  the  American  gentlemen  who  are  present  can 
enlighten  us  on  the  commercial  application  of  the  machine  in  this 
country,  such  information  would  prove  interesting  and  valuable.  In 
England  I  believe  there  is  as  yet  but  one  engineering  works  where 
the  machines  are  in  operation  every  day  in  the  smithy,  but  their 
introduction  will  no  doubt  be  rapid. 

P.  C.  Gilchrist,  London,  England :  From  the  very  clear  state- 
ment we  have  had  it  is  evident  that  the  difficulty  in  welding 
almost  every  metal  had  been  completely  overcome,  more  especially 
the  difficulty  of  welding  different  kinds  of  steel.  There  are  one  or 
two  uses  to  which  steel  is  not  yet  applied  as  much  as  it  ought  to  be 
— notably  to  the  manufacture  of  chains.  If  the  cost  of  making  the 
electric  welds  in  chains  is  not  too  high,  there  can  be  no  doubt  that 
such  a  method  of  welding  will  lead  to  a  very  great  increase  in  the 
consumption  of  steel  for  chain-making.  While  it  is  against  our 
rules  to  ask  the  cost,  it  is  not  against  our  rules  to  ask  for  pretty 
nearly  the  same  thing ;  if,  therefore,  the  author  is  disposed  to  give 
us  the  actual  horse-power  required  for  making  up  so  many  hundred- 
weights of  chains  of  particular  sizes,  we  shall  be  able  to  determine 
the  cost  quite  closely.  The  use  of  the  new  process  will  depend 
entirely  upon  cost.  A  knowledge  of  the  power  required  to  perform 
certain  specific  work  will  enable  us  to  form  a  fair  idea  whether  the 
process  may  be  profitably  applied  in  our  works.  As  one  among  a 
good  many  members  to  whom  the  subject  is  new  I  venture,  in  their 
behalf  as  well  as  my  own,  to  tender  our  thanks  to  the  author  for  his 
lucid  exposition  on  the  subject. 

Elihu  Thomson,  Lynn,  Mass.:  The  actual  horse-power  con- 
sumed depends  upon  M'hether  the  weld  is  made  quickly  or  slowly, 
and  therefore  it  varies  greatly.  For  matters  of  this  kind  I  can 
simply  refer  to  the  trustworthy  facts  and  figures  of  Sir  Frederick 
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Bramwell's  paper,  which  is  well  np  to  date.  He  dwells,  also,  on 
other  interesting  matters,  such  as  the  comparative  fuel-consnmption 
of  electric- welding  and  blacksmith-welding.  He  finds  that  the 
actual  fuel  consumed  in  each  case  is  about  the  same,  although  the 
electric  welding  was  not  completed  without  two  operations — that  is, 
the  hammering  was  not  finished  during  the  first  heat.  If  the 
hammering  had  been  finished  by  automatic  means  during  the  first 
heat,  the  consumption  of  fuel  would  have  been  less  in  the  electric- 
welding  than  in  blacksmith-welding. 


THE  WEAR  OF  METAL  AS  INFLUENCED   BY  ITS 
GEEMICAL  AND  PHYSICAL  PBOPERTIES. 

BY   C.    B.    DUDLEY,    PH.D.,    ALTOOXA,    PA. 

(From  the  Proceedings  of  the  ^Tew  York  Meeting  of  the  Iron  and  Steel  Institute, 
October,  1890.) 

In  October,  1878,  and  again  in  February,  1881,  I  had  the  lionor 
to  make  public,  through  the  medium  of  the  American  Institute  of 
Mining  Engineers,  the  results  of  an  extended  study  of  steel  rails 
which  had  been  in  service,  and  which  were  taken  for  the  purpose 
from  the  tracks  of  the  Pennsylvania  Railroad  Company,  These 
studies  appeared  in  three  papers.  In  the  first  of  these  papers  the 
question,  what  kind  of  steel  is  least  liable  to  fracture  or  disintegra- 
tion in  the  track,  was  the  j>rineipal  one  considered.  In  the  second 
paper  tiie  question  discu.ssed  was,  does  ihe  power  of  steel  to  resist 
Avear  increase  with  the  hardness?  In  the  third  paper  the  relation 
between  wear  and  the  chemical  and  physical  properties  of  the  metal 
was  the  principal  point  considered.  The  general  results  arrived  at, 
or  the  conclusions  reached,  were,  as  follows:  1.  That  a  mild  steel 
is  less  liable  to  fracture,  and  if  properly  made,  less  liable  to  crush- 
ing or  disintegration  in  the  track  than  a  harder  steel.  2.  That  the 
wearing-power  of  steel  in  rails  not  only  does  not  increase  as  hard- 
ness increases,  but,  on  the  contrary,  diminishes;  or,  in  other  words, 
that  a  mild  steel  gives  less  loss  of  metal  under  the  same  .service  than 
a  hard  steel.  These  conclusions  may  be  briefiy  stated  in  a  single 
sentence — namely,  in  rails  mild  steel  is  not  only  less  liable  to  frac- 
ture and  disintegration  in  the  track,  but  it  also  gives  longer  life,  or 
wears  more  slowly  under  the  same  traflic,  than  harder  steel.  It  is 
p^fhaps  hardly  necessary  to  add  that  by  mild  steel  is  meant  steel 
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with  smaller  percentages  of  carbon,  phosphorus,  silicon  and  manga- 
nese than  is  characteristic  of  harder  steel. 

My  own  criticism  of  this  work,  after  the  lapse  of  ten  years,  and 
after  all  the  discussion  which  followed  the  publication  of  the  papers 
above-mentioned,  may,  perhaps,  be  fairly  summed  up  in  four  con- 
clusions: 

1.  If  I  had  the  work  to  do  again  I  would  certainly  determine  the 
sulphur  in  the  rails,  since  all  our  studies  during  the  past  ten  years 
on  the  influence  of  sulphur  ])oint  strongly  in  the  direction  of  indi- 
cating that  the  sulphur  has  an  important  influence  on  steel,  especially 
in  its  effect  on  the  carbon. 

2.  The  influence  of  silicon,  and  especially  its  influence  from  the 
metallurgical  standpoint,  seems  to  be  much  better  understood  now 
than  at  the  time  when  these  studies  were  begun,  and  if  an  ideal 
formula;  repiesenting  our  views  as  to  the  best  possible  composition 
for  steel  rails,  was  to  be  made  at  the  present  time,  the  silicon  limit 
would  be  raised  somewhat,  possibly  to  the  favorite  figure  of  Mr. 
Sandberg — namely,  0.10  per  cent. 

3.  It  is  possible  that  in  the  first  paper  j)ublished  the  influence  of 
the  chemical  composition  on  what  is  commonly  known  as  crushing 
or  disintegration  of  rails  in  the  track  was  made  more  prominent  than 
the  facts  would  warrant.  More  mature  or  rij)er  studies  would  seem 
to  indicate  that  disintegration  or  crushing  of  steel  is  largely  a  re- 
sultant of  lack  of  soundness  in  the  ingot,  and  is  more  mechanical 
than  chemical,  except  in  so  far  as  chemistry  may  be  responsible  for 
the  soundness  of  the  ingot.  However,  upon  this  point  of  sound 
ingots,  we  have  seen  little  reason  to  modify  the  views  held  for  some 
time,  that  time  is  more  important  in  securing  sound  ingots,  especially 
time  in  certain  critical  parts  of  the  process,  than  any  other  single 
element.  If  our  views  are  correct,  sound  ingots,  with  consequently 
sound  rails,  can  be  made  from  steel  of  varying  composition,  provided 
time  is  allowed  at  the  right  ])oints  in  the  process,  and  the  claim  that 
high  manganese  and  high  carbon  are  essential  to  secure  sound  ingots 
is,  in  our  judgment,  not  well  founded,  provided  that  tiiuc  enough  is 
allowed  to  make  the  steel  properly. 

4.  In  all  our  later  studies  on  the  wear  of  metal  we  have,  as  far  as 
possible,  avoided  a  method  of  deciding  which  metal  is  best  which 
attempts  to  give  what  may  be  called  absolute  results.  In  other 
words,  loss  of  metal  by  wear,  per  million  tons,  has  some  nece-ssary 
errors  in  it,  and,  accordingly,  in  our  later  studies  we  have  adopted 
the   method  of  comparison :    Two   metals  of  diiferent  composition 
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are  subjected  as  nearly  as  possible  to  the  same  wear,  and  the  one 
which  wears  the  faster,  by  comparison  with  the  other,  is  regarded 
as  the  poorer,  as  will  be  explained  a  little  later.  It  would,  perhaps, 
have  been  difficult  to  use  this  method  on  rails  selected  from  different 
portions  of  the  track,  the  extremes  being  somewhere  about  100 
miles  apart,  but  if  we  had  the  work  to  do  again  a  strenuous  effort 
would  be  made  to  use  the  method  of  comparison.  Of  course,  this 
is  possible  where  direct  positive  experiments  are  made. 

One  point  further  in  regard  to  the  work  already  done  on  this  sub- 
ject. Samples  of  all  the  rails  which  were  discussed  in  the  third 
paper,  above  mentioned,  have  been  carefully  preserved  with  the  idea 
in  mind  of  some  time  repeating  the  work,  with  the  improved  means 
and  methods  which  time  and  study  in  the  realm  of  chemical  metal- 
lurgy should  place  in  our  hands.  Especially  has  it  been  hoped  that 
some  methods  of  chemical  analysis  would  be  devised  which  would 
enable  us  to  determine,  not  only  the  total  amount  of  carbon,  phos- 
phorus, silicon,  manganese,  sulphur,  etc.,  in  these  various  steels,  but 
also  how  these  substances  were  combined.  For  example,  does  the 
phosphorus  in  any  given  rail  exist  as  phosphide,  or  partly  as  phos- 
phate, or  both?  Is  the  silicon  simply  alloyed,  or  chemically  com- 
bined wdth  the  iron?  Does  the  carbon  all  appear  as  strength-carbon, 
or  is  some  of  it  graphitic,  or  combined  with  the  iron  in  such  a  way 
as  to  form  a  crystalline  body  which  adds  nothing  to  the  strength? 
The  ten  past  years  have  done  something  in  unravelling  these  mys- 
teries, but  hardly  enough,  we  think,  has  been  developed  as  yet  to 
enable  us  wisely  to  re-examine  these  rails.  It  has  been  our  belief 
for  some  time  that  no  decided  step  forward  in  the  chemical  metal- 
lurgy of  steel  could  be  taken  until  we  have  solved  some  of  the  ques- 
tions as  to  how  the  various  im})urities  which  occur  in  steel  exist  in 
the  metal,  and  we  may  add  that  it  is  not  from  lack  of  interest  in  the 
subject,  but  from  necessary  devotion  to  study  in  other  lines,  that  our 
own  work  in  this  field,  and  our  po.ssible  contributions  to  knowledge 
on  this  subject,  have  been  so  small. 

Otherwise  than  as  regards  the  criticisms  above  mentioned — 
namely,  that  the  sulphur  should  have  been  determined,  possibly  the 
silicon  limit  raised  a  little,  the  iuHuence  of  the  method  of  manufac- 
ture on  the  final  jjroduct  made  a  little  more  prominent,  and  the  com- 
parative method  used  as  far  as  possible  in  determining  the  difference 
between  good  and  ])0()r  rails — we  have  seen  little  occasion  to  modify 
the  conclusions  stated  in  the  papers  as  published;  that  is  to  say, 
during  ten  years   past,  with   our   minds  constantly  directed  to  the 
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question  of  what  kind  of  steel  will  give  the  greatest  safety  and  the 
least  wear,  not  only  in  rails,  hut  also  in  almost  all  constructive  uses, 
we  have  seen  no  occasion  to  change  the  main  conclusion  previously 
reached — namely,  that  mild  steel  is  not  only  safer  for  rails  and  for 
other  constructive  purposes,  but  also  that  mild  steel  gives  better 
wear,  or  loses  less  metal  under  the  same  traffic,  than  harder  steel. 
It  seems  quite  probable  that  this  conclusion  will  hardly  be  accepted 
by  the  mass  of  engineers,  or  by  those  who  are  engaged  in  metallurgi- 
cal industry,  and  the  object  of  this  paper  is  simply  to  bring  up  to 
date  the  additional  information  which  has  been  accumulated  on  this 
subject  during  the  past  ten  years.  It  is  perhaps  unfortunate  that  a 
larger  number  of  direct  experiments  have  not  been  made  during 
that  time;  but  progress  in  such  a  study  as  this  must  necessarily 
be  slow,  and  methods  of  making  experiments  which  will  give 
unquestioned  results  do  not  always  readily  present  themselves,  so 
that  perhaps  in  some  respects  the  delay  has  not  been  so  great  a  mis- 
fortune. We  are  much  better  prepared  to-day  to  make  positive  ex- 
j)eriments  than  ever  we  were  before,  and  we  have  experiments 
already  started  which  we  hope  will  throw  much  light  on  this  sub- 
ject. We  hope  we  may  have  the- good  fortune  to  bring  the  results 
of  these  exjieriments  to  your  attention  at  a  later  date.  Meanwhile, 
what  light  have  the  past  ten  years  thrown  on  the  special  subject  of 
the  relation  between  wear  and  the  chemical  and  physical  properties 
of  metal  ? 

1.  Since  the  papers  above  referred  to  were  published  no  sys- 
tematic study  of  steel  rails  has  been  attempted  in  the  Pennsylvania 
Railroad  Laboratory.  A  few  tons  each  of  rails  of  different  specified 
composition  were  obtained  and  })ut  in  the  track,  with  the  idea  of 
making  a  positive  exj)eriment  on  wear.  Unfortunately,  owing  to 
changes  of  alignment,  and  in  the  personnel  of  tiiose  who  had  charge 
of  the  experiments,  these  rails  were  lost  sight  of,  and  no  positive 
conclusions  can  now  be  drawn  from  them.  General  observation  has, 
however,  been  constantly  maintained,  and  an  occasional  analysis  of 
a  remarkable  rail  taken  from  the  track  has  been  made,  although 
these  have  not  at  all  altered  the  conclusion  previously  expressed. 

2.  It  will  be  reme.nbered  by  those  who  are  familiar  with  the  dis- 
cussion whicii  followed  the  publication  of  the  papers  on  steel  rails, 
that  some  trial  rails,  according  to  the  formula  suggested  in  the  first 
paper,  were  made  in  Germany,  and  inspected  by  Mr.  Saudberg,  who 
made  his  work  the  subject  of  a  contribution  to  the  discussion.  The 
place  where  these  rails  went  into  service  never  came  to  my  knowl- 
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edge  until  a  little  over  a  year  ago.  At  that  time  I  received  a  letter 
from  Mr.  P.  H.  Conradson,  the  chemist  of  the  New  York  and  New 
England  Railroad,  stating  that  he  had  found  in  the  records  of  that 
road  that  2500  tons  of  steel  rails,  in  accordance  with  the  formula 
suggested  in  the  first  steel-rail  paper  above  referred  to,  had  been 
made  at  GutehofFnungshiitte,  Germany,  and  had  been  laid  on  their 
road.  Mr.  Conradson's  letter  gave  the  formula  on  which  the  rails 
were  ordered,  which  is  practically  the  formula  of  my  first  steel  rail 
paper,  and  also  states  that  the  records  show  a  number  of  reports  of 
inspection,  signed  by  Mr.  Sandberg,  with  analyses  made  by  Mr. 
Magnus  Troilius.  A  number  of  analyses  are  also  given,  taken  from 
the  tests  of  inspection,  showing,  in  general,  that  the  rails  came 
within  the  limits  of  the  specifications — namely,  in  no  case  was  carbon 
above  0.35  or  below  0.25  per  cent.;  manganese  was  in  no  case  above 
0.40  or  below  0.30  per  cent. ;  phosphorus  was  between  0.055  and 
0.075  per  cent.,  and  silicon  varied  from  0.01  to  0.08  per  cent. ;  most 
of  them  being  about  0.05  per  cent.  The  physical  tests  were  also 
fairly  clo.se  to  the  assigned  limits  of  the  specifications — namely,  they 
were  generally  within  75,000  pounds  tensile  strength  per  square 
inch,  with  not  less  than  20  per  cent,  elongation,  the  limits  being 
from  73,000  to  about  80,000  pounds  tensile  strength  per  square 
inch,  and  17  to  23  per  cent,  elongation.  The  rails  weighed  60 
pounds  per  yard,  and  were  put  in  the  track  where  they  could  be 
subjected  to  the  severest  service.  They  remained  at  this  point 
seven  years,  and  were  taken  up  to  be  replaced  with  a  heavier  rail. 
Upon  receipt  of  Mr.  Conradson's  letter,  the  matter  was  brought  for- 
ward with  the  officers  of  the  road,  with  the  idea  in  mind  of  obtain- 
ing ])Ositivc  figures  as  to  the  tonnage  which  had  passed  over  the 
rails  during  the  seven  years,  but  although  data  on  this  point  were 
promised,  yet,  owing  to  changes  in  the  management,  they  were  never 
furnished.  We  are,  therefore,  without  positive  data,  exi)re.ssed  in 
figures,  as  to  how  the.se  rails  wore.  The  statements,  however,  of 
those  most  familiar  with  the  rails  while  they  were  performing  their 
service  were  to  the  effect  that  they  were  in  every  sense  satisfactory, 
and  that  they  gave  excellent  results.  The  words  of  the  one  most 
competent  to  judge,  quoted  by  Mr.  Conradson,  are  as  follows: 
"These  rails  have  not  changed  any  during  these  seven  years  of  con- 
tinuous use  .so  that  it  can  be  detected  by  the  naked  eye."  It  would 
be  gratifying  to  have  positive  figures  as  to  the  tonnage  and  loss  of 
metal  by  wear,  l)Ut  in  the  absence  of  these  data  it  is  perhaps  not  too 
much  to  say  that  even  if  we  do  not  have  from  it  so  positive  a  con- 
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firmation  of  our  views  as  could  be  desired,  there  is  certainly  nothing 
in  the  facts  to  controvert  the  idea  that  mild  steel  gives  better  wear  in 
rails  than  hard  steel. 

3.  I  ara  aware  of  tlie  conclusions  reached  by  M.  Verschovsky, 
engineer-in-chief  of  the  Russian  State  Railways,  which  were  stated 
in  a  paper  read  before  the  Railway  Congress  in  Paris  in  1889.  I 
have  not  seen  the  original  paper,  but  simply  a  translation.  Those 
who  have  read  this  paper  know  that  the  conclusions  reached  by  M. 
Verschov'sky  seem  to  be  directly  opposite  to  the  conclusions  which 
we  liave  reached — namely  (if  we  can  trust  the  translation  which  I 
have),  "  the  best-wearing  rails  have  the  greatest  tensile  strength  with 
the  least  elongation  ;"  and  again,  that  the  "rails  which  broke  were 
softer,  as  far  as  indicated  by  tensile  strength  and  elongation,  and 
there  is  a  difference  between  a  hard  rail  and  a  brittle  one."  Still 
further,  as  regards  the  chemical  composition,  "the  best  rails  contain 
more  carbon  and  manganese  than  the  brittle  ones,  and  in  all  cases 
much  more  silicon  and  less  phosphorus."  In  the  absence  of  data  as 
to  what  constituted  the  best  rails — that  is,  as  to  how  the  best  rails 
were  decided  on — and  in  the  absence  of  any  positive  data  of  loss  of 
metal  by  wear,  it  is,  of  course,  exceedingly  difficult  to  criticise  or 
explain  the  conclusions  obtained  by  M.  Verschovsky.  However, 
one  point  in  the  paper  seems  to  throw  some  light  on  the  possibili- 
ties of  the  case.  It  is  stated  that,  in  consequence  of  the  specifica- 
tions issued  by  the  government,  the  steel-works  did  all  in  their 
power  to  produce  a  soft  steel,  so  as  to  insure  that  the  "  frozen  rails 
should  stand  the  falling-  or  drop-test  prescribed,"  and  that  this  result 
was  accomplished,  but  that,  as  a  concomitant  of  this  soft  steel,  a  new 
difficulty  appeared,  which  was  that  after  a  few  months  of  wear  the  rails 
began  to  crush  or  flatten  at  the  ends,  so  that  in  a  short  time  replace- 
ment was  found  necessary.  To  our  minds  this  seems  to  indicate  that 
as  the  result  of  the  effort  of  the  steel-works  to  [)roduce  soft  steel,  very 
unsound  or  porous  ingots  were  obtained,  which  produced  rails  that 
were  not  sound  and  homogeneous,  and  which  would  be  likely  to 
Ijehave  exactly  as  M.  Verschovsky  describes.  It  will  be  remem- 
bered that  this  difficulty  of  getting  sound  ingots  with  soft  steel  was 
largely  the  burden  of  the  discussion  which  followed  the  publication 
of  the  steel-rail  papers,  and  it  seems  fairly  probable  that  the  diffi- 
culty which  M.  Verschovsky  describes  may  be  entirely  due  to  this 
cause.  If  the  steel- works,  in  trying  to  make  the  soft  steel,  so  hurried 
the  j)rocess  that  unsound  and  porous  ingots  were  obtained,  we  see 
no  difficulty  in  accounting-  for  the  conclusions  which  M.  Verschov- 
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sky  has  reached.  We  ourselves  have  seen  and  analyzed  steel  which 
was  not  only  brittle,  but  which  also  readily  disintegrated  under 
blows,  and  gave  both  low  tensile  strength  and  low  elongation,  while 
on  analysis  it  was  almost  ideal  in  its  proportions  of  carbon,  man- 
ganese, phosphorus  and  silicon  to  make  good  rails.  The  difficulty 
with  the  steel  was  that  it  was  improperly  made.  The  sample  which 
we  have  in  mind  was  a  special  blow,  made  for  a  special  purpose;  its 
history  was  known  completely,  and  we  are  confident  that  few  prac- 
tical metallurgists  will  disagree  with  the  conclusion  that  if,  at  the 
end  of  the  blow,  sufficient  time  is  not  allowed  to  elapse  to  secure 
deoxidation,  and  if  the  metal  is  cast  while  it  is  still  rapidly  boiling, 
a  steel  will  be  produced  which  will  be  not  only  brittle,  but  also  of 
low  tensile  strength,  low  elongation,  and  in  every  sense  unreliable. 
We  are  free  to  confess  that  we  would  much  prefer  a  hard,  sound 
steel  to  a  soft,  unsound  one.  Our  plea  has  always  been  for  a  sound, 
homogeneous,  mild  steel.  Of  course  it  is  impossible  for  us  to  say 
that  the  above  was  exactly  the  case  with  the  rails  tested  by  M.  Ver- 
schovsky,  but  the  facts  seem  to  us  to  point  to  a  possible  explanation 
of  the  conclusions  which  he  has  reached,  and  if  our  explanation  is 
correct  we  should  have  very  little  difficulty  in  agreeing  with  his  con- 
clusions, our  answer  being,  however,  that  a  mild  steel  properly  made 
is  much  better  than  the  hard  steel  which  he  praises. 

4,  Several  years  ago  our  attention  was  directed  to  the  question  of 
tires  on  locomotive  driving-wheels,  which,  as  is  well  known,  are 
made  of  steel.  The  question  under  discussion  was  the  possibility  of 
})reparing  specifications  for  locomotive-tires,  and,  as  a  preliminary 
study,  examination  was  made  of  a  number  of  steel  tires  which  had 
been  in  service.  It  may  be  stated  here  that  for  a  number  of  years 
past  the  practical  men  in  charge  of  the  lathe-shops  on  diffi^rent  por- 
tions of  the  Pennsylvania  Railroad  where  tires  are  turned  off  noticed, 
and  iiave  stated  in  conversation,  that  they  always  had  to  turn  off 
the  most  metal  from  the  softest  tire;  that  is  to  say,  when  the  tires 
come  into  the  shop  for  re-turning  the  very  hard  tires  were  the  ones 
which  had  worn  the  most,  the  hardness  being  determined  by  the 
behavior  of  the  tool  during  turning.  This,  of  course,  was  simply 
an  observation,  and  very  few  positive  data  could  be  drawn  from  it. 
Following  this  suggestion,  iiowever,  a  number  of  tires  were  meas- 
ured, the  method  being  to  take  the  circumference  of  two  tires  on 
()ppos,ite  ends  of  the  same  axle.  These  tires,  as  is  well  known,  are 
of  practically  the  same  size  when  they  go  into  service,  the  variation 
being  .possibly  not  more  than  rJoOi'iffd  '"<^"''  '"  diameter  between 
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the  two  tires  on  opposite  ends  of  the  same  axle.  They  also,  as  is 
well  known,  make  the  same  number  of  turns,  doing  the  sam* 
amount  of  service,  and,  barring  the  possibility  of  the  engine  getting 
a  little  out  of  true,  have  practically  the  same  pressure  between  the 
tire  and  the  rail  during  their  service.  Again,  if  tiie  driver-brake 
comes  into  account  (all  driving-wheels  do  not  have  driver-brakes), 
its  action  is  practically  the  same  on  the  two  tires  on  opposite  ends 
of  the  same  axle,  so  that  it  would  seem  that  locomotive-drivers  afford 
an  admirable  opportunity  for  the  use  of  the  comparative  method  of 
making  tests  on  the  relative  wear  of  hard  and  soft  steel.  In  view 
of  this  consideration,  a  number  of  tires  were  taped  as  they  came  in 
from  service  to  be  re-turned,  and  in  a  short  time  three  pairs  of  tires 
were  found  each  of  which  showed  a  marked  difference  between  the 
two  circumferences.  The  circumference  was  measured  by  putting  a 
tape  around  the  tire.  In  one  case  the  difference  in  circumference 
was  2  inches,  and  in  each  of  the  other  cases  the  difference  was  1|- 
inches.  This  difference  in  circumference  corresponds  to  a  difference 
in  diameter  of  from  0.55  to  0.63  inch,  or  from  0.27  to  0.31  inch  in 
the  thickness  of  the  tire  itself.  In  other  words,  by  actual  meas- 
urement of  tires  which  had  been  in  service  on  ojtposite  ends  of  the 
same  axle,  which  were  of  the  same  diameter  and  circumference 
when  they  went  into  service,  in  the  case  of  two  of  the  pairs,  one 
of  the  two  tires  had  lost  a  little  over  ^  inch  of  its  thickness  more 
than  the  other,  while  in  the  other  pair  one  had  lost  nearly  J  inch 
more  of  its  thickness  than  the  other.  In  view  of  this  discrepancy  in 
wear  under  as  nearly  as  possible  the  same  conditions,  it  was  with  a 
great  deal  of  interest  that  analyses  were  made  of  the  metal  taken 
from  these  tires.     The  results  of  the  analyses  are  as  follows: 

Analyses  of  Unequally  Worn  Tires,  from  Opposite  Ends  of  (he  Same 
Axles,  on  the  Pennsylvania  Railroad  Locomotives. 

Least  worn  Most  worn 
Engine  654.                                                                         tire.  tire. 

Per  cent.  Per  cent. 

Carbon, 0.594  0.708 

Manganese 1.076  0.938 

Phosphorus, 0.039  0.101 

Silicon, 0.245  0.143 

Least  worn  Most  worn 

Engine  136.                                                                    tire.  tire. 

Per  cent.  Per  cent. 

Carbon, 0.541  0.625 

Manganese, 0.880  0.974 

Phosphorus, 0062  0.063 

Silicon, 0  253  0.153 
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Least  worn  Most  worn 

Engine  626.  tire  tire. 

I  Per  cent.  Per  cent. 

Carbon, 0.525  0.554 

Manganese 0.512  0.714 

Phosphorus, 0.032  0.037 

Silicon, 0.169  0.208 

The  tire.s  of  Engine  654  had  a  difference  in  circumference  of  2 
inches  ;  the  other  two  had  a  diiference  in  circumference  of  If  inches. 
It  is  interesting  to  observe  that  in  every  case  the  carbon  is  lowest  in 
the  least  worn  tire,  indicating  the  softest  steel,  so  far  as  carbon  is 
concerned.  Again,  in  two  of  the  three,  the  manganese  is  lowest  in 
the  least  worn  tire.  In  one  of  the  three,  there  is  quite  a  diiference 
in  phosphorus,  the  lowest  being  characteristic  of  the  least  worn  tire, 
the  other  two  having  very  slight  differences  in  phosphorus.  In 
two  the  silicon  is  highest  in  the  least  worn  tire,  while  in  the  other 
the  difference  is  the  other  way.  Of  course  it  is  impossible  to  draw 
any  very  general  conclusion  from  so  small  a  number  of  samj)les  as 
three,  but  the  teaching  of  these  results  would  seem  to  be  that,  in 
general,  lower  carbon  and  manganese  and  higher  silicon  are  char- 
acteristic of  tires  which  give  the  best  wear.  It  is  fair  to  say,  in  this 
connection,  that  it  is  not  at  all  impossible  that  the  temper  of  this 
steel  may  have  an  influence  on  the  wear,  apart  from  the  chemical 
composition.  It  is  well  known  that  tires  are  "set,"  as  it  is  called — 
that  is,  are  fastened  upon  the  wheel-center — by  having  the  tire 
bored  out  to  a  diameter  a  little  less  than  that  of  the  wheel-center, 
and  then  heating  the  tire  to  expand  it,  so  that  it  will  take  the  wheel- 
center,  and  then  cooling  the  tire.  If,  now,  the  tires  are  not  heated 
to  uniform  temperatures,  and  cooled  uniformly,  or  if  they  differ 
somewhat  in  their  carbon,  it  is  probable  that  one  tire  would  have  a 
different  "  temper"  or  *'  iiardness  j)roduced  by  cooling"  than  the  other, 
and  this  might  have  an  influence  on  the  rate  of  wear.  Of  course  no 
po.sitive  data  can  be  given  on  this  point  at  the  present  moment. 
Before  leaving  the  wear  of  tires,  permit  me  one  word  further.  Con- 
fining ourselves  to  the  question  of  wear,  it  is  diflicult  to  conceive  of 
anything  which  produces  wear  in  rails  different  from  that  which 
produces  wear  in  tires,  since,  if  we  understand  rightly,  it  is  a  strain 
between  the  wheel  and  the  rail  which  causes  the  rupture  or  tearing 
offof  the  small  particles  which  we  are  accustomed  to  call  "wear." 
It  would  seem,  therefore,  that  tires  afford  an  admirable  opportunity 
for  studying  the  question  of  relative  wearing-power  of  hard  and  soft 
steel,  and  the  experiments  alluded  to  in  the  early  jiartof  this  paper  are 
the  experiments  on  the  wear  of  tires.  A  method  lias  been  devised,  we 
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tliiiik,  and  the  nuinher  of  hard  and  soft  tires  oompared  is  sufficiently 
great,  it  is  hoped,  to  enable  very  positive  information  to  be  obtained 

»as  to  the  relative  power  of  hard  and  soft  steel  to  resist  wear.  It 
would  hardly  be  wise  to  enter  into  the  details  of  the  method  of  these 
experiments  at  the  present  moment,  but  it  seems  probable  that  within 
six  months,  or  possibly  a  year,  we  may  have  considerably  more  light 
on  the  relative  wearing-power  of  hard  and  soft  steel  than  we  now 
have. 

5.  Our  studies  on   wear   have  not  been  confined  wholly  to  the 

»  behavior  of  iron  and  steel  under  abrasion  or  rolling-friction.  A 
very  large  number  of  experiments  have  been  made  on  the  Pennsyl- 
vania Railroad  with  various  alloys  used  as  bearing-metals,  and  in- 
structive information  may  be  drawn,  we  think,  from  these  experi- 
ments as  to  the  relation  between  wear  and  the  chemical  and  physical 
properties  of  metal.     If  the  experiments  just   alluded  to  may  be 

►  trusted,  and  our  deductions  from  them  are  correct,  we  find  the  same 
thing  in  the  realm  of  the  alloys  which  we  have  heretofore  claimed 
with  regard  to  iron  and  steel, — namely,  that  those  alloys  which  are 
least  brittle,  or,  for  want  of  a  better  word,  those  alloys  which  may 
be  called  softest  give  the  best  wear, — that  is,  they  lose  less  metal 
under  the  same  conditions  than  harder  or  more  brittle  alloys.  Or, 
looked  at  in  the  light  of  definite  physical  properties,  those  alloys 
which  give  the  slower  wear  are  characterized  by  lower  tensile 
strength  and  greater  elongation  than  is  characteristic  of  those  giving 
the  more  rapid  wear. 

The  alloys  experimented  with  have  been  principally  the  old  copper- 
tin  alloy  (seven  parts  copper  to  one  of  tin)  and  alloys  of  copper,  tin 
and  lead,  with  and  without  phosphorus  and  arsenic.  It  is  not  in- 
tended to  say  that  no  other  alloys  have  been  experimented  with,  but 
these  are  the  alloys  which  have  been  most  experimented  with,  and  in 

k regard  to  which  we  have  the  most  reliable  data.  The  method  of 
experimentation  has  been  to  have  a  certain  number  of  bearings  made 
of  a  standard  bearing-metal,  which  will  be  described  later  on,  and 
tiie  same  number  of  bearings  of  the  experimental  metal.  These 
bearings  were  placed  on  opposite  ends  of  the  same  axles,  either  on 
locomotive-tenders  or  on  cars,  one-half  of  the  standard  and  experi- 
mental bearings  being  on  one  side  of  the  car  and  the  other  half  being 
on  the  other  side,  but  in  all  cases  a  standard  bearing  and  an  experi- 
mental bearing  on  opposite  ends  of  the  same  axle.  The  bearings 
were  all  carefully  weighed  before  going  into  service,  and  after  a  suffi- 
cient lapse  of  time  were   taken   out  and  re-weighed.     At  first  an 
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attempt  was  made  to  give  the  loss  of  metal  by  referring  it  to  the 
mileage,  hut  the  method  of  comparison  was  ultimately  adopted,  as 
giving  results  free  from  any  possible  difficulties  introduced  by 
mileage,  so  that  all  the  results  which  we  obtained  are  strictly  com- 
parative. 

The  standard  bearing-metal  is  what  is  known  in  the  market  as 
phosphor-bronze  bearing-metal,  technically  described  by  the  Phos- 
phor-Bronze  Smelting  Company  as  the  "  S  Bearing-Metal."  This 
metal  contains  approximately  79.70  per  cent,  of  copper,  10  per  cent, 
of  tin,  9.50  per  cent,  of  lead,  and  about  0.80  per  cent,  of  phosphorus. 
It  is,  of  course,  a  fair  question,  and  one  which  has  not  been  over- 
looked, whether  the  standard  bearing-metal  gives  uniform  wear.  A 
large  number  of  experiments  have  been  made  on  this  point,  the 
result  being  that  the  average  wear  of  standard  phosphor-bronze, 
compared  with  the  mileage,  is  best  expressed  by  saying  that  the 
phosphor-bronze  bearing-metal  loses  one  pound  of  metal,  worn  otf, 
for  every  18,000  to  24,000  miles  of  travel.  This,  it  will  be  observed, 
shows  a  discrepancy  in  the  wear  of  the  standard  phosphor-bronze 
bearing-metal,  and  the  fact  led  us  to  abandon  the  method  of  making 
comparisons  by  mileage.  The  reasons  for  the  discrepancy  are  not 
hard  to  find  :  First,  the  pressure  per  square  inch  in  all  tests  was 
not  the  same,  and  con.sequently  the  wear  would  not  be  the  same.  On 
the  other  hand,  with  bearings  on  the  opposite  ends  of  the  same  axle, 
the  pressures  per  square  inch  are  approximately  the  same.  Second, 
the  state  of  the  lubrication  in  different  cars  and  engines,  which  is 
more  or  less  characteristic  of  different  parts  of  the  mad,  is  a  very 
important  variable,  and  undoubtedly  goes  far  towards  exphiining  the 
differences  in  mileage  above  given.  This  variation  in  the  state  of 
lubrication  is  not  so  apt  to  be  characteristic  of  opposite  ends  of  the 
same  axle  as  it  is  of  different  cars  and  locomotives.  We  are  inclined 
to  think,  therefore,  that  the  assumption  that  standard  phosphor- 
bronze  is  sufficiently  uniform  in  its  behavior  to  warrant  its  being 
used  as  the  basis  of  compari.son  will  not  lead  us  into  serious  error, 
at  least  if  we  confine  ourselves  to  a  direct  comparison  of  the  los."?  of 
metal  obtained  from  standard  bearings  on  one  end  of  the  axles  and 
experimental  bearings  on  the  other  end  of  the  same  axles.  Usually 
sixteen  bearings  of  each  kind  were  put  in  service  as  a  preliminary  ex- 
periment, and  if  the  metal  proved  at  all  favorable  on  this  preliminary 
trial,  a  larger  trial,  embracing  fifty  or  one  hundred  bearings  of  each 
kind,  was  put  in  service.  The  preliminary  trials  were  usually  made  on 
locomotive- tenders,  where  the  bearings  get  the  best  possible  care. 
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The  larger  trials  were  more  commonly  made  on  cars.  Of  course, 
owing  to  the  exigencies  of  the  service,  it  sometimes  happened  that 
some  of  the  bearings  pnt  in  use  were  not  returned  to  be  weighed. 
This  was  more  true  wiiere  bearings  became  heated,  and  were  removed 
at  different  points  along  the  line,  than  at  the  regular  inspection 
points.  AVhenover,  from  any  cause,  a  l)earing  was  missing,  its 
opposite  was  not  taken  into  account,  so  that  in  the  results  given 
the  comparisons  are  strictly  between  the  same  number  of  standard 
and  experimental  bearings  on  opposite  ends  of  the  same  axles. 
Sometimes  as  high  as  one-half  the  bearings  in  an  experimental  lot 
would  be  lost.  In  other  cases,  nine-tenths  would  be  returned.  The 
results  of  the  tests,  with  the  composition,  and,  so  far  as  our  knowl- 
edge goes,  the  physical  properties  of  the  various  alloys  tested,  are 
given  below.  It  is  unfortunate  that  in  the  earlier  tests  the  physical 
properties  of  the  alloys  were  not  taken.  In  the  composition,  approxi- 
mately average  analyses  are  given  rather  than  a  special  analysis  of 
the  metal  in  each  test,  and  it  will  be  observed  that  there  is  no  allow- 
ance made  for  the  small  impurities,  such  as  zinc,  antimony,  iron,  etc., 
which  are  usually  characteristic  of  the  commercial  metals  used  in 
making  these  alloys,  especially  where  .some  scrap  is  used  in  making 
the  bearings,  as  is  almost  always  the  case.  It  will  also  be  observed 
that  in  all  cases,  in  expressing  the  loss  of  metal  by  wear,  the  results 
are  given  in  percentages  of  the  metal  lost  by  the  standard  phosphor- 
bronze  : 

Copper-Tin  versus  Phosphor- Bronze. 

Composition,  Composition, 

copper-tin.  y)hosphor-bronze. 

Per  cent.  Per  cent. 

Copper, 87.50  79.70 

Tin 12.50  10.00 

Lead,  ........     none.  9.50 

Phosphorus, none.  0.80 

Wear. — First  experiment,  copper-tin  wore  48  per  cent,  faster  than  phosphor- 
bronze  ;  second  experiment,  copper-tin  wore  53  per  cent,  faster  than  phosphor- 
bronze;  tiiird  experiment,  copper-tin  wore  47  per  cent,  faster  than  phosphor- 
bronze. 

Arsenic-  Bronze  versus  Phosphor-  Bronze  —  First  E.vperlment. 

Composition,  Composition, 

arsenic-bronze.  phosphor-bronze. 

Per  cent.  Per  cent. 

Copper, 89  20  79.70 

Tin, 10.00  10.00 

Lead, none.  9.50 

Phosphorus, none.  0.80 

Ai-senic, 0.80  none. 

Wear. — Arsenic-bronze  wore  42  per  cent,  faster  than  phosphor-bronze. 
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Arsemc-Bronze  versus  Phosphor- Bronze — Second  Experiment. 

Composition,  Composition, 

arsenic-bronze.  phosphor-bronze. 

Per  cent.  Per  cent. 

Copper, 82.20  79.70 

Tin •     .        .     10.00  10.00 

Lead, 7.00  9.50 

Phosphorus none.  0.80 

Arsenic, 0.80  none. 

Wear. — Arsenic-bronze  wore  15  per  cent,  faster  than  pJiosphor-bronze. 


Arsenic-Bronze  versus  Phosphor- Bronze — Third  Experiment. 


Copper, 
Tin,      . 
Lead,    . 
Phosphorus, 
Arsenic, 


Wear. — Arsenic  bronze  wore  1  per  cent,  faster  than  phosphor-bronze. 


Composition, 

arsenic-bronze. 

Per  cent. 

79.70 

10.00 

9.50 

none. 

0.80 


Composition, 

phosphor-bronze. 

Per  cent. 

79.70 

10.00 

9.50 

0.80 

none. 


Damascus- Bronze  versus  Phosphor-Bronze. 


Composition, 

Composition, 

Damascus-bronze. 

phosphor-bronze 

Per  cent. 

Per  cent. 

.     77.00 

79.70 

.     10.50 

10.00 

.     12.50 

9.50 

.     none. 

0.80 

Copper,         ..... 
Tin,       .;.... 
Lead,    .         .        .         . 
Phosphorus,  .... 

Wear. — First  experiment,  Damascus-bronze  wore  8  per  cent,  slower  than  phos- 
phor-bronze;  second  experiment,  Damascus-bronze  wore  7.30  per  cent,  slower  than 
phosphor-bronze. 

Alloy  "  B  "  versus  Phosphor-Bronze. 


Copper, 

Tin, 

Lead,    ...... 

Phosphorus,  .... 

Physical  Properties. 
Tensile  strength  per  square  inch,  pounds, 
Elongation,  per  cent., 
TTear.— Experimental   alloy  "B"   wore  13.50  per  cent,  slower  than  phospiior- 
brouze. 


Composition, 

Composition, 

alloy  "B." 

phosphor-bronze. 

Per  cent. 

Per  cent. 

.     77.00 

79.70 

.       8.00 

10.00 

.     15.00 

9.50 

.     none. 

0.80 

Alloy  "B." 

Phosphor-bronze. 

.     24,000 

30,000 

11 
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If  we  inter|)ret  tlie  above  results  correctly,  ihey  indicate:  (l)that 
copper-tin  wears  nearly  50  per  cent,  faster  than  standard  phosphor- 
bronze;  (2)  that  arsenic-bronze,  containing  no  lead,  wears  about 
42  per  cent,  faster  than  phosphor-bronze  ;  (3),  that  arsenic-bronze 
containing  7  per  cent,  of  lead  wears  less  rapidly,  the  exact  figure 
being  15  per  cent,  faster  than  phosphor-bronze;  (4)  that  arsenic- 
bronze  containing  the  same  amount  of  lead  as  ))hosj)hor-bronze  wears 
but  slightly  faster,  the  figure  being  1  per  cent. ;  (5)  that  Damascus- 
bronze  containing  as  high  as  12.50  per  cent,  of  lead  wears  from  7  to 
8  per  cent,  slower  than  phosphor-bronze  ;  and  (6)  that  the  experi- 
mental alloy  "  B,"  containing  less  tin  and  more  lead  than  any  of  the 
other  alloys  experimented  with  (tlie  figures  being  8  per  cent,  of  tin 
and  15  percent,  of  lead,  instead  of  10  per  cent,  of  tin  and  9.50  per 
cent,  of  lead,  as  is  characteristic  of  phosphor-bronze),  wears  13.50 
per  cent,  slower  than  phosphor-bronze.  This  last  alloy  is  the  only 
one  of  which  we  have  the  physical  properties  compared  with  phos- 
phor-bronze, and  it  will  be  observed  that  it  has  considerably  lower 
tensile  strength,  with  greater  elongation,  than  the  phosphor-bronze. 
This  characteristic  of  lower  tensile  strength  and  greater  elongation, 
it  will  be  remembered,  is  the  same  characteristic  which  has  been  so 
often  alluded  to  in  the  case  of  steel;  namely,  the  mild  steel,  which, 
as  is  well  known,  is  characterized  by  lower  tensile  strength  and 
greater  elongation  than  harder  steel,  gives  the  best  wear.  Here,  too, 
in  the  realm  of  alloys,  that  metal  which  gives  the  lower  tensile 
strength  and  greater  elongation,  if  our  experiments  can  be  trusted, 
gives  the  slower  wear.  As  has  already  been  stated,  it  is  unfortunate 
that  the  physical  tests  of  all  the  other  experimental  alloys  were  not 
taken  ;  but  there  is  another  method  of  getting  at  the  physical  prop- 
erties of  these  alloys  which  is  instructive,  and  although  not  as  defi- 
nite, is,  perhaps,  almost  as  convincing  as  though  the  actual  figures 
were  given.  It  is  well  known  that  the  alloy  of  two  parts  of  copper 
to  one  of  tin,  which  is  commonly  called  speculum  metal,  is  one  of 
the  most  brittle  substances  known.  If,  now,  the  percentage  is 
changed,  and  an  alloy  is  made  of  three  parts  of  copper  to  one  of  tin, 
it  is  less  brittle  than  the  first  one.  Four,  five,  six,  seven,  eight,  etc., 
parts  of  copper  to  one  of  tin  give  alloys  which  are  in  every  case  less 
and  less  brittle,  as  the  tin  diminishes,  if  our  data  can  be  trusted.  It  is 
also  well  known  that  the  alloys  of  four,  five,  six,  and  sometimes  seven 
parts  of  copper  to  one  of  tin  are  used  for  making  bells  for  various 
purposes.  The  alloy  of  seven  parts  of  copper  to  one  of  tin  is  the 
co]>per-tin  alloy  used  as  bearing-metal  in  our  experiments.     If  this 
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reasoning  is  correct,  the  law  seems  to  be  that  the  increase  in  copper  and 
the  diminntion  in  tin,  at  least  within  the  range  of  our  experiments, 
give  alloys  which  are  less  and  less  brittle  in  every  case.     In  the  ex- 
periments which  we  have  made  it  will,  of  course,  be  urged  that  lead 
comes  in  as  an  important  constituent  in  the  alloy,  and  consequently 
the  query  arises,  What  influence  has  the  lead  on  the  alloy?     The 
influence  of  the  lead  has  not   been   worked   out  in   figures   to   our 
knowledge,  but  so  far  as  our  observation  and  study  have  gone,  the 
addition   of  lead   practically  amounts  to  the  same   thing   as  a  still 
further  diminution  of  tin ;  that  is   to  say,  an   alloy  containing  any 
given  percentage  of  copper  and  tin  will  be  rendered  more  ductile  and 
less  brittle  by  the  addition  of  lead  to  this  alloy,  which,  if  our  reason- 
ing is  correct,  is  the  result  which  follows  a  diminution  of  tin  and  an 
increase  of  copper.     I  have,  in  another  place,  tried  to  illustrate  this 
subject  at  some  length,  and  will  not,  therefore,  at  this  time  dwell 
longer  upon  it,  except  to  say  that  in  the  only  case  in  which  we  have 
a  physical  test  of  these  alloys, — namely,  in  the  case  of  phosphor- 
bronze  and  the  experimental  alloy  "  B," — this  law  seems  to  be  fiiirly 
well    illustrated.     In    the    standard    phosphor-bronze,  the   ratio  of 
copper  to  tin  is  very  nearly  eight  to  one,  while  in  the  experimental 
alloy  "B"  the   ratio  of  copper  to  tin  is  about  nine  and  six-tenths 
to  one.     The  percentage  of  lead  in  phosphor-bronze  is  9.50  and  in 
the  experimental  alloy  "  B"  15  per  cent.     The  marked  influence  of 
these  changes  on  the  tensile  strength  and  elongation  is  very  clear. 
The  tensile  strength  is  cut  down  6000  pounds   per  square  inch,  or 
about  one-fifth,  and  the  elongation  is  increased  to  nearly  double  that 
of  phosphor-bronze.     I  will  add  for  information   that  the  experi- 
mental alloy  "B,"  with  a  slight   modification  so  as  to  enable  the 
foundry  to  use  the  large  quantities  of  phosphor-bronze  scrap  which 
the  Pennsylvania  Railroad  possesses,  and  which  results  in   giving 
from  0.10  to  0.20  per  cent,  phosphorus  in  the  finished  bearing, — the 
percentage  of  the  other  constituents  being  those  given  above, — is  now 
the  standard  bearing-metal  of  the  Pennsylvania  Railroad,  and  no 
information  has  been  obtained,  during  some  six  years  of  constantly- 
increasing  use  of  this  metal,  which  would  controvert  the  conclusion 
given  above,  that  the  experimental  alloy  "  Ji"  wears  more  slowly 
than  standard  phosphor-bronze.     It  is  possibly  hardly  necessary  to 
add  that  we  are  not  able  to  draw  from  our  experimental  work  in  the 
realm  of  alloys  any  other  conclusion  than  that  those  alloys  which 
are  least  brittle,  or,  expressed  in   technical  language,  which  have 
lower  tensile  strength  and   greater  elongation,  give  better  wear  as 
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bearing-metal  than  those  alloys  in  which  the  reverse  is  the  case,  or, 
in  other  words,  that  in  the  realm  of  the  alloys,  so  far  as  our  experi- 
ments have  gone,  the  same  thing  holds  trne  which  we  have  hereto- 
fore fonnd  in  regard  to  steel,  namely,  the  softer  metal  gives  the  better 
wear. 

A  few  points  further  in  regard  to  wear.  We  are  not  aware  that 
any  attempt  has  ever  been  made  to  formulate  the  variables  on  which 
wear  depends,  or.  in  other  words,  to  enunciate  a  theory  of  wear,  and 
it  is  entirely  possible  that  the  data  in  our  hands,  which  are  reliable 
enough  to  be  so  used,  are  not  at  all  sufficient  to  warrant  us  in  making 
such  an  attempt.  Our  observations,  however,  have  led  us  to 
philosophize  on  this  subject,  and  at  the  risk  of  saying  something 
which  future  experiments  may  very  greatly  modify,  or  possibly  show 
to  be  fallacious,  we  will  venture  to  state  a  few  of  the  variables  which 
enter  into  wear. 

Of  course,  wear  is  influenced  by  the  conditions  under  which  it 
takes  place,  but  it  is  not  our  purpose  to  discuss  these  variables  which 
may  fairly  enough  be  called  "concomitant  conditions."  We  will 
therefore  not  discuss  lubrication,  pressure,  speed,  temperature,  roll- 
ing friction,  or  abrasion,  nor  indeed  the  nature  of  the  two  metals 
rolling  or  sliding  over  each  other,  but  will  confine  ourselves  wholly 
to  the  qualities  of  metal,  which,  all  other  things  being  equal,  give 
least  loss  of  substance  by  wear  under  the  same  service.  To  our 
minds  we  are  justified  in  assuming  that  at  least  three  elements  enter 
into  the  problem  of  wear. 

1.  That  metal  which  will  suffer  the  most  distortion  without  rupt- 
ure will  wear  best.  This  quality  of  metal  is  usually  measured  or 
expressed  in  figures  by  the  well  known  physical  "  elongation "  or 
stretch  before  rupture  in  the  common  physical  test.  Possibly  we 
pos.sess  more  experimental  data  on  this  point  than  on  any  other  of 
the  variables  which  enter  into  wear.  If  we  may  trust  the  data 
which  we  have  brought  forward,  and  the  conclusions  drawn  from 
them,  in  all  cases  the  greatest  elongation  is  accompanied  by  the  best 
wear;  or,  according  to  the  law,  that  metal  which  is  characterized 
by  the  greatest  power  to  resist  distortion  without  rupture  will  wear 
best. 

2.  The  first  variable  being  obtained  in  satisfactory  amount,  an 
increase  in  tensile  strength  will  add  to  the  wearing-power  of  the 
metal.  The  diminution  of  tensile  strength,  which,  according  to  our 
data,  is  characteristic  of  the  better  wearing-metals,  is  not  in  itself, 
if  we  are  correct,  a  desirable  quality.     It  is  a  concomitant  of  most 
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metals  that  as  they  increase  in  power  of  elongation,  or  stretch,  before 
rupture,  they  diminish  in  tensile  strength.  If,  on  the  other  hand,  a 
new  metal  could  be  found,  which,  with  any  given  elongation,  was  char- 
acterized by  a  higher  tensile  strength  than  some  old  and  well-known 
metal  with  the  same  elongation,  the  new  metal  would,  if  the  theory 
is  correct,  wear  better  than  the  old  one.  It  is  not  difficult  to  see  why 
an  increase  in  tensile  strength  should  be  valuable  in  assisting  wear, 
provided  the  power  of  distortion  before  rupture,  is  not  interfered 
with.  Wear,  as  we  understand  it,  is  the  tearing  off  of  minute  par- 
ticles, and  if  in  one  case  it  requires  more  force  to  tear  off  the  |)articles 
than  in  another,  the  wear  in  that  case  will  be  slower.  We  have,  we 
think,  a  few  experimental  data  which  point  in  this  direction.  The 
wear  of  bearings  per  thousand  miles,  is  about  three  times  as  fast  as 
the  wear  of  axles;  in  other  words,  as  has  already  been  stated,  the 
standard  ])hosphor-bronze  bearing-metal  loses  about  a  pound  for  each 
25,000  miles  that  the  bearing  moves.  The  axle  under  it  loses  about 
a  pound  for  each  75,000  miles,  but  the  metal  of  the  axle  is  from  two 
to  three  times  as  strong  per  square  inch,  and  its  elongation  is  also 
somewhat  higher  than  the  bearing-metal  alloy. 

3.  The  third  variable  which  enters  into  wear,  as  we  look  at  it,  is 
what  may  perhaps  be  termed  the  "  granular  structure  of  the  metal." 
This  may,  perhaps,  best  be  illustrated  by  saying  that,  of  two  metals 
which  have  the  same  tensile  strength  and  the  same  elongation,  the 
one  which  is  finer  in  granular  structure  will  wear  the  slower.  This 
we  think  will  be  evident  by  returning  to  our  conception  of  what 
wear  is — namely,  the  tearing-oflf  of  minute  particles  from  the  worn 
body.  If,  now,  at  each  rupture  of  a  particle  of  metal,  the  particle 
torn  off  is  in  one  case  twice  as  large  as  in  the  other,  the  wear  will  be 
twice  as  rapid,  and  we  assume  that,  other  things  being  equal,  the 
granular  structure  represents  the  size  or  fineness  of  the  particles  torn 
off  at  each  operation  during  wear.  We  have  only  a  few  experi- 
mental data  on  this  point.  It  is  generally  believed  by  those  who 
have  a  chance  to  make  observation  that  what  is  known  as  case- 
hardened  iron  wears  better  then  either  the  wrought-iron  from  which 
it  is  made  or  than  ordinary  hammered  steel  of  approximately  the  same 
carbon  content.  It  has  also  been  observed  that  case-hardened  metal 
is  always  characterized  by  an  extremely  fine  granular  structure,  as 
evidenced  by  the  fracture.  This,  of  course,  is  only  an  observation 
and  cannot  be  taken  as  proving  very  much.  It  is  also  entirely 
possible  that  the  influence  of  what  is  technically  known  as  "temper- 
ing," on  wear,  may  appear  in  the  effect  of  the  temper  on  the  granular 


THE    WEAR    OF    METAL.  909 

structure.     The   field  is,  of  course,  too  void  of  experiment  and  too 
little  known  to  warrant  anything  more  than  suggestions. 

The  relation  and  interaction,  so  to  speak,  of  the  three  variables 
mentioned  above  is,  of  course,  quite  an  uid<nown  field.  We  are 
inclined  to  think  that  the  ex])eriniental  data  which  have  been 
obtained  point  clearly  to  the  conclusion  that  the  increase  in  tensile 
strength  at  the  expense  of  elongation  is  disastrous,  as  far  as  wear  is 
concerned.  An  increase  in  tensile  strength  with  an  increase  in  elon- 
gation would  unquestionably,  we  think,  be  valuable.  The  influence 
of  the  structure  or  granular  condition  may  be  even  more  important 
tiian  either*  elongation  or  tensile  strength.  Of  course  the  data  do 
not  warrant  any  conclusions,  but  it  seems  not  at  all  improbable  that 
the  size  of  the  particle  torn  off,  each  time  that  one  is  torn  off,  may  be 
the  most  important  variable  in  the  rate  of  wear.  It  is  also  not  impro- 
bable that  if  some  method  of  measuring  the  granular  structure  of 
metal,  and  rightly  estimating  its  influence  on  wear,  were  known,  this 
information  would  go  far  toward  explaining  many  of  the  anomalous 
cases  of  wear,  whic-h,  if  our  experience  is  worth  anything,  are  almost 
universal  accompaniments  of  experiments  in  this  field. 

The  whole  subject  of  the  relation  between  wear  and  the  chemical 
and  physical  properties  of  metal  needs  study  and  positive  experi- 
ment, and  it  is  quite  possible  that  much  of  what  we  are  accustomed  to 
rely  on  at  the  present  moment  may  be  upset  or  overthrown  by  wider 
knowledge.  The  best  we  can  say  at  present  is  that,  with  the  light 
which  we  have,  the  highest  tensile  strength,  accompanied  by  the 
highest  elongation  and  the  finest  granular  structure,  ai'e  the  physical 
properties  which  will  probably  give  the  best  results  in  actual  service 
where  the  metal  is  subjected  to  wear,  and  that  that  chemistry  which 
will  give  these  results  in  the  finished  })roduct,  be  it  in  the  realm  of 
the  alloys,  or  in  the  magnificent  field  of  steel  metallurgy,  or,  pos- 
sibly, in  the  coming  field  of  a  metallurgy  based  on  aluminum,  is 
the  best  chemistry  which  we,  at  the  present  moment,  are  able  to 
recommend. 

Discussion. 

Sir  Lowthian  Bell,  Middlesbrough,  England:  It  happens 
that  the  President,  Sir  James  Kitson,  and  myself  are  members  of 
the  locomotive  committee  of  the  North  Eastern  Railway,  a  road  1500 
miles  in  length,  and  therefore  affording  ample  scope  for  any  inquiry 
bearing  upon  the  question  now  submitted  to  this  meeting.  I  entirely 
agree  with  Dr.  Dudley  in  the  difficulty  of  assigning  a  true  cause  for 
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the  differences  which  are  observed  in  the  wear  of  rails.  Upon  the 
North  Eastern  Railway  we  followed  at  tirst  the  advice  given  by  the 
rail  manufacturers,  viz.,  to  keep  the  carbon  low,  thinking  that  the 
softer  the  steel,  the  stronger  the  rails  would  be,  and  we  continued 
not  to  exceed  0.3  to  0.4  per  cent,  of  carbon.  Our  engineer  at  the 
time  (a  gentleman  of  great  experience,  and  greatly  respected  for  the 
use  he  had  made  of  that  experience)  and  several  members  of  the 
committee,  including  myself,  frequently  discussed  the  question 
whether  we  might  not,  with  advantage  to  the  railway,  raise  the 
quantity  of  carbon  in  the  steel  with  a  view  to  increasing  its  hard- 
ness, and,  as  we  hoped,  increasing  its  resistance  to  wear  upon  the 
track.  At  length,  at  our  advice,  the  Board  of  Directors  consented 
that  our  rails  should  be  raised  from  0.3  and  0.4  to  0.5  per  cent,  of 
carbon,  and  for  some  years  past  they  have  been  guaranteed  by  the 
makers  to  contain  that  quantity  of  carbon.  We  have  not,  however, 
had  sufficient  exjierience  to  enable  us  to  pronounce  positively  as  to 
the  benefit  of  the  change.  Though  the  question  may  seem  a  very 
simple  one,  it  is,  in  fact,  replete  with  difficulty.  For  purposes  of 
comparison  the  conditions  to  which  the  rails  are  exposed  should  be 
exactly  the  same  in  every  case,  but  in  this  lies  a  great  practical  diffi- 
culty. Dr.  Dudley  cites  the  wear  of  rails  during  a  certain  number 
of  years  upon  the  New  York  and  New  England  Railroad.  If  we 
were  to  collect  the  statistics  of  our  own  line  in  that  way  we  should 
obtain  very  discordant  results,  not  only  because  the  traffic  upon  our 
line  has  assumed  very  much  larger  proportions,  but  because  we  have 
greatly  increased  the  weight  of  our  locomotive-engines,  which,  .so  far 
as  wear  is  concerned,  is  perhaps  of  much  more  consequence.  Hav- 
ing this  constant  change  of  conditions  in  view,  I  was  anxious  to 
establish  some  rapid  mode  of  a.scertaining  the  relative  wear  of  rails 
of  diffisrent  compositions,  and  accordingly  the  superintendent  of  our 
locomotive-department  constructed  a  machine  with  which,  by  the 
rapid  revolution  of  a  wearing-surface, — like  a  kind  of  grindstone, — 
we  might,  in  a  few  weeks,  compare  the  results  of  actual  loss  in  weight 
of  the  rail.  Perfect  success  has  not  yet  attended  our  investigations 
with  this  contrivance,  but  I  am  not  going  to  relinquish  them  on  that 
account. 

I  have  heard  with  great  surprise  that  the  carbon  in  American 
locomotive-tires  is  as  high  as  0.6  to  0.7  percent.  8o  far  as  I  know, 
we  have  no  tires  running  upon  the  North  Eastern  Railway  of  P^ng- 
land  which  contain  much  more  than  half  that  quantity.  Our  loco- 
motive-tires run  at  about  0.45  per  cent,  and  our  wagon-tires  at  0.35 
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per  cent,  of  carbon.  If  an  analysis  of  such  high-carbon  tires  as  those 
mentioned  by  Dr.  Dudley  were  brought  before  our  locomotive  com- 
mittee, we  should  feel  somewhat  alarmed  as  to  the  possible  results 
of  their  use.  However,  it  is  perhajis  premature  to  declare  any 
opinion  very  strongly  upon  that  subject  until  we  have  had  more 
experience. 

We  keep  a  record  of  all  our  broken  rails.  Our  line,  as  I  have 
mentioned,  is  about  1500  miles  long,  and  of  that  stretch  something 
like  1400  miles  are  laid  with  steel  rails.  Whenever  a  rail  is  frac- 
tured it  is  brought  into  the  chemical  laboratory  of  the  company  and 
submitted  to  an  accurate  analysis;  yet  I  agree  entirely  with  Dr. 
Dudley,  that  all  the  chemical  information  we  have  secured  up  to 
this  time  has  failed  to  elucidate  the  cause  of  the  fractures.  I  am 
inclined  to  believe  that  it  may  be  due  rather  to  the  existence  of  that 
critical  condition  or  that  critical  point  of  the  rail — arising  perhaps 
from  too  sudden  or  too  slow  cooling — which  depends  on  questions  in 
no  way  related  to  chemical  composition. 


J  HE  IN;^PECTION  OF  MATEEIALS  OF  CONSTRUCTION  IN 
THE  UNITED   STATES. 

BY   GEO.  H.  CLAPP  AND  ALFRED   E.  HUNT,  PITTSBURGH,  PA. 

(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Steel  Institute, 
October,  1S90.) 

The  great  advantage  to  be  gained  by  a  careful  inspection  of  all 
materials  used  in  construction,  in  regard  to  safety  and  permanency, 
and  to  accuracy  of  workmanship,  has  been  longer  recognized  in 
Great  Britain  and  on  the  Continent  than  in  America.  This  is  prob- 
ably owing  to  the  way  in  which  great  enterprises  have  been  "  rushed" 
in  the  United  States.  Time  and  cheap  first  cost,  in  too  many 
instances,  have  been  considered  of  more  importance  than  absolute 
safety  and  durability ;  the  structures  being  afterwards  strengthened 
if  this  was  found  necessary. 

This  has  been  most  noticeable  in  railroads  built  through  ''new" 
country,  where  the  object  in  view  has  been  to  reach  the  terminal 
point  and  get  to  work.  These  "  loose  "  methods  are  now  being  very 
largely  done  away  with,  and  a  large  proportion  of  the  structures 
lately  built  are  not  only  carefully  inspected   during   the  process  of 
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manufacture  of  the  iron  or  steel,  but  also  during  the  working  and 
assembling  at  the  bridge  shop,  and  while  the  erection  is  going  on; 
the  manufacturers,  in  many  cases,  by  the  terms  of  the  specifications, 
not  being  relieved  from  the  chance  of  rejection  until  the  final  accept- 
ance of  the  finished  structure  after  erection.  The  reasons  calling 
for  this  increased  care  in  inspection,  such  as  increase  of  traffic  and 
rolling  loads  on  railroads,  heavier  and  more  substantial  buildings, 
etc.,  have  been  so  thoroughly  discussed  before  the  different  engineer- 
ing societies  that  it  is  unnecessary  to  take  them  up  here,  the  object 
of  this  paper  being  to  show  the  different  requirements  that  iron-  and 
steel-makers  in  America  are  called  upon  to  meet,  and  which  British 
and  Continental  makers  as  well  have  occasionally  been  called  upon 
to  fulfil  for  American  orders. 

The  practice  of  having  structural  material  inspected  has  increased 
a  great  deal  within  the  last  few  years  in  the  United  States,  until  at 
present  the  very  largest  share  of  all  structural  materials  for  bridges, 
boilers,  or  buildings  is  now  ordered  subject  to  inspection,  and  tiiere 
are  several  firms  who  make  the  inspection  of  iron  and  steel  a 
specialty.  Formerly  a  great  many  railroad  companies,  when  they 
required  any  inspection  at  all,  sent  out  some  of  their  office-force,  fre- 
quently young  men  with  absolutely  no  knowledge  of  iron  and  steel 
whatever,  men  who  could  not  explain  the  terms  of  the  specifications 
under  which  they  were  expected  to  work.  Their  inspection  was  ou 
a  par  with  their  ignorance,  and  consisted  principally  in  making 
trouble  for  the  mills.  Several  railroad  companies  now  maintain 
regular  corps  of  inspectors,  who  are  under  the  direct  supervision 
of  the  chief  engineers,  the  general  superintendents,  or  the  super- 
intendents of  bridges  and  buildings.  Of  the  private  inspecting  firms, 
the  successful  ones  are  mainly  those  whose  members  have  served 
their  apprenticeship  either  in  iron-  and  steel-works  or  at  the  large 
bridge-works;  and  as  they  have  their  own  men  constantly  located 
at  all  of  the  principal  structural  and  rail-mills,  most  of  the  railroad 
companies  find  it  more  economical  and  convenient  to  employ  them. 
Being  constantly  at  the  mills,  they  also  become  more  thoroughly 
acquainted  with  individual  peculiarities  at  the  various  locations,  and 
can  thus  work  with  less  friction.  Several  of  the  larger  works  have 
provided  offices  exclusively  for  the  inspectors,  where  there  are  desks 
at  which  they  can  do  their  clerical  work,  and,  if  permanently  located 
at  the  works,  keep  their  onlei*-  and  re{)()rt-books  locked  up. 

The  growth  of  inspection  has  also  necessitated  the  use  of  accurate 
and   rapid    means  of  measuring  and  calculating,  so  that  all  well- 
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equipped  testing-rooms  are  now  provided  with  standard  micrometer- 
gauges,  calipers,  and  steel  rules,  tables  of  diameters  and  areas,  fre- 
quently tabulated  in  such  a  way  that  the  percentage  of  reduction  of 
area  can  be  read  at  a  glance.  Another  almost  universal  equipment 
is  the  "Thacher  Slide  Rule,"  with  which  probably  most  of  the 
members  are  familiar,  as  it  w^as  fully  described  in  a  paper  read  some 
years  ago  before  the  British  Association  for  the  Advancement  of 
Science,  by  Mr.  W.  F.  Stanley. 

As  regards  the  requirements  of  testing,  there  is  a  growing  tendency 
among  engineers  towards  uniformity,  largely  brought  about  by  the 
publication  of  "  Standard  Specifications"  by  such  well-known  en- 
gineers as  Theo.  Cooper,  C.  C.  Schneider,  J.  A.  L.  Waddell,  and 
others;  Mr.  Cooper's  specifications,  in  particular,  having  been 
adopted  by  a  great  many  railroad  companies  and  by  County  Com- 
missioners for  highway  work. 

The  general  specifications  given  below  are  an  average  com- 
piled from  those  mentioned  above,  and  from  the  specifications  of 
some  of  the  largest  railroads,  all  strains  being  referred  to  in  terms  of 
pounds  'per  square  inch,  instead  of  tons  per  square  inch,  as  the 
former  has  become  the  universal  custom  in  the  United  States. 

General  Specifications. 

Complete  facilities  for  inspection  of  material  and  workmanship 
must  be  given  by  the  contractor,  and  specimens  for  testing,  and  the 
necessary  labor,  shall  be  furnished  by  him,  without  charge. 

The  acceptance  of  any  materials  or  manufactured  members  by  the 
inspector  shall  not  prevent  their  subsequent  rejection,  if  found  de- 
fective after  delivery,  and  any  rejected  material  shall  be  replaced  by,, 
and  at  the  expense  of,  the  contractor. 

Material  to  be  tested  shall  be  of  full-sized  section  wherever  prac- 
ticable, or  in  bars  or  strips  of  at  least  0.50  square  inch  in  sectional 
area,  and,  where  possible,  should  be  at  least  18  inches  long,  aind 
have  two  opposite  sides  left  as  they  came  from  the  rolls.  Test- 
pieces  should  not  be  cut  from  short  crop-ends,  as  they  almost  invari- 
ably contain  flaws  that  cause  erroneous  results. 

A  duplicate  specimen  of  each  bar  or  strip  to  be  tested,  except  in 
the  case  of  full-sized  bars  or  members,  shall  be  bent  cold  until  it 
commences  to  rupture,  or  through  an  angle  of  180°  around  a  cylin- 
der having  a  diameter  specified  for  each  kind  of  material,  or  until 
the  sides  are  in  contact.  The  bending  must  stop  at  the  first  indica- 
tion of  fracture. 
VOL.  XIX. — 58 
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Test-specimens  must  not  be  annealed,  heated,  hammered,  forged, 
or  otherwise  treated,  except  where  specified  in  the  contract ;  but 
shall  fairly  represent  the  quality  of  material  to  be  tested. 

The  testing-machine  used  by  the  contractor  shall  be  compared  with 
a  standard  testing-machine,  and  if  the  results  vary,  the  contractor's 
machine  shall  be  corrected  until  the  tests  show  that  the  machines 
accord. 

Wherever  full-sized  wrought-iron  eye-bars  are  tested,  the  material 
shall  be  allowed  a  reduction  of  1000  pounds  in  ultimate  strength, 
and  of  2  per  cent,  in  reduction  of  area,  for  each  additional  inch  of 
sectional  area  over  4^  square  inches,  down  to  a  minimum  of  46,000 
pounds  per  square  inch,  and  15  per  cent,  in  reduction  of  area.  Such 
bars  shall  have  an  elongation  of  10  per  cent,  in  their  whole  length 
when  the  sectional  area  is  under  4^  square  inches,  and  of  8  per  cent, 
when  the  sectional  area  is  over  4|  square  inches. 

In  the  selection  of  eye-bars  or  tension-rods  for  full-sized  tests  to 
destruction,  the  inspector  shall  select  from  fairly  representative  bars 
of  tlie  whole  lot,  and  shall  cause  to  be  made  under  his  personal 
supervision,  three  eye-bars  or  rods  of  each  size  and  lot  to  be  tested  ; 
from  these  bars  he  shall  select  one  for  testing.  All  of  the  test-bars 
must  be  made  in  the  same  way  as  the  lot  which  they  are  to  represent. 

If  the  full-sized  tests  are  satisfactory,  the  bars  shall  be  paid  for  at 
the  contract  price,  less  their  scrap  value,  by  the  owners  of  the  bridge 
or  parties  ordering  the  tests  to  be  made.  If  they  do  not  stand  the 
specified  tests,  they  will  be  considered  rejected  material,  and  will  be 
solely  at  the  cost  of  the  contractor. 

Specifications  for  "Wrought-Iron. 

All  wrought-iron  shall  have  an  elastic  limit  of  not  less  than 
25,000  pounds  per  square  inch,  and  must  be  tough,  fibrous  and  uni- 
form in  character,  neutral  in  quality  and  completely  welded  in  roll- 
ing, and  must  have  a  workmanlike  finish.  It  must  be  free  from 
injurious  seams,  especially  such  as  run  across  the  fiber,  and  must 
have  no  blisters,  buckles,  cinder-spots,  rough  or  imperfect  edges,  or 
deep  creases  from  tool  or  roll-guide  marks. 

The  finished  iron  must  be  straight,  and  out  of  wind,  and  must 
not  have  over  3  per  cent,  of  variation  between  the  actual  and  the 
estimated  weights. 

All  wrought-iron,  when  nicked  and  broken  at  a  temperature  of 
over  50°  Fahr.,orwhen  pulled  apart  in  testing-machines,  must  show 
a  clean  fibrous  structure,  except  in  the  case  of  the  webs  of  shape-iron, 
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which  may  be  allowed  to  exhibit  as  much  as  30  per  cent,  crystalline 
in  the  fracture. 

The  finished  iron  must  show  no  evidence  of  butt-welds,  and  the 
piles  for  the  wide  bars  must  have  the  top  and  bottom  covers,  and 
for  bars  of  over  one  inch  in  thickness,  at  least  one  other  bar  in  the 
center  of  the  pile  double-rolled  and  extending  over  the  entire  length 
and  width  of  the  pile.  Wherever  bars  of  less  width  tiian  the  entire 
pile  are  used,  the  joints  shall  be  well  broken  in  the  piling.  Mate- 
rial cut  too  close  to  the  crop-ends  will  not  be  accepted. 

All  wrought-iron  used  in  tension,  except  wide  plates,  shall  be 
made  from  "double"  or  "single"  rolled-iron  piling-pieces. 

Wide  plates  may,  and  preferably,  should  have  a  few  alternate  layers 
of  muck-bar  laid  crosswise  and  extending  completely  across  the  pile. 

Wherever  single-rolled  iron  and  iron  made  from  piling  scrap,  or 
from  re-rolling  old  rails,  is  to  be  used,  the  items  in  which  it  will  be 
permissible  shall  be  individually  specified  in  the  contract. 

Specifications  for  Tension-Iron. 
All  material  subject  to  alternate  compression-  and  tension-stress 
shall  be  considered  as  in  tension. 


Kind  of  Material. 

Tensile  Tests. 

Cold-Bending  Tests. 
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All  iron  must  come  up  to  the  requirements  expressed  in  the  fore- 
going table,  in  test-specimens  cut  from  the  finished  material. 

Earlier  specifications  made  a  difference  in  the  requirements  be- 
tween material  to  be  used  in  compression  and  in  tension,  with  the  in- 
tention of  ordering  for  compression-members,  in  the  case  of  iron,  a 
poorer  quality,  not  as  high  in  tensile  strength  and  ductility,  and  in 
the  case  of  steel,  a  harder  material  much  higher  in  tensile  strength 
and  with  considerably  less  ductility,  than  for  tension-steel.  The 
great  difficulty,  however,  in  keeping  these  various  grades  separate, 
and  the  serious  error  of  having  the  mills  furnish  one  class  of  mate- 
rial to  be  used  in  the  place  of  the  other,  has  occasioned  the  abandon- 
ment, by  most  engineers,  of  the  differing  requirements  for  tension 
and  compression  members.  However,  some  engineers  of  late  have 
been  ordering  three  grades  of  steel,  which  can  readily  be  kept  sepa- 
rate in  ordering,  namely,  the  material  for  the  trusses  of  the  highest 
ductility  and  tensile  strength,  the  latter  ordinarily  running  from 
65,000  pounds  to  75,000  pounds ;  the  material  for  the  floor-system 
of  medium  steel  of  greater  ductility  and  of  lower  tensile  strength, 
from  60,000  to  70,000  pounds;  and  for  rivet-steel,  material  of  not 
over  60,000  pounds  tensile  strength.  The  great  majority  of  speci- 
fications in  the  United  States,  however,  only  require  two  grades  of 
steel,  that  for  the  main  members  of  the  structure  being  all  of  one 
kind,  the  only  exception  being  the  softer  steel  used  for  rivet-rods. 

Specifications  for  Rivet-Iron. 

Rivet  iron  shall  be  subject  to  the  same  requirements  as  tension- 
iron  of  the  same  section,  and  shall  further  be  capable,  without 
cracking  or  serious  abrasion,  of  being  heated  to  a  good  forging-heat, 
and  made  up  either  by  machine  or  hand-work  into  rivets,  and  of 
again  being  heated  to  a  good  red  heat,  forged  as  in  riveting,  allowed 
to  cool,  and  upon  being  nicked  and  cut  out  of  the  work,  must  show 
good,  tough,  fibrous  structure,  without  any  crystalline  appearance. 
Rivet-iron  shall  especially  be  required  to  be  neutral  in  character 
and  tough  in  fibre  after  being  riveted,  and  to  flow  well  in  riveting. 

Specifications  for  Cast-Iron. 

All  cast-iron  used  in  compression  must  be  of  best  quality — tough 
gray  iron — and  must  be  able,  in  bars  of  1  inch  square  and  5  feet 
length,  and  when  supported  by  knife  edges  4  feet  6  inches  apart,  to 
carry  a  load  of  500  pounds  applied  at  the  center,  without  rupture, 
and  without  a  deflection  of  more  than  2  inches. 
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The  specifications  above  stated  give  substantially  all  of  the  re- 
quirements in  regard  to  iron,  excepting  that  some  engineers  permit 
the  use  of  a  little  steel  scraj>  in  piling,  while  others  will  condemn 
material  showing  the  slightest  indication  of  steel  having  been  used. 
The  use  of  steel  will  require  much  more  elaboration,  owing  to  the 
different  requirements  of  engineers,  some  merely  specifying  "  steel " 
with  certain  physical  requirements,  while  others  prescribe  the  chemi- 
cal requirements  and  the  method  of  manufacture  as  well,  making 
the  specifications  very  rigid  and  difficult  of  fulfilment;  in  fact,  some 
of  the  recent  specifications  have  been  so  "  stiff"  that  the  manufac- 
turers have  thrown  up  the  contract  after  getting  started. 

Specifications  for  Steel. 

The  method  of  manufacture  of  the  steel,  whether  by  the  Bessemer 
open-hearth,  or  crucible  processes,  shall  be  distinctly  specified  in  the 
contract  for  each  item  of  material. 

Each  ingot  designed  to  be  used  in  the  contract  shall  be  plainly 
marked  with  the  blow-  or  heat-number  in  the  case  of  Bessemer  or 
open-hearth  steel,  and  afterwards  this  heat-  or  blow-number  shall  be 
stamped  upon  each  piece  of  finished  material  rolled  from  it,  and  a 
portion  of  a  full-sized  ingot,  from  each  heat  or  blow  to  be  used,  shall 
be  rolled  into  a  test-bar  f  inch  in  diameter.  The  method  of  obtain- 
ing the  f-inch  round  test-bar  shall  be  the  same  with  all  of  the  heats 
or  blows  tested,  and  shall  represent  in  the  |-inch  round  the  amount 
of  work  in  the  finished  product  as  far  as  is  practicable. 

These  bars  are  to  be  truly  round  and  finished  at  a  uniform  dark 
orange  heat,  arranged  to  cool  uniformly  and  without  any  danger  of 
hardening,  from  cool  draughts  of  air,  being  laid  on  damp  ground,  or 
the  like,  and  if  any  of  these  bars  pi'ove  unsatisfactory  in  tests,  the 
whole  blow  or  heat  represented  by  such  defective  bars  shall  be 
rejected. 

Each  heat  or  blow  of  steel  to  be  used  shall  be  tested  first  in  the 
|-inch  round  test-bar,  both  in  tensile  and  bending  tests  required,  and 
afterwards  in  sjiecimens  to  be  cut  from  the  finished  material ;  pro- 
vided that  the  number  of  such  tests  shall  not  be  over  four  in  all  for 
each  melt  or  blow,  including  the  test  in  |-inch  round. 

The  tests  first  made  on  the  |-inch  test-bars  must  exactly  conform 
to  the  requirements  of  the  specifications.  The  tensile  tests  made 
from  the  finished  steel  will  be  accepted  if  they  give  results  within  4 
per  cent,  of  the  requirements  of  the  specifications. 

If  drillings  taken  from  any  portion  of  the  finished  material,  or 
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from  the  |-inch  round  test-bars  do  not  satisfactorily  answer  the  chemi- 
cal requirements  of  the  specifications,  the  whole  charge  or  blow  is  to 
be  rejected,  unless  it  shall  be  proved  that  the  defect  was  caused  by 
the  particular  ingot  or  bloom  having  been  "  burned  "  in  heating. 

1^0  steel  shall  be  used  for  structural  purposes  which  contains  over 
0.08  per  cent,  phosphorus,  and  the  average  percentage  of  phosphorus 
of  the  steel  of  any  given  structure,  or  on  any  given  order,  shall  not 
exceed  0.07  per  cent. 

No  steel  shall  be  struck  with  a  hammer  or  worked  while  at  a  black 
heat. 

A  variation  in  cross-section  or  weight  of  rolled  material  of  more 
than  3  per  cent,  from  that  specified,  may  be  cause  for  rejection. 

Finished  bars  must  be  free  from  injurious  flaws  and  cracks,  and 
must  have  a  workmanlike  finish. 

Test-specimens  shall  bend  through  an  angle  of  180  degrees,  and 
close  down  upon  themselves  without  showing  a  crack  or  flaw, 
and  similar  bars  shall  have  an  ultimate  strength  of  from  58,000 
pounds  to  68,000  pounds  per  square  inch,  and  an  elastic  limit  of  not 
less  than  36,000  pounds  per  square  inch.  Tensile  test  specimens 
shall  elongate  at  least  2ti  per  cent,  in  8  inches,  and  show  a  reduction 
of  area  of  at  least  42  per  cent. 

Test-pieces  shall  be  of  at  least  J  square  inch  sectional  area,  and  cut 
lengthwise  from  finished  bars  or  shapes,  or  either  crosswise  or 
lengthwise  from  plates. 

All  steel  eye-bars  must  be  annealed  in  a  properly  constructed  fur- 
nace, and  all  eye-bars  must  show  the  same  degree  of  tenacity  and 
ductility,  proportioned  to  the  size  of  the  bar  and  different  manner  of 
testing,  that  the  steel  from  the  same  blow  or  melt  did  in  the  various 
specimen  tests  on  which  it  was  accepted  at  the  rolling-mill. 

Specifications  for  Rivet-Steel. 

All  rivet-steel  shall  be  subject  to  the  general  specifications  given 
above,  and  shall  further  be  capable,  without  cracking  or  serious 
abrasion,  of  being  heated  to  a  good  forging-heat,  and  made  up  either 
by  machine  or  hand-work  into  rivets,  and  of  again  being  heated  to 
a  gi)od  red  heat,  and  forged  or  pressed  as  in  riveting,  and  allowed 
to  cool ;  and  upon  being  nicked  and  cut  out  of  the  work  it  is  in, 
must  show  a  good,  tough,  silky  structure  with  no  crystalline  ai)pear- 
ance.  Rivet-steel  especially  shall  be  neutral  in  character  and  pure 
in  composition,  and  shall  flow  well  in  riveting. 

Rivet-steel  should  hot  have  over  0.15  per  cent,  carbon,  and  must 
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not  have  an  nltiraate  strength  of  over  60  000  pounds  per  square 
incii,  and  must  have  an  elongation  of  at  least  25  per  cent,  in  8 
inches. 

Steel  rivets  should  not  be  heated  above  an  orange  color,  much  less 
than  the  heat  put  upon  iron  rivets,  which  are  heated  nearly  to  a 
lemon  color,  often,  without  apparent  injury. 

Government  engineers  and  many  other  engineers  are  requiring 
that  rivet-rods  shall  be  bundled  in  lots  of  a  ton  weight;  that  the 
steel  of  each  melt  shall  be  kept  separate,  and  have  a  metal  tag 
securely  fastened  to  each  bundle,  with  the  melt-number  of  the  steel 
stamped  upon  it ;  this  in  lieu  of  each  rod  being  stamped  with  the 
melt-number,  as  with  bars  of  larger  section. 

Rarely  have  specifications  for  steel  demanded  the  tests  of  the 
modulus  of  elasticity  (although  many  engineers  have  asked  for  these 
tests,  as  a  matter  of  record),  as  it  has  been  found  by  practice  that  the 
modulus  of  elasticity  varies  but  slightly  for  very  considerable  dif- 
ferences in  the  quality  of  structural  steel — that  is,  steel  from  55,000 
to  80,000  ])ounds  tensile  strength  runs  very  closely  alike  in  modulus 
of  elasticity,  and  can  be  safely  estimated  as  30,000,000,  whether  the 
steel  is  made  by  the  open-hearth  or  the  Bessemer  acid  or  basic 
process. 

In  addition  to  the  unannealed  specimens  cut  from  the  finished 
material,  it  is  becoming  a  widely  established  practice  to  require  a 
certain  number  of  annealed  specimens  of  the  finished  materials  to  be 
pulled.  This,  especially,  is  required  with  eye-bar  material,  to  pre- 
vent the  acceptance  of  material  which  would  be  too  soft  fairly  to 
fulfil  the  requirements  of  the  specification,  but  which  by  cold -rolling 
— that  is,  allowing  the  finishing  passes  to  be  made  on  the  metal  at  a 
very  dark  red-heat — will  show  a  considerable  increase  in  tensile 
strength,  the  metal  being  hardened  thereby  so  far  as  readily  to 
answer  the  requirements  of  the  specifications.  At  the  same  time, 
when  such  bars  are  sent  to  the  bridge-shops,  and  made  into  eye- 
bars  and  thereafter  carefully  annealed,  according  to  the  requirements 
of  all  bridge  specifications,  and  pulled  in  the  testing-machine,  the 
results  will  be  found  to  fall  far  below  the  specifications,  and  what 
should  be  expected  of  the  material  from  the  tensile  tests  of  the 
finished  material.  By  having  a  certain  number  of  specimens  cut 
from  the  full-sized  bar  and  annealed,  this  practice  on  the  part  of  the 
mills  is  prevented. 

Whenever  a  test-specimen  does  not  fairly  represent  the  average 
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lot  of  the  material,  it  is  the  practice  of  most  inspectors  to  allow  a 
second  test  to  be  made,  when,  owing  to  flaws,  the  first  test  is  mani- 
festly not  fair.  This  is  frequently  occasioned  by  cutting  the  test- 
specimens  from  the  ends  of  bars  which  have  been  cut  too  close  to  the 
crop-end.  In  such  cases  the  second  finished  material  test-{)ieces  are 
taken  by  cutting  actually  into  the  center  of  bars  to  be  furnished  for 
the  work,  thus  ensuring  that  the  test-pieces  are  average  specimens. 

The  requirement  for  maximum  content  of  phosphorus  allowed  in 
material  has  been  specified  differently  for  steel  manufactured  by  the 
various  methods,  the  highest  maximum,  from  0.08  per  cent,  to  0.10 
per  cent.,  being  allowed  in  acid  open-hearth  steel.  Most  engineers  are 
now  requiring  the  maximum  in  all  cases  to  be  less  than  0.08  per  cent., 
and  for  Bessemer  not  over  0.05  per  cent,  phosphorus.  Some  engineers 
are  requiring  the  average  of  Bessemer  to  be  less  than  0.04  per  cent., 
claiming  that  only  Bessemer  steel  of  this  degree  of  purity  can  at  all 
equal  in  uniformity  open-hearth  steel.  For  basic  open-hearth  steel 
the  requirements  still  vary,  and  basic  steel  has  not  been  in  use  long 
enough  to  have  the  practice  settled  as  to  what  should  be  the  require- 
ments of  the  specification.  We  believe,  however,  that  the  limit  will 
be  placed  at  0.04  per  cent,  for  basic  open-hearth  steel.  Our  experi- 
ence so  far  with  basic  open-hearth  steel  for  structural  purposes  has 
been  that  when  the  carbon  runs  down  to  0.15  per  cent,  if  the  basic 
operation  has  been  successfully  carried  out  in  the  melting-furnace, 
the  percentage  of  phosphorus  will  be  below  0.04  per  cent.,  and  that  if 
the  content  of  phosphorus  is  above  thi'*,  unless  the  higher  phosphorus 
comes  from  very  high-phosphorus  final  manganese  additions,  it  is 
liable  to  be  non-homogeneous,  and  the  steel  is  liable  to  show  unsat- 
isfactory results  under  tensile  tests;  and  this  is  an  evidence  that  either 
the  slag  was  not  completely  basic  during  the  melting-operation,  or 
that  the  temperature  in  the  open-hearth  furnace  was  un.satisfactory, 
and  the  working  irregular,  since  in  the  contrary  case  the  j)hosphorus 
would  have  been  reduced  below  0.04  per  cent,  before  the  carbon  had 
been  reduced  to  0.15  per  cent. 

Many  engineers  have  inserted  in  the  requirements  of  the  specifica- 
tions that  the  contractors,  in  placing  their  bids,  shall  specify  the 
maximum  and  minimum  limits  through  which  the  carbon  and  man- 
ganese shall  vary  in  the  steel  to  be  furnished,  and  also  the  maximum 
limit  of  the  sulphur,  j)hosphorus,  and  silicon. 

A  large  amount  of  the  steel  which  is  now  sold  subject  to  specifica- 
tions has  accompanying  the  invoice  a  chemical  report  of  the  per- 
centage of  carbon,  manganese,  and  phosphorus  of  each  melt  used   in 
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the  shipment,  which  report  is  furnished  by  the  manufacturer.  These 
analyses  are  certified  by  the  chemist  of  the  works.  Many  engineers 
require,  in  addition  to  this,  reports  of  check-analyses,  made  by  in- 
spectors or  chemists  to  be  selected  by  them,  of  one  sample  from  each 
five  or  ten  melts. 

Test-Pieces. 

Fig.  1  shows  the  standard  shapes  of  specimens  for  tensile  tests  of 
both  iron  and  steel. 

Some  of  the  railroads  adopt  test-pieces  of  2,  3,  4  and  5  inches 
between   shoulders,  but   the    majority  are    now    coming   round    to 

Fig.  1. 


□  No. 


No.  2. 


No.  3, 


o 


No.  4. 


-5*710  13' 


No.  5. 


Shapes  of  Specimens  for  Tensile  Tests. 

No.  1. — Sqnare  or  flat  bar,  as  rolled. 

No.  2. — Konnd  bar,  as  rolled. 

No.  3. — Standard  shape  for  flats  or  squares,  edges  smooth  and  true,  fillets  j-inch 
radius. 

No.  4. — Standard  shape  for  rounds. 

No.  5. — Government  shape  for  marine  boiler-plates  only.  Not  recommended  for 
other  tests,  as  results  obtained  by  this  shape  are  generally  in  error. 

the  above  standard  shapes,  as  drawn  by  Wm.  Kent,  M.E.,  some 
years  ago,  and  since  adopted  and  recommended  by  Prof.  R.  H. 
Thurston,  in  his  Materials  of  Engineering^  and  by  several  other 
writers  on  the  testing  of  iron  and  steel.  The  sizes  recommended  by 
Mr.  Kent  are : 

For  tool-steel,  either  \^  inch  (1.75  centimeter)  diameter,  or  f  square 
inch  (2.44  square  centimeters)  area ;   in  other  metals,  either  f  inch 
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(1.9  centimeter)  diameter,  or  .44  square  inch  (2.84  square  centi- 
meters) area. 

These  sizes  are  adapted  to  a  50,000-pound  testing-machine,  which 
is  the  size  of  machine  most  commonly  used  in  the  United  States, 
although  mills  putting  in  new  machines  are  largely  adopting  the 
100,000-  or  200,000-pound  sizes. 

The  form  of  test-pieces  generally  adopted  in  testing  iron  at  the 
mills  is  the  parallel-side  strip  about  16  to  20  inches  long,  as  it  is 
found  to  give  satisfactory  results,  and  is  much  cheaper  to  prepare 
than  the  turned  section.  Of  course,  large  squares  and  rounds  have 
to  be  turned  down,  and  it  is  found  that  in  so  doing  the  best  and 
strongest  part  of  the  metal  is  turned  off,  and  only  the  weak  center 
left,  which  point  we  do  not  think  is  recognized  so  generally  as  it 
should  be ;  and  frequently  iron,  which  in  full-size  section  would 
show  45,000  to  48,000  pounds,  runs  down  to  43,000  to  45,000 
pounds  in  the  turned  section.  For  this  reason  we  request  in  our 
own  specifications,  that  when  possible  "  two  opposite  sides  of  the 
test-piece  should  be  left  as  they  came  from  the  rolls." 

One  advantage  in  the  straight-side  test-piece  is  that,  no  matter 
where  it  breaks,  the  elongation  in  8  inches  can  be  taken ;  while  in  a 
turned  specimen,  8  inches  between  shoulders,  if  it  break  at  the  fillet, 
there  is  no  way  of  measuring  elongation,  and  the  record  is  incom- 
plete. 

It  has  become  a  very  general  practice  among  engineers,  in  specify- 
ing the  quality  of  steel  to  be  used,  to  require  a  preliminary  test  of 
the  material,  the  test-piece  for  which  shall  be  of  such  a  size  as  fairly 
to  represent  the  amount  of  work  done  on  the  finished  material. 
This  test-piece  is  taken  in  the  same  manner  in  all  cases,  being  cast 
directly  from  the  ladle  into  a  small  ingot  4  inches  square  and  1  foot 
long,  usually  when  the  ladle  is  about  half-emptied.  These  test- 
ingots  are  then  treated  as  nearly  as  possible  in  a  uniform  manner  as 
regards  time  of  reheating,  rolling,  and  allowing  to  cool,  special  care 
being  observed  in  this  last  step  that  there  may  be  no  tempering 
caused  by  the  bars  being  exposed  to  draughts  of  cold  air  or  from  being 
laid  on  damp  or  wet  places.  At  a  great  many  mills  troughs  are 
placed  near  the  rolls,  filled  with  dry  sand,  on  which  the  bars  are 
laid  to  cool. 

With  these  precautions  the  test-specimens  are  supposed,  in  each 
case,  fairly  to  represent  the  ijuality  of  the  material;  and  the  re- 
quirements of  the  specifications  are,  that  the  steel  of  these  preliminary 
test-bars  shall  exactly  answer  the  specifications,  further  provision 
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being  made  that  tests  of  the  steel  of  each  melt  shall  be  made  on  bars 
cut  from  each  largely  varying  section  into  which  the  steel  of  each 
melt  is  rolled,  an  allowance  being  made  in  many  cases  of  4  per  cent. 
In  some  specifications  the  amount  of  variation  is  left  to  the  discre- 
tion of  the  inspector,  with  the  statement — ''A  reasonable  allowance 
shall  be  made  in  these  tests  taken  from  the  finished  material  for  the 
variation  in  section." 

The  intention  of  the  engineers  who  draw  up  their  specifications  in 
this  way  is  to  obtain  for  their  structures  steel  as  closely  as  possible 
uniform  in  its  chemical  composition  and  uniform  under  tests  made 
under  like  conditions. 

The  specifications  usually  state  that  the  steel  shall  be  cast  into 
test-ingots  of  4  inches  square,  of  a  length  of  about  1  foot,  and  that 
the  test-ingot  shall  be  cast  in  a  mould  as  uniformly  as  possible  in 
method,  when  about  one-half  of  the  metal  has  been  cast  out  of  the 
ladle,  the  ingots  to  be  rolled  usually  upon  a  9-inch  mill  to  bars  of 
|-inch  round.  This  test  is  usually  spoken  of  in  America  as  the 
"preliminary  |-inch  round  test." 

This  system  of  requiring  a  "preliminary  |-inch  round  test"  from 
which  the  original  selection  of  the  material  will  be  made  has  been 
objected  to  by  many  of  the  large  contractors  and  steel-manufacturers. 
They  claim  that  the  f-inch  round  test  does  not  fairly  represent  the 
quality  of  the  material,  in  that  a  small  4-inch  square  ingot  is  a  very 
difficult  ingot  to  obtain  sound,  and  that  flaws  are,  therefore,  very 
apt  to  occur  in  the  f-inch  round  test-specimens. 

This,  however,  has  not  been  our  experience,  and  this  statement  we 
make  from  a  very  large  experience  with  the  |-inch  round  test.  Our 
records  show  no  more  flaws  in  the  |-inch  round  tests  than  in  the 
tests  cut  from  the  finished  material.  Of  course,  where  such  flaws 
do  exist,  second  or  further  specimens  are  pulled,  until  a  sound  speci- 
mea  is  obtained.  Again,  this  objection  seems  to  us  to  be  begging  the 
main  question,  which  is  upon  the  advisability  of  a  uniform  pre- 
liminary test,  and  not  as  to  whether  the  test-ingot  for  this  test  should 
be  cast  in  a  4-inch  ingot  mould  or  in  a  larger  mould  for  the  sake  of 
securing  a  sounder  ingot. 

A  further  objection  is  that  these  f-inch  round  test-pieces  are  very 
liable  to  be  cold-rolled,  or  to  be  hardened  by  too  rapid  cooling. 

This  argument,  it  seems  to  us,  is  one  that  only  refers  to  careless 
work.  If  proper  precautions  are  taken  to  have  these  |-inch  round 
test-pieces  rolled  and  afterwards  cooled  uniformly,  they  can,  we 
believe,  be  obtained  much  more  uniform  than  the  average  of  test- 
pieces  cut  from  the  finished  material. 
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The  argument  of  the  extra  expense  of  the  f-inch  round  test  does 
not  seem  to  us  to  be  valid,  if  the  advantages  to  be  obtained  from  it  are 
taken  into  consideration,  as  the  test  is  one  readily  obtained  at  nearly 
all  of  the  large  steel-plants ;  and  the  bulk  of  the  test-rods  can  be  used 
for  rivet-steel,  or  for  other  purposes  for  which  the  steel  has  a  ready  sale. 

The  real  question  at  issue  with  reference  to  the  preliminary  |-inch 
round  test  seems  to  us  to  he  whether  it  is  advisable  to  have  the  steel  for 
any  structwe  uniform  chemically  or  uniform  physically — that  is, 
whether  plates  and  angles  of  f-inch  thickness  rolled  from  ingots  of 
the  same  size,  as  thick  eye-bars  of  l|-inch  to  2|-inch  thickness  ordi- 
narily are,  ^hall  be  made  from  the  same  quality  of  steel,  and  show 
the  variation  in  tests  due  to  the  variation  in  work  upon  the  different 
sections,  or  whether  the  thicker  sections  shall  be  made  of  higher- 
carbon  steel,  which  will  answer  the  same  tensile  requirements  in  the 
]|-inch  to  2J-ineh  tliick  bars  that  the  softer  lower-carbon  steel  does 
in  the  f-inch  thick  bars.  In  the  one  case  the  steel  for  the  structure 
would  be  practically  homogeneous  chemically  if  the  steel  were  ac- 
cepted upon  a  preliminary  uniform  method  of  testing;  and,  in  the 
other  case,  steel  in  a  given  structure  would  be  non-homogeneous, 
much  harder,  and  having  a  considerably  higher  percentage  of  carbon 
in  the  thick  sections  than  in  the  thin. 

At  present  the  majority  of  engineers,  we  believe,  require  uniform 
steel  chemically,  and  the  preliminary  test  is,  we  believe,  the 
"fashion,"  although  the  question  is  a  moot  one,  and  still  deserves 
careful  consideration.  From  a  comparison  of  several  thousand 
tests  of  both  acid  open-hearth  and  acid  Bessemer  steel,  selected 
from  our  records  of  tests,  made  by  us,  of  American  structural  steel 
for  bridges,  which  we  have  inspected,  the  steel  tested  being  as  fairly 
representative  as  pos&ible  of  steels  ranging  from  55,000  to  85,000 
pounds  tensile  strength  per  square  inch,  we  found  the  following 
average  variations  between  the  f-inch  round  test  and  the  test  of  ihe 
finished  material : 

Plates,  Angles,  Channels  and  Beams. 
Per  cent. 
Elastic  limit,      ,     .     .  5.15  lower  in  finished  material  test  than  in  ^-in.  round  test. 
Tensile  strength,     .     .  1.11  "  "  " 

Elongation  in  8  in.,    .  5.76  "  "  " 

Reduction  of  area,      .7.18  "  "  " 

Tension-Bars. 
Per  cent. 

Elastic  limit,     .     .  .     5.08  lower  in  finished  material  test  than  in  J-in.  round  test. 

Tensile  strength,    .  .     3.07  "  "  " 

Elongation  in  8  in.,  .     5.63  "  "  " 

Reduction  of  area,  .10.58  "  "  " 
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In  getting  these  averages  4300  tests  were  actually  tabulated  and 
fully  as  many  more  were  roughly  compared.  The  steel  was  to  fill 
a  specification  as  follows: 

Elastic  limit,  at  least  38,000  pounds  per  square  inch. 
Tensile  strength,  from  65,000  to  75,000  pounds  per  square  inch. 
Elongation,  at  least  18  per  cent,  in  8  inches, 
Reduction  of  area,  at  least  35  per  cent. 

This  particular  specification  was  taken,  as  the  steel  was  considered 
fairly  representative  of  the  average  structural  steel  in  use  in  this 
country.     The  average  of  the  |-inch  round  tests  was  as  follows : 

Elastic  limit,  42,580  pounds  per  square  inch. 
Tensile  strength,  69,625  pounds  per  square  inch. 
Elongation,  25.95  per  cent,  in  8  inches. 
Reduction  of  area,  52.85  per  cent. 

The  plates,  angles  and  channels  gave  the  following  average: 

Elastic  limit,  40,390  pounds  per  square  inch. 
Tensile  strength,  08,850  pounds  per  square  inch. 
Elongation,  24.44  per  cent,  in  8  inches. 
Reduction  of  area,  49.56  per  cent. 

Bars  ranging  from  4  inches  X  J-inch  to  8  inches  X  ^  inches  gave 
the  following  average: 

Elastic  limit,  40,420  pounds  per  square  inch. 
Tensile  strength,  67,480  pounds  per  square  inch. 
Elongation,  24.46  per  cent,  in  8  inches. 
Reduction  of  area,  47.25  per  cent. 

One  engineer  states,  in  all  of  his  recent  specifications,  that  "steel 
may  be  made  by  the  open-hearth  or  by  the  Bessemer  process,  but  no 
steel  shall  be  made  at  works  which  have  not  been  in  successful 
operation  for  at  l(<hst  one  year;"  and  "steel  made  by  the  Clapp- 
Griffiths  process  will  not  be  accepted." 

He,  however,  gives  his  preference  to  open-hearth  .steel,  and  in  his 
latest  specifications,  published  this  last  summer,  in  giving  the  chemi- 
cal requirements,  says  that  Bessemer  steel  must  in  no  case  exceed 
0.05  per  cent,  phosphorus,  and  that  the  average  must  not  exceed  0.04 
per  cent,,  while  in  open-hearth  steel  he  allows  individual  heats  to 
run  up  as  high  as  0.10  per  cent.,  and  gives  0.08  per  cent,  as  the 
average. 

To  show  the  changes  in  requirements  that  have  taken  place  during 
the  last  ten  years,  we  quote  from  six  specifications  drawn  by  the 
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same  engineer,  which  have  been  considered  "standard,"  and  fre- 
quently referred  to  by  engineers  who  have  not  regular  specifications 
of  their  own. 

1st.  1879. — Open-hearth  steel  for  tension-members. 

Not  less  than  50,000  pounds  elastic  limit. 
Not  less  than  80,000  pounds  tensile  strength. 
Not  less  than  12  per  cent,  elongation  in  8  inches. 
Not  less  than  20  per  cent,  reduction  of  area. 

2d.  1881. — Open-hearth  or  Bessemer  steel. 

Tension-Members. 

Elastic  limit,  40,000  to  45,000  pounds  per  square  inch. 
Tensile  strength,  70,000  to  80,000  pounds  per  square  inch. 
Elongation  in  8  inches,  at  least  18  per  cent. 
Reduction  of  area,  at  least  30  per  cent. 

Compression- Members. 

Elastic  limit,  50,000  to  55,000  pounds  per  square  inch. 
Tensile  strength,  80,000  to  90,000  pounds  per  square  inch. 
Elongation  in  8  inches,  at  least  12  per  cent. 
Reduction  of  area,  at  least  20  per  cent. 

3d.  October  1,  1882. — Steel  must  be  open-hearth. 

Tension-Members. 

Elastic  limit,  not  less  than  40,000  pounds  per  square  inch. 
Tensile  strength,  not  less  than  70,000  pounds  per  square  inch. 
Elongation  in  8  inches,  not  less  than  18  per  cent. 
Reduction  of  area,  not  less  than  45  per  cent. 

Comp^-ession-Members. 

Elastic  limit,  not  less  than  50,000  pounds  per  squar»inch. 
Tensile  strength,  not  less  than  80,000  pounds  per  square  inch. 
Elongation  in  8  inches,  not  less  than  15  per  cent. 
Reduction  of  area,  not  less  than  35  per  cent. 

4th.  December   1,  1885. — No   special    method   of    manufactur 
specified,  but  all  steel  of  same  class  must  be  made  by  same  process. 

Tension-  Members. 

Elastic  limit,  not  less  than  40,000  pounds  per  square  inch. 
Tensile  strength,  not  less  tiian  70,000  pounds  per  square  inch. 
Elongation  in  8  inches,  not  less  than  18  per  cent. 
Reduction  of  area,  42  per  cent. 
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Compression- Members. 

Elastic  limit,  not  less  than  50,000  pounds  per  square  inch. 
Tensile  strength,  not  less  than  80,000  pounds  per  square  inch. 
Elongation  in  8  inches,  not  less  than  15  per  cent. 
Reduction  of  area,  not  less  than  35  per  cent. 

5tli.  June  15,  1887. — Open-hearth  or  Bessemer  steel  made  at 
works  in  successful  operation  at  least  one  year.  Clapp-Griffiths 
steel  will  not  be  accepted. 

Phosphorus  must  in  no  case  exceed  0.10  per  cent.,  and  must  average 
0.08  per  cent. 

Tension- Members. 

Elastic  limit,  not  less  than  40,000  pounds  per  square  incii. 
Tensile  strength,  07,000  to  75,000  pounds  per  square  inch. 
Elongation  in  8  inches,  at  least  20  per  cent. 
Reduction  of  area,  at  least  42  per  cent. 

6th.  Summer  of  1888. — Steel  made  as  under  5th. 

Open-hearth  steel — phosphorus  not  to  exceed  0.10  per  cent.,  and 
must  average  0.08  per  cent.  Bessemer  steel — phosphorus  not  to  ex- 
ceed 0.05,  and  must  average  0.04  per  cent. 

Tension-  Members. 

Elastic  limit,  not  less  than  .38,000  pounds  per  square  inch. 
Tensile  strength,  63,000  to  70,000  pounds  per  square  inch. 
Elongation  in  8  inches,  at  least  22  per  cent. 
Reduction  of  area,  at  least  45  per  cent. 

In  specifications  Nos.  1,  5,  and  6,  there  is  no  mention  made  of 
compression-steel,  and  it  was  furnished  of  the  same  quality  as  the 
tension-steel. 

The  specifications  show  a  tendency  to  give  a  decided  preference 
to  open-hearth  steel,  as  well  as  a  gradual  lowering  of  the  require- 
ments in  tensile  strength  and  increase  in  elongation  and  reduction  of 
area. 

The  latest  specifications  require  a  drifting-test  for  steel  plates, 
angles  and  shapes — a  |-inch  hole,  punched  as  in  ordinary  work  for 
riveting,  the  center  of  the  hole  being  1'^  inches  from  the  edge  of  the 
specimen,  to  withstand  the  operation  of  drifting,  by  blows  of  a  sledge 
upon  a  drift  pin,  to  at  least  1  J-inch  diameter  without  fracture.  The 
advantage  of  this  test  is  that  it  can  be  made  very  much  more  cheaply 
than  ordinary  tensile  tests,  or  even  bending-tests,  where  the  sheared 
edges  have  to  be  planed  off  in  order  to  give  the  steel  a  fair  oppor- 
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tunity  to  show  its  ductility.  Many  of  these  tests  can  be  made 
without  much  expense  on  the  sliort  crop-ends  which  are  necessarily 
made  in  cutting  the  material  to  length,  and  the  advantage  of  the 
many  tests  in  proving  the  homogeneity  of  the  steel  is  apparent. 

Terapering-tests  have  also  been  introduced  in  recent  specifications, 
and  steel  that  has  been  heated  to  a  dull  cherry-red,  and  quenched 
in  water  at  C0°  to  80°  Fahr., according  to  the  different  specifications, 
must  bend  180°  around  a  pin  varying  from  1  to  2  diameters,  with- 
out sign  of  fracture. 

This  change  has  been  of  great  benefit  to  the  travelling  public,  as 
it  ensures  a  greatly  superior  quality  of  material,  in  which  the  chances 
of  failure  due  to  sudden  changes  in  temperature,  or  to  careless  heat- 
ing and  cooling,  either  at  the  mill  or  at  the  bridge-shop, are  reduced 
to  a  minimum. 

The  effect  of  temperature  on  steel  has  now  become  very  well 
known,  and  needs  no  discussion  here.  With  iron,  however,  it  is 
different,  and  a  great  variety  of  opinions  exist  as  to  the  effects  of 
temperature  upon  this  form  of  metal,  varying  from  negative  to 
positive. 

In  a  paper  read  before  the  Engineers'  Society  of  Western  Penn- 
sylvania, at  Pittsburgh,  Pa.,  October  18, 1887,  by  Jos.  Ramsey,  Jr., 
Chief  Engineer  of  the  C.  H.  &  D.  R.  II.,  a  series  of  tests,  showing 
the  effect  of  temperature  ranging  from  0°  Fahr.  to  60°  Fahr.,  was 
discussed,  and  the  conclusion  arrived  at  was  that  the  effect  of  freez- 
ing was  to  decrease  the  ductility  under  impact,  making  the  iron  more 
crystalline  and  brittle.  This  conclusion  was  combated  by  several 
of  the  members,  and  other  tests  were  brought  forward  to  show  that 
the  effect  was  so  slight  as  to  be  practically  n«7.  Engineers  are,  how- 
ever, pretty  well  agreed  that  bending-  and  nicked-bending  tests 
should  not  be  made  on  iron  that  has  been  exposed  to  a  temperature 
below  freezing,  without  first  allowing  it  to  become  warm,  reaching, 
say,  a  temperature  of  about  60°  Fahr.,  or,  as  the  mill  men  express 
it,  "allow  the  frost  to  get  out  of  it." 

About  two  years  ago  an  instance  came  under  our  observation  of 
some  6-inch  channels  that  had  been  "  lying  out  in  the  cold"  over 
night,  at  a  temperature  of  probably  10°  to  15°  Fahr.,  which,  when 
struck  with  a  hammer  on  the  web,  split  up  from  6  inches  to  18 
inches.  While  subsequent  tests  on  the  same  channels  showed  that 
the  material  was  not  strictly  first-class,  they  also  showed  tiiat  the 
iron,  when  warmed,  developed  from  50  to  75  per  cent,  fiber,  whereas 
the  cracked  channels  were  75  to  100  per  cent,  crystalline,  as  was  also 
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shown  by  further  nicked-bending  tests  made  at  the  cold  temperature. 
Instances  of  this  kind  woukl  tend  to  show  a  molecular  change  due 
to  cold,  and  a  change  great  enough  to  affect  seriously  the  strength  of 
the  iron  if  exposed  to  sudden  shock  at  low  temperatures,  as  in  the 
case  of  the  derailment  of  a  (rain  on  a  luidge. 

From  a  consideration  of  such  facts  as  these,  our  inspectors  have 
for  the  last  three  or  four  years  been  making  all  bending-  and  nicked- 
bending  tests  at  a  tem|)erature  of  60°  Fahr.,  uidess  otherwise  directed, 
proceeding  on  the  assumption  that  during  the  greater  portion  of  the 
year,  in  this  latitude,  the  temperature  is  above  the  freezing-point — 
the  average  being  52°  Fahr. — and  that  a  uniform  tem})erature  is 
necessary  in  order  to  get  comparative  results  of  the  fibrous  quality 
of  wrought-iron.  We  also  recommend  to  engineers  that  where  the 
iron  will  be  subject  to  extremely  low  temperatures,  a  series  of  frac- 
ture- and  bending-tests  should  be  made  at  freezing  temperatures,  and 
that  reasonably  ductile  results  under  such  treatment  should  be  required. 

The  effect  of  temjierature  upon  tensile  and  compression-tests  is  not 
at  all  so  marked  as  it  is  on  tests  under  impact,  for  with  whatever 
rapidity  the  strains  have  been  put  upon  specimens  by  tensile  or 
compressive  apparatus  which  ean  measure  the  strains  applied,  the 
work  and  flow  of  the  metal  has  so  increased  the  teujperature  of  the 
parts  as  not  seriously  to  modify  the  results  at  ordinary  temperatures, 
even  though  the  experiniental  bars  be  immersed  in  freezing-mixtures 
while  being  tested. 

Planing  all  sheared  edges  in  structural  work  is  being  required 
more  and  more  in  this  country,  and  for  this  ])urpose  many  of  the 
larger  steel-works  are  procuring  fast  rotary  planers,  but  the  average 
structural  mill  is  not  equipped  as  finely  as  are  the  large  structural- 
mills  in  Great  Britain.  This  probably  is  due  to  the  fact  that  for 
many  purj>oses  we  use  universal-mill  plates,  and  there  has  not  been 
the  necessity  for  planing  so  nmny  sheared  plates  here  as  abroad. 

Steel  pins  are  required  to  be  carefully  annealed  after  being  rolled 
and  before  being  turned  up,  and  pins  of  over  6  inches  in  diametec 
are  in  most  cases  drilled  through  their  longer  axis  with  holes  from- 
|-inch  to  li-inch  diameter,  with  the  intention  of  testing  the  sound- 
ness through  the  entire  length.  Test-specimens  for  pins  are  ordi- 
narily cut  from  the  ends  of  blooms  which  have  been  forged  into 
sizes  convenient  for  (he  j)urpose. 

Numerous  instances  could  be  cited  to  show  the   unreliability  of 
Bessemer  steel   for  structural  pur|)oses.     One  of  the  most  marked, 
however,  that  has  come  under  my  notice  will  suffice. 
VOL.  XIX. — 59 
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A  12-inch  I-beam  weighing  30  pounds  to  the  foot,  20  feet  long, 
which  had  been  rolled  of  a  new  section  to  replace  42-pound  iron 
beams,  on  being  unloaded  from  a  car,  broke  in  two  about  6  feet  from 
one  end.     The  Bridge  Company  wrote  about  the  accident  as  follows : 

"In  unloading  the  12-inch  beams,  one  about  20  feet  in  length,  in 
dropping,  broke  completely  in  two,  about  one-third  the  distance 
from  one  end.  There  is  apparently  no  defect  in  the  beam  at  this 
point,  nor  anything  to  account  for  the  breakage.  The  chemical  analy- 
sis and  tests  appear  good.  We  are  at  a  loss  to  account  for  the  break- 
age, and  it  shakes  our  confidence  in  the  whole  subject  of  steel  beams." 

The  analysis  of  the  test-ingot  of  the  Bessemer  blow  from  which 
the  beam  was  made  was  as  follows : 

Per  cent. 

0.18  ■ 

0.60 


Carbon, 
Manganese, 


Phosphorus, 


0.072 


We  directed  that  the  broken  piece  be  shipped  to  us,  and  on  re- 
ceiving it,  found  the  fracture  to  be  exactly  at  right-angles  to  the 
flange,  and  almost  as  true  as  if  it  had  been  cut  in  a  planer.  Although 
rusty,  the  fracture  appeared  to  be  finely  crystalline,  and  showed  no 
evidence  of  any  flaw  which  would  have  caused  the  break. 

Drillings  taken  from  various  points  in  the  fractured  surface 
showed : 


No.  1.  1 

Per  cent. 
Carbon,  .  .  .  .  O.ld 
Manganese,     .     .  0.68 

No.  2.  I 

Carbon 0.18   r'^*"^^" 

Manganese,     .     .  0.67 

No.  3. 
Carbon,  .     .     .     .0.18 
Manganese,     .     .  0.68  J 


No.  4. 

Per  cent. 

Carbon 0.18 

Manganese,     .     .  0.68 

No.  5. 

}.  Web. 
Carbon 0.18   ^ 

Manganese,  .  .  0.67 

No.  6. 

Carbon,  .     .  .  .  017 

Manganese,  .  .  0.67 


No.  7. 


Per  cent. 
.  0.17 
.     0.69 


Carbon, i 

Manganese,    ..... 

No.  8. 

Carbon, 0.17 

Manganese, 0.68 

No.  9. 

Carbon, 0.17 

Manganese, 0.68 


Flange. 


INSPECTION    OF   MATERIALS   OF   CONSTRUCTION.  931 

Au  average  sample  of  the  nine  sets  of  drillings  gave: 

Per  cent. 

Carbon, 0.18 

Manganese, 0.68 

Phospliorns 0.09 

Sulphur, 0.033 

Tensile  test  of  the  original  |-inch  round  test-bar  gave: 


Elastic  limit,     . 
Tensile  strength, 
Elongation  in  8  inches, 
KecUiction  of  area,    . 
Character  of  fracture, 


39,160  lbs.  per  sq.  in. 

68,360    " 

29.25  per  cent. 

52.86 

Silky,  cupped. 


Of  the  beam  cut  as  close  to  the  broken  end  as  possible : 

Flange.  Web.  Flange. 

Elastic  limit,       .     40,580  lbs.  per  sq.  in.   45,240  lbs.  per  sq.  in.  41,660  lbs.  per  sq,  in. 
Tensile  strength,     62,140   "  "  68,540   "  "  64,110    "         " 

Elongation   in   8  j  23.75  per  cent.  23.62  per  cent.  27.50  per  cent. 

inches,   .         .  J 

Reduction  of  area,  53.38        "  56.86        "  51.79       " 

Fracture,    .         .     Silky.  Silky,  cupped.  Silky,  pitted. 

The  analyses  and  tensile  tests  made  do  not  show  any  cause  for  the 
failure. 

The  cold-  and  quench-bending  tests  of  both  the  original  f -inch 
round  test-pieces,  and  of  pieces  cut  from  the  finished  material,  gave 
satisfactory  results;  the  cold-bending  tests  closing  down  on  them- 
selves without  sign  of  fracture. 

Numerous  otiier  cases  of  angles  and  plates  that  were  so  hard  in 
places  as  to  break  off  short  in  punching,  or,  what  was  worse,  to 
break  the  punches,  have  come  under  our  observation,  and  although 
makers  of  Bessemer  steel  claim  that  this  is  just  as  likely  to  occur  in 
open-hearth  as  in  Bessemer  .steel,  we  have,  as  yet,  never  seen  an  in- 
stance of  failure  of  this  kind  in  open-hearth  steel  having  such  a  com- 
position as  that  given  below : 

Per  cent. 

Carbon, below  .25 

Manganese,      .........  '      .70 

Phosphorus, "     .08 

Mr.  J.  W.  Waile.s,  in  a  paper  read  before  the  Chemical  Section  of 
the  British  Association  for  the  Advancement  of  Science,  in  speaking 
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of  mysterious  failures  of  steel,  states  that  investigation  shows  that 
"  these  failures  occur  in  steel  of  one  class,  viz.,  soft  steel  made  by  the 
Bessemer  process." 

Bessemer  steel-makers  may  claim  that  in  a  general  paper  of  this 
kind  it  is  unfair  to  criticize  their  process.  There  is  some  justice  in 
this ;  but  at  the  same  time  it  seems  proper  to  state  the  reasons  for  the 
growing  tendency  among  engineers  to  rule  out  Bessemer  steel  for 
tension-members  and  all  of  the  more  important  structural  purposes. 
This  tendency,  we  think,  is  fully  as  strong  in  Europe  as  in  America, 
and  the  report  of  the  Secretary  of  this  Institute,  and  of  the  Iron  and 
Steel  Association  of  the  United  States,  in  their  records  of  the  statis- 
tical progress  of  new  steel-{)Iants  and  processes,  show  a  most  re- 
markable growth  of  open-hearth  furnace-building. 


TEE  DEVELOPMENT  OF  AMERICAN  BLAST-FURNACES, 
WITH  SPECIAL  REFERENCE  TO  LARGE  YIELDS. 

BY  JAMES  GATLEY,  BRADDOCK,  PA. 

(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Steel  Institute, 
October,  1890.) 

The  development  of  blast-furnace  practice  in  America  in  the 
direction  of  large  yields  is  mainly  the  history  of  our  working  since 
the  year  1880,  as  the  advancement  that  has  been  made  in  the  last 
decade  is  greater  than  that  in  the  third  of  a  century  previous.  A 
new  era  in  the  manufacture  of  pig-iron  began  in  1880  with  the 
putting  in  blast  of  the  Edgar  Thomson  furnaces.  These  furnaces 
at  once  leaped  to  the  front  as  pig-iron  producers,  and  have  main- 
tained that  position — with  but  one  brief  interruption — ever  since. 
I  shall,  therefore,  confine  myself  mainly  to  a  description  of  these 
works,  showing  the  changes  in  design  and  practice  by  which  these 
results  have  been  achieved. 

In  order  to  show  more  clearly  the  progress  that  has  been  made 
since  1880,  I  shall  refer  briefly  to  the  best  work  that  was  done  in  the 
ten  years  previous  to  that  time.  The  Struthers  furnace,  in  Ohio, 
was  one  of  the  tirst  to  attract  attention  in  the  matter  of  large  out- 
puts. This  furnace  was  55  feet  high,  16  feet  in  diameter  of  bosh,  9 
feet  in  the  hearth,  and  about  8  feet  6  inches  at  the  stock-line.  The 
fuel  was  raw  coal.     This  furnace,  in  December,  1871,  made  1602 
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tons*  of  iron,  and  in  January,  1872,  made  1642  tons.     The  best  out- 

4.. 


Lucy  Furnace,  No.  2.     1877. 

put  in  a  single  week  was  400  tons.     By  March,  1876,  the  product 

*  All  tons  are  long  tons  of  2240  pounds,  and  all  temperatures  are  Fahrenheit. 
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had  been  increased  to  2032  tons.  The  furnace  was  blown  by  one 
engine  with  an  air-cylinder  of  72  inches  diameter  and  4  feet  stroke. 
The  only  change  made  from  1871  to  1876  was  the  addition  of  a 
second  blowing-engine.  The  size  of  the  hearth  was  much  in  ad- 
vance of  the  construction  usual  at  that  time,  and  was,  in  fact,  as 
large  as  would  now  be  put  in  a  furnace  of  the  same  size.  The  good 
results  obtained  at  this  furnace  were  largely  due  to  the  fact  that  the 
manager,  Mr.  Thomas  W.  Kennedy,  broke  away  from  the  traditional 
practice  of  regulating  the  quantity  of  blast  by  the  pressure-gauge, 
and  substituted  instead  the  revolutions  of  the  engine — a  practice 
which  obtains  to-day. 

A  record  of  No.  1  furnace  of  the  Isabella  furnaces,  located  at 
Pittsburgh,  has  been  furnished  me,  and,  as  these  furnaces  have  since 
become  famous  in  the  annals  of  pig-iron  manufacture,  a  return  of 
their  work  at  that  time  will  be  found  interesting.  I  have  not  been 
able  to  secure  the  lines  or  detail  construction  of  this  furnace,  but  the 
general  dimensions  were:  Height,  75  feet;  diameter  of  bosh,  20 
feet ;  cubic  capacity,  about  15,000  feet.  The  furnace  was  "blown 
in"  in  January,  1876,  and  continued  in  blast  until  May,  1880 — 
making  a  total  output  of  117,575  tons  of  pig-iron,  or  an  average  of 
2264  tons  per  month.  The  consumption  of  coke  per  ton  of, iron 
averaged  3000  pounds ;  the  temperature  of  the  blast  ranged  from 
1000  to  1100  degrees,  with  a  blast-pressure  of  4  to  6  pounds.  No 
record  was  kept  of  the  amount  of  air  blown.  Also  located  in  Pitts- 
burgh are  the  Lucy  furnaces,  owned  by  the  firm  of  Carnegie,  Phipps 
&  Co.  These  furnaces  ranked  with  the  Isabella  as  the  largest  pro- 
ducers in  America.  I  have  been  so  fortunate  as  to  obtain  the  lines 
of  one  of  these  furnaces,  the  Lucy  No.  2,  built  in  1877,  which  I 
show  in  Fig.  1.  The  general  dimensions  are:  Total  height,  75  feet; 
diameter  of  bosh,  20  feet ;  diameter  of  hearth,  9  feet ;  cubic  capacity, 
15,400  feet.  This  drawing  shows  a  bell  12  feet  in  diameter,  but  Mr. 
H.  M.  Curry,  who  was  then  manager  of  the  works,  advises  me  that 
the  bell  generally  in  use  was  11  feet  in  diameter.  During  a  part  of 
the  blast  a  bell  12  feet  in  diameter  was  tried,  but,  not  proving  to  be 
advantageous,  was  abandoned.  In  the  construction  of  this  furnace 
the  noticeable  features  are  a  narrower  hearth  and  a  wider  top  than 
are  now  put  in  furnaces  of  the  same  cubic  capacity;  but  at  that  time 
it  was  considered  an  excellent  shape,  and  certainly  did  produce  some 
excellent  results.  As  early  as  1878  this  furnace  had  made  a  monthly 
output  of  3286  tons  on  a  coke-consumption  of  2793  pounds  per  ton 
of  iron,  and  in  one  week  shortly  afterwards  it  made  821  tons.     The 
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furnace  was  "blown  in"  in  September,  1877,  but  after  running  a 


Edgar  Thomson  Furnace  "A."     1879. 

few  months  was  blown  out,  in  order  to  repair  the  bosh-walls,  which, 
for  some  reason,  had  rapidly  given  away.     In  the  following  March 
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the  furnace  was  again  started,  and  continued  in  blast  for  nearly 
thirty-four  months,  making  in  this  period  an  output  of  92,128  tons, 
or  an  average  of  2737  tons  per  month,  on  an  average  coke-consump- 
tion of  2865  pounds  per  ton  of  iron.  For  the  first  twelve  full 
months  the  output  was  33,552  tons  on  a  coke- consumption  of  2850 
pounds.  The  amount  of  air  blown  was  16,000  cubic  feet  per  minute, 
which  entered  the  furnace  through  six  8-inch  tuyeres ;  the  tempera- 
ture of  the  blast  was  915  degrees,  and  the  pressure  at  tuyeres  5 
pounds.  The  ore-mixture  yielded  in  the  furnace  60  per  cent,  of  iron. 
The  work  at  this  furnace  was  unquestionably  the  best,  all  things 
considered,  that  had  been  accomplished  prior  to  the  starting  of  the 
Edgar  Thomson  furnaces. 

Furnace  "A"  of  the  Edgar  Thomson  works  was  originally  a 
charcoal  furnace  at  Escanaba,  Mich.,  but  was  removed  and  erected 
on  its  new  foundations  in  1879.  The  dimensions  of  this  furnace, 
Fig.  2,  are  as  follows:  Height,  65  feet;  diameter  of  bosh,  13  feet; 
diameter  of  hearth,  8  feet  6  inches;  cubic  capacity,  6396  feet.  Six 
tuyeres,  4  inches  in  diameter,  were  used;  and  as  they  projected  7 
inches  inside  the  crucible,  the  efficient  diameter  of  hearth  was  7  feet 
4  inches.  The  tuyeres  were  placed  5  feet  6  inches  above  the  hearth 
line.  In  the  Transactions  of  the  American  Institute  of  3Iining  Engi- 
neers (viii.,  348),  a  description  of  the  "  blowing  in  "  and  subsequent 
working  of  this  furnace  is  given  by  Mr.  Julian  Kennedy,  who  was 
then  manager  of  the  furnaces.  The  following  points  of  construction 
are  emphasized  in  his  paper  :  The  interior  lines  make  very  small 
angles  with  each  other, — so  small,  in  fact,  that  the  arc  of  a  circle 
drawn  from  the  top  to  the  tuyeres  will  not  deviate  by  more  than  2 
inches  from  the  lines  as  given.  Particular  attention  was  paid  to 
rounding  the  angles.  The  bosh  is  located  about  midway  in  the  fur- 
nace, making  the  bosh-wall  very  steep.  The  batter  of  this  wall  was 
If  inch  to  the  foot,  which  is  equivalent  to  an  angle  of  84  degrees. 
The  furnace  was  lined  throughout  with  small  bricks.  The  stove 
equipment  consisted  of  three  Siemens-Cow j>er- Cochrane  stoves,  15 
feet  in  diameter  by  50  feet  in  height.  This  furnace  was  "  blown  in  " 
in. January,  1880.  The  ore-mixture  consisted  of  Tafna,  M'Comber, 
Pilot  Knob  and  Sommorostn)  ores,  yielding  in  the  furnace  54.5  per 
cent.  iron.  The  output  of  the  first  full  week  was  442  tons,  and 
reached  537  tons  for  the  fourth  week.  The  output  and  eonsuiuption 
of  coke  for  the  first  few  months  are  as  follows: 
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TABf.E  I.— Showing  the  Working  of  Furnace  'M,"  Fig.  2. 


Months. 

Tons. 

Pounds  of  Coke 
per  Ton  of  Iron. 

Januarv    1880 

1,634 
2,236 
2,762 
1,586 
2,226 

2.675 
2,306 

2,306 

2,482* 

1,945 

MtitIi    '       "    

A..,.;i            "   

Mnv                "    

•  The  furnace  was  stopped  for  four  days. 

In  June,  the  furnace  was  changed  to  making  spiegel,  and  has  been 
used  almost  exclusively  ever  since  for  making  the  various  grades  of 
spiegel  and  ferro-manganese.  The  average  weekly  output  for  the 
month  of  March  was  644|  tons,  one  day  having  been  lost. 

The  best  week's  output  was  671  tons.  The  blast  was  heated  to  an 
average  temperature  of  1050  degrees,  the  utmost  that  the  stoves 
would  furnish:  the  pressure  at  the  tuyeres  was  6J  pounds.  The 
engine  equipment  consisted  of  two  vertical  blowing-engines,  one  of 
which  was  new,  with  a  blowing  tub  84  inches  in  diameter  and  of  4 
feet  stroke  ;  the  other,  a  small  and  inefficient  one,  had  been  brought 
from  Escanaba.  But  it  so  happened  that  Furnace  ''B"  was  in 
course  of  construction,  and  one  of  the  engines  belonging  to  this  fur- 
nace was  in  good  running  order ;  consequently,  the  Escanaba  engine 
was  retired  from  active  service,  and  these  two  larger  engines  were 
used  to  supply  Furnace  "A." 

The  volume  of  air  forced  into  this  furnace  was  15,000  cubic  feet 
per  minute,  or  as  much  as  was  used  elsewhere  for  furnaces  of  more 
than  twice  the  capacity.  The  results  obtained  were  surprising,  and 
it  is  no  wonder  that  the  pig-iron- making  world  regarded  them  with 
an  astonishment  amounting,  in  many  cases,  to  incredulity.  Consid- 
ering the  cubic  capacity  of  the  furnace,  the  rate  of  driving  was  cer- 
tainly excessive,  and  that  the  results  on  fuel  were  so  low,  as  com- 
pared with  the  subsequent  consumption  on  larger  furnaces  where  the 
same  practice  was  employed,  is  mainly  due  to  the  narrow  furnace- 
stack.  These  fuel-results,  as  I  shall  presently  show,  were  much  lower 
than  any  obtained  from  the  larger  furnaces  in  the  next  five  years, 
and,  had  a  distinction  been  then  made  between  rapid  driving  on  the 
one  hand  and  excessive  driving  on  the  other,  many  American  fur- 
naces would  have  reduced  their  outlay  for  fuel  enormously. 

In  Fig.  3  is  shown  the  second  furnace,  "  B,"  erected  at  these 
works,  of  which  the  general  dimensions  are  as  follows  :  Height,  80 
feet;  diameter  of  bosh,  20  feet;  diameter  of  hearth,  11  feet;  cubic 
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Edgar  Tliomaon  Furnace  "  B."     1880. 
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capacity,  17,868  feet.  The  brick-work  of  the  stack  was  held  to- 
gether by  8-inch  iron  bands  supported  by  staves  of  T-iron,  forming  a 
crinoline.  The  bosh-walls  were  banded  in  the  same  manner.  Tiie 
walls  of  the  hearth  were  surrounded  by  solid  cast-iron  plates,  securely 
bolted,  no  cooling-plates  of  any  kind  being  used.  The  stock  was 
distributed  at  the  top  by  a  double  bell,  in  which  the  central  cone  re- 
mained stationary,  while  the  outer  conical  ring  was  lowered,  casting 
the  stock  towards  the  wall  and  center  of  the  furnace.  One  feature 
of  this  construction,  differing  from  that  of  other  furnaces  then  using 
coke  for  fuel,  was  the  large  hearth,  providing  more  space  for  com- 
bustion. As  originally  planned,  the  hearth  was  9  feet  in  diameter  at 
the  bottom,  and  sloping  up  to  the  tuyeres,  but,  before  building,  Mr. 
Kennedy  changed  the  plan,  so  that  the  in-walls  of  the  hearth  would 
be  straight,  making  the  diameter  11  feet.  There  was,  moreover,  an 
increased  number  of  tuyeres,  eight  being  used,  and  an  increased  ele- 
vation of  the  tuyeres  above  the  hearth-level,  all  of  which  modifica- 
tions were  necessary  for  rapid  driving  and  large  yields.  In  the 
anthracite  district  large  hearths  had  been  tried  at  a  much  earlier 
day.  As  early  as  1854  the  Thomases,  at  the  Crane  Iron  Works,  in 
the  Lehigh  Valley,  had  tried  enlarging  their  hearths  by  pulling  back 
the  tuyeres  until  a  diameter  of  11  feet  was  reached.  From  this  ex-' 
periment  they  obtained  such  excellent  results,  both  as  to  output  and 
quality  of  metal,  that  they  afterwards  adopted  as  a  standard  that  the 
diameter  of  the  hearth  should  be  one-half  the  diameter  of  the  bosh. 
But  while  the  hearths  of  various  furnaces  had  been  enlarged  after 
they  were  in  blast,  yet  no  American  furnace  up  to  that  time  had  been 
constructed  with  so  large  a  hearth  as  this  one  at  the  Edgar  Thomson 
works.  In  another  respect  this  furnace  was  well  prepared  by  its  de- 
signers for  a  high  productive  capacity,  viz.,  in  its  equipment.  Fire- 
brick stoves  of  the  most  approved  type  were  erected.  Substantially- 
built  blowing-engines  were  provided,  and  they  were  rendered  effi- 
cient by  an  ample  supply  of  boilers — a  point  in  which  other  furnaces 
were  then  sadly  lacking.  At  the  same  time,  all  the  flues  and 
mains  were  constructed  sufficiently  large,  and  in  the  most  sub- 
stantial way.  In  fact,  no  furnace  previously  erected  had  been 
planned  on  such  a  liberal  basis;  consequently,  large  yields  were  to 
be  expected. 

The  furnace  was  put  in  blast  in  April,  1880.  In  the  following 
month  an  output  of  3718  tons  was  made,  and  the  next  month 
showed  4318  tons;  thus  fully  justifying  the  claims  of  its  designers 
by  eclipsing  all  previous  records.     The  detailed  record  of  the  work 
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done  by  this  furnace  during  the  earlier  months  of  the  blast  is  as 
follows : 

Table  II. — Showing  the  Working  of  Furnace  "  B,"  Fig.  3. 


Months. 

Tons. 

Pounds  of  Coke 
per  Ton  of  Iron. 

April,        1880 

2,723 
3,718 
4,318 
4,345 
4,601 
4,221 
4.722 

2,o36 
2.574 
2,344 
2,706 
2.811 
2,757 
2,736 

Mav,              ''    

1  June,             "    

Jnlv,              "    

Augost.         "   

Septeniljer,   "    

October,        "    

It  will  be  noticed  that  the  consumption  of  fuel  increases  as  the 
summer  months  advance.  These  works,  being  located  on  flat  land 
along  the  Monongahela  Riven,  are  more  particularly  affected  than 
elsewhere  by  the  contents  of  moisture  in  the  atmosphere,  it  being 
nearly  twice  as  much  in  summer  as  in  winter.  While  this  fact 
has  always  had  an  important  bearing  on  our  fuel-economy,  yet  in 
this  case  another  feature  of  the  practice  tending  to  increase  the 
fuel-consumption  was  the  increased  rate  of  driving;  the  volume 
of  air  blown  having  been  gradually  increased  to  30,000  cubic  feet 
per  minute,  engine  measurement,  taxing  alike  the  efficiency  of  the 
engines  and  the  stoves.  However,  a  high  productive  capacity  was 
aimed  at,  and  an  output  of  4722  tons  in  a  month  was  certainly 
marvellous  at  that  time,  and  was  either  regarded  as  incredible  or 
accounted  for  on  the  supposition  that  the  furnace  had  been  trans- 
formed into  a  cupola  by  melting  large  quantities  of  scrap.  But 
the  furnace-records  show  that  the  yield  of  ore-mixture  was  55  per 
cent.  iron.  The  weight  of  limestone  was  25  per  cent,  of  the  weight 
of  the  ore.     An  analysis  of  the  cinder  showed  : 


Silica, 
Alumina, 


Per  cent. 
32.31 
13.20 


The  limestone  contained  a  very  small  quantity  of  magnesia.  The 
blast  entered  the  furnace  through  eight  bronze  tuyeres  of  5^  inches 
diameter,  and  was  heated  to  a  temperature  of  1100  degrees.  The 
silicon  in  the  iron  averaged  about  2  per  cent.  The  ra])id  wear  of 
the  furnace  walls,  through  the  use  of  such  a  large  volume  of  air, 
gradually  increa.sed  the  consumption  of  coke  to  over  3000  pounds 
per  ton  of  iron.     At  the  end  of  the  first  twelve  full  months  the  out- 
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put  was  48,179  ton?,  on  an  average  coke  consumption  of  2859 
pounds  per  ton  of  iron.  The  second  year  showed  an  average  con- 
sumption of  3200  pounds  of  coke,  with  a  decrease  in  yield.  The 
upper  brick  of  the  stack  having  given  way,  the  furnace  was  blown 
out  after  a  blast  of  two  years  and  five  months,  iiaving  made  a  total 
product  of  112,060  tons,  on  an  average  coke  consumption  of  3149 
pounds  per  ton  of  iron. 

The  results  obtained  in  this  blast  determined  several  important 
changes  in  construction.  It  was  seen  that  the  crinoline  structure 
afforded  inadequate  protection  to  the  brick-work  of  the  stack,  in 
consequence  of  wiiich  it  was  torn  down  and  replaced  by  an  iron 
jacket;  also,  that  the  bosh-walls  should  be  ])rote<-ted  so  as  to  pre- 
serve as  far  as  possible  the  original  lines,  and  the  hearth  be  sur- 
rounded with  water-cooled  plates.  The  double  bell  was  also  found 
to  possess  no  special  advantage,  and  was  abandoned.  These  changes 
were  introduced  in  the  furnace  next  erected  at  the  works.  But, 
before  leaving  this  furnace,  I  wish  to  emphasize  the  bearing  that  the 
practice  of  rapid  driving,  begun  on  Furnace  '*A,"  ana  further 
developed  on  this  one,  had  on  the  general  practice  of  this  country. 
The  large  outputs  obtained  from  this  furnace  by  the  use  of  a  large 
volume  of  air,  was  a  matter  of  common  knowledge;  the  practice  of 
fast  driving  soon  became  the  accepted  one,  and  with  our  national 
ardor  it  was  })rosecuted  enthusiastically.  In  every  direction, engines 
that  had  been  running  along  for  years  at  a  methodical  gait,  were 
oiled  up  and  started  off  at  a  livelier  pace;  new  boilers  were  added; 
the  old  iron  hot-blast  stoves,  not  supplying  sufficient  heat,  were  torn 
down  and  replaced  by  the  more  efficient  fire-brick  stoves.  At  many 
works  rapid  driving  degenerated  into  excessive  driving.  True,  the 
outputs  increased;  so  also  did  the  consumption  of  fuel,  and  that  at  a 
surprising  rate,  until  it  was  thought  well-nigh  impossible  to  produce 
a  ton  of  iron  with  2600  pounds  of  coke. 

Mr  E.  C.  Potter,  of  Chicago,  sounded  the  note  of  warning  in  1 885, 
and  great  credit  is  due  to  him  for  demonstrating  that  large  outputs 
and  low  fuel-consumption  are  compatible.  Since  then  a  marked 
change  in  our  practice  has  taken  place,  and  the  volume  of  air  blown 
has  been  greatly  diminished. 

Although  the  practice  of  rapid  driving  has  been  much  decried, 
yet  in  many  ways  it  has  resulted  beneficially.  It  has  brought  in 
an  equipment  of  hot-blast  stoves,  boilers,  engines,  etc.,  sufficient  to 
accomplish  a  large  amount  of  work  without  a  constant  strain  on 
every  part — a   condition  very  rare  prior  to  1880;  and  it  has  also 
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developed  a  construction  of  the  furnace-stack,  by  which  larger  out- 
puts from  a  single  lining  can  be  obtained,  with  less  irregularity  in 
tiie  work i no;. 

Fig.  4  shows  a  furnace  of  different  construction  from  either  of 
the  preceding,  it  being  my  purpose  to  present  successive  tyj)es  of 
construction  rather  than  changes  in  the  same  furnace.  We  find  this 
furnace  constructed  with  special  regard  to  the  better  protection  of 
the  brick-work  of  hearth  and  bosh.  The  general  dimensions  are 
as  follows:  Height,  80  feet;  diameter  of  bosh,  23  feet;  diameter 
of  hearth,  11  feet  6  inches;  stock-line,  17  feet;  bell,  11  feet;  cubic 
capacity,  21,478  feet.  The  bosh  is  placed  at  about  the  center  of  the 
stack,  making  very  steep  walls.  The  hearth  is  also  made  wider  by 
6  inches  than  in  furnaces  previously  described.  The  hearth-walls 
are  surrounded  by  cast-iron  plates  with  a  coil  inside  for  thecirculatiou 
of  water.  Around  the  bottom  of  these  plates  is  a  gutter,  through 
which  waste-water  from  the  cooling-plates  flowed,  affording  better 
protection  to  the  bottom  of  the  hearth.  Above  this  row  of  plates,  at 
the  tuyere-breasts,  is  another  circle  of  cooling-plates,  partially  in- 
serted in  the  brick -work.  The  walls  of  the  bosh  are  encased  in  a 
jacket  of  wrought-iron,  J  inch  thick.  This  jacket  is  bolted  to  the 
mantle.  The  bosh-walls  inside  of  the  jacket  were  made  but  22J 
inches  thick,  so  that  the  cooling  effect  of  the  air-currents  on  the 
jacket  would  prevent  any  very  rapid  wear  of  the  brick-work. 

It  is  a  fact  well  known  in  our  practice  that  the  best  records  are 
obtained  within  the  first  year  of  a  blast,  as  the  walls  are  not  then 
affected  to  any  great  extent  by  wear.  With  the  better  protection 
afforded  by  more  recent  construction,  this  difference  has  not  been 
so  marked.  This  furnace  was  put  in  blast  in  1882,  and  in  the 
second  month,  made  the  large  yield  of  6045  tons,  on  a  coke  con- 
sumption of  2617  pounds.  In  the  first  twelve  full  months  the  out- 
put was  65,947  tons,  on  an  average  of  2570  pounds  of  coke  per  ton 
of  iron,'thus  exceeding,  by  over  11,000  tons,  the  best  output  that 
had  previously  been  obtained  in  the  same  time  from  any  furnace  at 
these  works,  and  with  a  much  smaller  consum{)tion  of  fuel.  The 
record  for  the  best  month  during  this  period  was  6131  tons,  on  a 
coke  consumption  of  2387  pounds  per  ton  of  iron.  The  amount 
of  air  blown  was  27,000  cubic  feet  per  minute,  which  was  heated  to 
an  average  temperature  of  1000  degrees.  The  pressure  of  blast  at 
the  tuyeres  varied  between  9  and  10  pounds.  After  a  blast  of  seven- 
teen months'  duration  this  furnace  was  blown  out,  having  made  a  total 
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output  of  90,317  tons,  on  an  average  coke  consumption  of  2613 
pounds  per  ton  of  iron. 

For  what  reason  tins  furnace  was  blown  out  I  do  not  know,  since 
the  consumption  of  fuel,  even  in  the  last  two  months  of  the  run, 
did  not  increase  more  than  100  pounds  above  the  average.  The 
furnace-records  afford  no  explanation  of  the  cause.  As  a  matter  of 
fact,  the  results  were  much  better  than  any  obtained  for  a  number 
of  years  afterwards.  They  serve,  also,  to  show  how  very  materially 
a  slight  protection  afforded  to  the  furnace-walls  affects  the  output 
and  the  consumption  of  fuel. 

As  illustrating  the  effects  of  an  excessive  volume  of  air,  I  may 
mention  a  furnace  put  in  blast  two  years  later — of  practically  the 
same  dimensions  and  protected  to  the  same  extent,  but  blown  with 
33,000  cubic  feet  of  air  per  minute — whidi  made  an  average  out- 
put of  5000  tons  per  month,  on  a  coke  consumption  of  3000  pounds 
per  ton  of  iron.  This  is  the  largest  amount  of  air  that  I  know  to 
have  been  forced  into  any  furnace.  The  fuel  consumption  is  what 
might  have  been  expected,  as  the  furnace  was  driven  at  such  a  rapid 
rate  that  the  imperlect  reduction  of  the  ores  in  its  cooler  parts  neces- 
sitated the  completion  of  the  reduction  at  a  temperature  sufficiently 
high  for  the  COj  to  react  on  the  carbon. 

In  the  next  drawing,  Fig.  5,  is  shown  a  different  arrangement  for 
maintaining  the  bosh-walls.  The  lower  part  of  the  hearth  is  sur- 
rounded by  cast-iron  plates.  On  top  of  these  rests  a  water-cooled 
corset-jacket,  fastened  together  with  links,  and  banded  at  the  upper 
and  lower  ends  by  iron  bands,  6  inches  wide  and  1  inch  thick.  The 
wrought-iron  bosh-jacket  is  dispensed  with  ;  and,  in  its  stead,  are  two 
bands  of  water-cooled  plates,  covering  the  greater  portion  of  the 
brick-work.  These  are  held  in  place  by  bands  at  the  top  and  bottom, 
and  also  by  being  inserted  a  short  distance  into  the  brick-work.  The 
tuyere-fittings  are  unique.  The  arrangement,  as  shown  in  the  draw- 
ing, consists,  first,  of  a  large  oval  block,  made  (^feast-iron,  and  water- 
cooled.  Fitting  into  this,  with  sufficient  space  left  for  a  clay  packing, 
is  a  large  bronze  cooler,  oval-shaped  at  the  outer  end,  but  with  a  cir- 
cular opening  at  the  inner  end  for  the  insertion  of  the  tuyeres.  This 
cooler  was  supported  by  trunnions  resting  on  the  block,  by  means  of 
which  the  nose  could  be  either  elevated  or  depressed.  Tlie  tuyeres 
were  siiaj)ed  to  make  a  ball-joint  connection  with  the  cooler,  so  that  a 
iiorizontal  delivery  of  the  blast  cuu Id  be  obtained  with  any  inclina- 
tion of  the  cooler,  'i'lie  adjustment  was  such  that  the  tuyeres  were 
placed  in  a  staggered  position,  there  being  as  much  as  6  inches  be- 
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tween  the  center-lines  of  any  two  adjacent  tuyeres.  The  reason  given 
for  thus  placing  the  tuyeres  was  "  to  obtain  a  greater  area  of  contact 
between  the  fuel  and  the  air."  No  such  benefit,  however,  was  de- 
rived, and  the  tuyeres  were  subsequently  placed  on  the  same  level. 

The  dimensions  of  the  furnace  are  shown  in  the  drawing.  The 
cubic  capacity  was  16,680  feet.  In  February,  1885,  the  furnace 
was  "blown  in."  The  volume  of  blast  was  rapidly  increased  until, 
in  the  following  month,  it  reached  31,000  cubic  feet  per  minute. 
The  blast  entered  the  furnace  through  eight  tuyeres,  7  inches  in 
diameter,  and  was  heated  to  an  average  temperature  of  1200  degrees. 
The  pressure  at  the  tuyeres  was  8|  pounds.  The  average  monthly 
output  from  March  to  August  inclusive  was  5122  tons  on  a  coke 
consumption  of  2874  pounds  per  ton  of  iron. 

As  this  was  the  third  blast  for  the  same  furnace  (a  companion 
furnace  to  that  shown  in  Fig.  3),  a  comparison  with  the  record  made 
at  the  same  relative  time  on  the  first  blast  will  show  the  effect  of 
different  rates  of  driving  on  the  fuel-economy.  In  the  first  blast  the 
coke-consumption  was  2600  pounds,  with  a  volume  of  air  of  24,000 
cubic  feet  per  minute;  in  this  blast  it  has  risen  to  2850  pounds, 
through  an  increase  in  the  volume  of  air  of  7000  cubic  feet. 

On  taking  charge  of  these  works  in  October,  1885,  I  endeavored 
to  reduce  the  volume  of  blast  in  order  to  diminish  the  consump- 
tion of  fuel.  The  reductions  were  made  slowly,  until  the  volume 
was  28,000  cubic  feet  per  minute.  Many  attempts  were  made  to 
reduce  it  still  further,  but  as  each  attempt  was  invariably  met  by 
great  irregularity  in  the  working  of  the  furnace,  further  efforts  in 
that  direction  were  abandoned.  The  volume  of  blast  was  therefore 
maintained  steadily  at  28,000  cubic  feet,  and  the  temperature, 
which  before  had  been  quite  variable,  was  maintained  more  uni- 
formly. At  the  same  time  the  cinder,  which  was  quite  basic,  was 
made  less  so. 

As  a  result  of  these  changes  the  output  increased  to  an  average  of 
6050  tons  per  month,  on  a  coke-consumption  of  2400  pounds  per 
ton  of  iron  ;  but  after  a  three  montlis'  trial  the  furnace  was  suddenly 
shut  down,  with  a  full  working  burden,  for  a  period  of -1  days,  on 
account  of  labor  troubles.  After  it  had  resumed,  and  the  bad  working 
incident  to  such  a  shut-down  had  been  remedied,  the  furnace  made 
an  average  monthly  output  vf  5700  tons;  but  the  consumption  of 
coke  had  advanced  to  2b00  pounds,  and  continued  at  that  figure  till 
the  end  of  the  blast.  On  account  of  the  uj)pcr  lining  being  destroyed, 
the  furnace  was   blown  out  after  a   blast  of  twenty-three   months. 
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The  total  output  for  the  blast  was  118,000  tons,  on  a  coke-consump- 
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tion  of  2705  pounds.  For  the  first  twelve  full  months  the  output 
was  64,998  tons,  on  a  coke-consumption  of  2677  pounds  per  ton  of 
iron. 

In  Fig.  6  is  shown  a  combination  of  Figs.  4  and  5  in  the  con- 
struction of  the  cooling-jackets  of  Furnace  "D'  in  1885.  From 
the  top  of  the  corset-jacket  down,  the  construction  is  an  exact 
duplicate  of  Fig.  5,  just  described.  But  between  the  corset  and 
wrought-iron  jackets  a  row  of  water-cooled  iron  plates  is  inserted  in 
the  brickwork.  There  are  eight  sections  in  the  circle,  all  being 
connected  together,  and  the  water  was  fed  from  the  high-pressure 
main.  The  advantage  of  a  high-water  pressure  on  this  kind  of 
plate  is  shown  by  the  fact  that  not  a  single  one  was  lost  during  the 
entire  blast. 

The  interior  shape  of  this  furnace  differs  very  materially  from 
those  previously  shown,  having  been  made  to  conform,  as  nearly  as 
possible,  with  a  furnace  at  the  South  Chicago  works,  which  was 
then  giving  excellent  results  in  regard  to  both  output  and 
consumption  of  fuel.  The  bell  is  increased  in  diameter,  and  the 
upper  walls  are  drawn  in,  making  a  less  diameter  at  the  stock  line. 
The  bosh  is  22  feet  in  diameter,  the  total  height  80  feet  and  the 
cubic  capacity  18,950.  There  are  eight  tuyeres,  each  5  inches  in 
diameter. 

This  furnace  was  "blown  in"  in  September,  1885,  and  in  one 
week  from  starting,  the  volume  of  blast  was  27,000  cubic  feet  per 
minute,  and  was  at  this  figure  when  the  furnace  came  under  my 
management.  Within  the  next  two  months  I  reduced  this  volume 
to  22,000  cubic  feet,  which  was  heated  to  a  temperature  of  1300 
degrees. 

Tiie  product  for  October  was  6320  tons,  and  for  November  6306 
tons,  on  a  coke-consumption  of  2396  jiounds.  In  December,  the 
output  on  the  decreased  volume  of  blast  increased  to  6451  tons,  and 
the  consumj)tion  of  coke  had  fallen  to  2172  pounds.  During  the. 
months  of  fJanuary  and  February,  1886,  we  were  unfortunately 
compelled  to  shut  down  for  thirty-three  days.  In  the  month  of 
March  the  output  was  6352  tons,  on  a  coke-consumption  of  2105 
pounds.  For  the  first  full  twelve  months  the  output  was  74,475 
tons,  on  an  average  coke-consumption  of  2250  pounds  per  ton  of 
iron.  During  the  last  year  that  the  furnace  was  in  blast,  the 
volume  of  air  was  gradually  increased  to  27,000  cubic  feet  per 
minute.  The  inwalls  were  nuich  worn,  and  the  grade  of  iron  had 
become  variable;  but  with  the  increased  volume  of  air,  the  working 
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became  very  uniform.  In  the  last  8  months  of  the  bhist,  the 
consumption  of  coke  had  risen  to  2500  pounds.  After  a  blast  of 
twenty-six  months,  the  furnace  was  blown  out,  having  made  a  total 
output  of  150,374  tons  on  an  average  fuel-consumption  of  2342 
pounds  per  ton  of  iron.  At  no  time  in  the  blast  did  the  coke  con- 
sumption reach  2600  pounds,  except  in  the  third  month  before 
blowing  out.  The  best  output  obtained  in  any  single  month  was 
6730  tons. 

While  these  records  were  much  better  than  any  previous  ones  at 
the  same  works,  it  was  evident  that  had  the  bosh-walls  been  entirely 
protected  with  cooling-plates,  still  better  results  would  have  been 
obtained.  When  exterior  cooling-jackets  only  are  used,  the  pre- 
serving of  the  furnace  lines  depends  wholly  uj)on  the  carbon  coating 
which  is  deposited  upon  the  brick- work  as  the  latter  wears  away  ; 
in  fact,  were  it  not  for  this  protection,  the  bricks  would  last  but  a 
very  short  time  indeed.  When  this  coating  increases  in  thickness, 
the  furnace  works  far  more  regularly  and  economically ;  and  in  a 
furnace  considerably  worn,  the  thickness  of  this  carbon  wall  is  to  a 
great  extent  the  measure  of  its  economical  working.  We  have 
repaired  bosh-walls  where  only  6  inches  of  the  brick- work  remained  ; 
but  inside  was  found  this  coating,  18  to  20  inches  thick,  firmly  set 
and  far  more  difficult  to  penetrate  with  a  drill  than  the  firmest 
brick-work.  But  while  the  thickness  of  this  coating  may  be 
increased  at  will,  yet  it  can  only  be  done  at  the  expense  of  fuel ;  and 
so  unstable  is  the  formation,  that  the  expensive  operation  of  building 
up — extending  ov^er  months — may  be  dissipated  in  a  week  or  two, 
by  running  the  furnace  on  an  acid  cinder. 

Fig.  7  shows  the  same  furnace  as  Fig.  5,  with  the  bosh  entirely 
protected  by  cooling-plates  inserted  in  the  brick-work.  A  compar- 
ison of  the  two  drawings  will  show  the  changes  in  construction. 
The  hearth  has  been  widened  to  11  feet  diameter.  The  diameter  of 
bosh  is  also  increased  1  foot,  and  the  stock-line  is  reduced  15  inches. 
The  hearth  is  protected  by  water-cooled  plates,  which  by  their 
slanting  position,  admit  a  greater  tliickness  of  brick-work  at  the 
bottom.  These  plates  are  practically  automatic,  as  under  an 
expansion  of  the  brick-work  they  slide  up.  In  some  cases  they 
have  raised  as  much  as  3  inches.  In  the  bosh  are  4  rows  of  bronze 
cooling-plates,  eight  plates  forming  the  circle,  and  each  plate  having 
two  water-courses.  In  the  two  lower  rows  each  plate  is  fed 
separately;  in  the  upper  rows,  two  plates  are  connected  together. 
We   have   found,  from  quite   a    number  of  tests,   that   the    water 
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circulating  tliroiigh  these  plates  increased  10  degrees  in  temperature. 
Cast-iron  cooling-plates  are  also  placed  between  the  tuyeres,  the 
number  of  the  latter  being  reduced  to  7,  each  6  inches  in  diameter. 
The  cubic  capacity  of  the  furnace  is  17,230  feet. 

This  furnace  was  "  blown  in"  in  March,  1887,  and  in  April  made 
5591  tons,  on  a  coke  consumption  of  2105  pounds.  In  May  and 
June  the  output  was  small,  a  stopj)age  occurring  on  account  of  a 
shortage  in  the  coke-supply.  In  July  the  output  increased  to  6243 
tons,  and  in  September  reached  7064  tons,  on  a  coke-consumption 
of  1993  pounds.  The  volume  of  air  blown  was  24,000  cubic  feet 
per  minute,  heated  to  an  average  temperature  of  1200  degrees. 
This  furnace  continued  to  do  excellent  work  until  the  following 
December,  when  a  stoppage  of  4^  months  occurred,  pending  an 
adjustment  of  the  wage-question.  In  the  nine  months  that  the 
furnace  had  been  in  blast  previous  to  this  stop — and  including  the 
stoppage  on  account  of  coke-shortage — the  fuel-consumption  did  not 
exceed  2160  pounds  per  ton  of  iron.  In  May  operations  were 
resumed.  While  the  output  soon  reached  the  former  figures,  yet 
the  coke-consumption  was  rarely  reduced  for  any  one  month — even 
to  the  end  of  the  blast — below  2300  pounds.  In  the  period  extend- 
ing from  October,  1888,  to  January,  1890,  the  average  monthly 
output  was  7000  tons,  on  a  coke-consumption  of  2350  pounds. 
During  this  j)eriod  the  volume  of  air  had  been  increased  to  27,000 
cubic  feet  per  minute.  The  temperature  of  blast  was  still  maintained 
at  1200  degrees.  The  average  pressure  of  blast  at  the  tuyeres  was 
8  pounds.  On  account  of  the  brick-work  in  the  bosh  being  very 
much  worn,  the  furnace  was  blown  out  after  a  run  of  2  years,  7 
months  and  17  days — exclusive  of  the  time  the  furnace  was  banked. 
The  output  for  the  blast  was  203,050  tons,  on  an  average  coke- 
consumption  of  2342  pounds  per  ton  of  iron.  The  output  for  the 
first  twelve  full  months  was  72,554tons,  on  a  coke-consumption  of 
2230  pounds.  For  the  second  twelve  months,  during  which  no 
stoppage  occurred,  the  output  was  83,219  tons.  The  best  output 
made  in  any  one  month  was  7680  tons. 

It  will  be  seen  by  the  preceding  description  that  the  results  both 
in  output  and  economy  of  fuel  have  been  materially  affected  by  the 
long  stops  that  the  furnace  was  subjected  to.  Under  a  continuous 
run,  much  better  results  would  have  been  attained. 

The  advantages  of  this  system  of  cooling  the  bosh  were  very 
marked,  and  although  quite  a  number  of  plates  were  lost  from  vari- 
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ous  causes  during  the  blast,  yet  when  a  new  one  was  inserted,  the 
furnace  invariably  showed  an  improvement  in  its  working. 

In  the  next  drawing,  Fig.  8,  is  seen  the  same  construction  of  hearth 
and  bosh  applied  to  one  of  our  larger  furnaces.  In  fact,  the  furnace 
just  described  was  remodelled  after  this  one;  but  for  the  purpose  of 
comparing  two  consecutive  blasts  on  the  latter  I  have  placed  it 
earlier.  This  furnace  was  built  in  1885-86.  The  total  height  is  80 
feet;  the  diameter  of  hearth,  11  feet ;  the  diameter  of  bosh,  23  feet. 
The  bell  is  12  feet  in  diameter,  and  the  stock-line  16  feet.  The 
cubic  capacity  is  19,800  feet.  The  construction  of  hearth  and  bosh 
is  the  same  as  in  Fig.  7.  There  are  7  tuyeres,  each  6  inches  in 
diameter. 

The  furnace  was  started  in  October,  1886.  The  record  for  the 
next  three  mouths  is  as  follows : 

Table  III. — Showing  the  Working  of  Furnace  F,  Fig.  8. 


Months. 

Tons. 

Pounds  of  Coke 
per  Ton  of  Iron. 

November,  1886 

6,735 
7,494 
8,398 

2,128 
2,105 
1,935 

January,      1887 

From  January  to  May  inclusive,  the  average  monthly  output  wa.s 
8150  tons,  on  a  coke-consumption  of  1980  pounds.  The  vohime  of 
air  blown  was  27,000  cubic  feet  per  minute,  which  was  heated  to  an 
average  temperature  of  1200  degrees.  The  pressure  at  the  tuyeres 
varied  from  9  to  10  j)Ounds,  and  was  generally  the  latter  figure  when 
tlie  outputs  were  largest.  In  June,  tiie  furnace  wasbatiked  for  eight 
days  on  account  of  scarcity  of  coke,  as  previously  mentioned.  As 
this  furnace  had  been  doing  such  excellent  work,  the  others  were 
banked  first,  in  order  to  give  this  one,  if  possible,  a  continuous  blast ; 
but  the  supply  of  coke  failed,  and  although  the  stop  was  compara- 
tively a  short  one,  yet,  as  a  result  of  it,  the  coke-consumption  in- 
creased to  2300  pounds.  The  monthly  output  from  this  time,  up 
to  January,  1888,  was  7400  tons,  when  a  second  stoppage  on  account 
of  labor  troubles  occurred.  The  length  of  this  stop  was  67  days; 
and,  although  the  product  was  excci)tionally  large,  even  to  the  end 
of  tlie  blast — reaching  in  some  months  to  over  8000  tons — the  con- 
sumption of  coke  increased  to  an  average  of  2450  pounds. 
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Fig.  8. 
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It  is  greatly  to  be  regretted  that  our  work  does  not  show  an  un- 
interrupted blast;   since  our  records  show,  in  nearly  every  case,  a 
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decrease  in  output  and  an  increase  in  fuel -consumption  from  150  to 
200  pounds  per  ton  of  iron,  as  a  result  of  each  "  banking-up." 

As  a  portion  of  the  upper  lining  gave  way  in  August,  1889,  the 
furnace  was  blown  out.  The  last  full  month  (July)  in  blast  showed 
an  output  of  6491  tons.  The  furnace  was  in  blast — exclusive  of  the 
two  stoppages  I  have  mentioned — 2  years,  7  months  and  10  days, 
and  made  in  that  time  221,795  tons  of  iron,  on  an  average  coke  con- 
sumption of  2317  pounds.  The  output  for  the  first  12  full  months 
was  88,940  tons  on  2150  pounds  of  coke.  The  efficiency  of  the 
cooling-plates  on  the  bosh-walls  was  very  marked  in  this  case.  The 
exterior  brick-work  was  in  as  good  condition  as  at  the  beginning  of 
the  blast,  neither  a  crack,  nor  a  brick  forced  out  of  position,  showing 
anywhere.  After  the  stack  was  cleaned  out  a  careful  inspection  was 
made.  The  bosh-walls  were  found  to  be  in  good  condition.  A 
measurement  at  the  bosh-line  showed  that  the  furnace  had  widened 
out  18  inches,  but  with  such  uniformity  that  the  widest  variation 
shown  by  the  gauge  did  not  exceed  2  inches.  From  the  bosh-line 
to  the  top  of  furnace  the  wear  was  very  much  greater.  The  furnace 
was  relined  without  delay,  and  after  a  two  weeks'  drying  out  was 
put  in  blast  on  September  25,  188^*,  just  seven  weeks  from  the  time 
of  blowing  out.  The  construction  is  the  same  in  every  particular, 
except  that  the  diameter  of  the  bosh  is  reduced  to  22  feet,  and  the 
stock-line  to  15  feet,  6  inches.  The  lining  runs  straight  from  bosh 
to  stock-line.  This  change  reduced  the  cubic  capacity  to  18,200 
feet..  The  same  number  and  size  of  tuyeres  are  used.  The  volume 
of  air  blown  is  25,000  cubic  feet  per  minute,  a  reduction  of  2000 
cubic  feet  from  that  used  in  previous  blast.  Beginning  with  October, 
the  record  of  monthly  outputs  and  coke  consumption  to  the  present 
time  is  as  follows  : 


Table  IV. — Showing  the  Working  of  Furnace  F,  Fig.  8. 


Months. 

Tons. 

Pounds  of  Coke 
per  Ton  of  Iron. 

October,     1889 

6,521 

9,097 

10,603 

10,536 

8,954 

9,941 

10.075 

10,035 

2.450 
1,897 
1,756 
1,7.37 
1,859 
1,845 
1,847 
1,884 

1 

November,   "   

December,    "   

January,    1890 

February,     ''    

Miircb,           "    

April,            "    

Mav,              "    

The  best  output  for  any  one  week  is  2462  tons.     The  tempera- 


DEVELOPMENT  OF   AMERICAN   BLAST-FURNACES.  955 

ture  of  blast  averages  1100°  and  the  pressure  9|  pounds.  The  tem- 
perature of  the  escaping  gases  is  340°.     An  average  composition  is  : 

CO,  27.5  per  cent.  C0.,_ 

CO,,  11.7      "  C0~ 

Counting  the  time  tlie  furnace  was  running  in  the  first  blast,  and 
up  to  the  end  of  May,  1890,  in  tiie  second  blast,  including  also  tiie 
time  spent  in  relining,  the  period  covered  is  3  years  and  5  months  ; 
and  in  that  time  this  furnace  has  made  an  output  of  301,205  tons,  a 
record  which  is  unparalleled.  In  the  month  of  May,  this,  together 
with  a  companion-furnace  of  precisely  the  same  dimensions,  made  an 
output  of  20,192  tons,  on  an  average  coke-consumption  of  1882 
pounds  per  ton  of  iron.  The  ores  used  are  from  the  Lake  Superior 
region,  and  yield  through  the  furnace  62  per  cent,  of  iron.  The 
proportion  of  limestone  carried  is  28  per  cent,  of  the  ore-burden,  and 
about  1200  pounds  of  cinder  are  made  per  ton  of  iron.  The  average 
analysis  of  the  cinder  is  as  follows : 

Per  cent. 

Silica, 33.00 

Alumina, 13.00 

The  stone  used  contained  but  a  very  small  quantity  of  magnesia. 
The  silicon  in  the  iron  averages  1.60  per  cent.,  the  iron  being  run 
into  ladles  and  sent  to  the  converting-mill  direct.  The  suitableness 
of  the  metal  for  this  "direct  process,"  as  we  term  it,  will  be  appre- 
ciated from  the  fact  that  under  the  rigid  system  of  foundry-grading 
— by  the  fracture — the  average  percentage  of  grades  Nos.  1  and  2 
from  all  of  our  furnaces  for  the  first  five  months  of  this  year  was  95 
per  cent.,  and  the  analyses  of  100  ladles,  filled  consecutively  from  the 
furnaces,  show  average  sulphur-contents  of  0.023  per  cent. 

I  shall  not  undertake  to  say  what  these  furnaces  will  accomplish 
on  an  uninterrupted  blast;  but  I  believe  the  day  is  not  far  distant 
when  we  shall  be  able  to  show  a  record  of  300,000  tons  from  a  fur- 
nace in  three  years,  and  on  a  single  lining. 

In  the  period  covered  by  the  last  decade  there  are  three  steps  in 
the  development  of  American  blast-furnace  practice  that  might  be 
mentioned — first,  in  1880,  the  introduction  of  rapid  driving,  with  its 
large  outputs  and  high  fuel-consumption;  second,  in  1885,  the  pro- 
duction of  an  equally  large  amount  of  iron  with  a  low  fuel-consump- 
tion, by  slow  driving;  and  third,  in  1890,  the  production  of  nearly 
double  that  quantity  of  iron,  on  a  low  fuel-consumption,  through 
rapid  driving. 

Table  V.,  on  page  913,  gives  a  summary  of  the  preceding  data. 
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Discussion. 

Sir  Lowthian  Bell,  Middlesbrough,  England  :  If  the  creation 
of  the  Iron  and  Steel  Institute  had  been  followed  by  no  more  im- 
portant results  than  the  oj)portunities  it  has  afforded  those  occuj>ie(l 
in  a  common  pursuit,  of  comparing  the  results  of  their  individual 
experience,  it  has  done  good  work.  It  has  taught  us,  among  other 
things,  that  any  knowledge  we  may  im})art  to  each  other  must  not 
be  regarded  as  a  mere  gift,  but  rather  as  an  exchange,  the  value  of 
which  cannot  be  estimated  by  the  sum  of  the  two,  but  by  entirely 
new  factors,  requiring  the  united  experience  and  knowledge  possessed 
by  the  giver  and  the  receiver. 

Speaking  from  my  own  experience,  this  has  been  amply  illustrated 
in  the  frequent  and,  to  myself,  most  beneficial  relations  which  I  have 
been  fortunate  enough  to  establish  with  a  large  number  of  the  leadr 
ing  manufacturers  in  the  United  States  of  America,  as  well  as  with 
numerous  other  friends  in  various  countries  of  Europe.  Lastly,  I 
am  indebted  to  my  connection  with  this  Institute  for  the  oppor- 
tunity of  again  visiting  the  United  States,  and  seeing  once  more 
those  gentlemen  from  whom  I  have  received  so  much  attention, 
and  towards  whom  I  feel  myself  drawn  by  ties  of  the  warmest  friend- 
ship. 

It  is  unnecessary  to  assure  the  author  of  the  paper  before  us  how 
grateful  the  members  of  this  body  must  feel  for  the  thoroughness  of 
the  work  he  has  performed.  Iron  manufacturers  for  some  time  have 
been  accustomed  to  follow,  as  closely  as  the  nature  of  the  operation 
permits,  the  action  of  the  blast-furnace,  and  to  study  the  laws  which 
regulate  that  action.  The  results,  however,  which  have  been  com- 
municated to  us  this  morning  may  well  suggest  the  idea  whether  in 
our  previous  estimates  we  have  not  overlooked  some  of  the  conditions 
involved  in  smelting  the  ores  of  iron,  for  we  have  not  only  to  con- 
sider the  low  consumption  of  fuel  mentioned  by  Mr.  Gay  ley,  but  the 
hitherto  unparalleled  large  production  of  iron  from  one  furnace. 
Thinking  that  it  might  interest  others  as  well  as  myself,  I  have  ex- 
amined the  figures  given  us  by  the  author,  and  compared  them  with 
those  of  furnaces  working  under  very  different  conditions,  and  I 
hope  to  be  able  to  show  you  that  it  is  not  necessary  to  look  for  any 
new  law  to  account  for  what,  at  first  sight,  seems  little  short  of  in- 
credible. 

The  problem  before  us  is  to  account,  if  we  can,  for  a  furnace  pro- 
ducing about  five  times  as  much  iron  as  we  have  hitherto  made  in 
Cleveland  from  our  poorer  ore  and  about  twice  as  much  as  has  been 
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obtained  from  our  English  hematite-furnaces  of  like  dimensions. 
And  this  has  been  accomi)lished  in  the  particular  case  before  us  with 
an  expenditure  of  1 6.80  cwts.  of  coke  per  ton  of  iron  of  a  high  average 
quality. 

The  consumption  of  coke  per  ton  of  iron  depends  on  its  quality,  or 
on  the  more  or  less  perfect  manner  of  its  combustion,  or  on  the  amount 
of  work  it  has  to  perform. 

Now,  so  far  as  concerns  Connellsville  coke,  which  was  used  in  the 
case  before  us,  nothing  can  be  attributed  to  superiority  of  quality  ; 
for  instead  of  containing  5  to  7^  per  cent,  of  ash,  like  the  coke 
of  Durham,  it  has  rarely  less  than  10  per  cent.,  and  sometimes 
more. 

The  completeness  of  the  combustion  must  be  judged  by  the  amount 
of  carbonic  acid  in  the  furnace-gases.  When  we  compare  the  heat 
obtained  from  each  unit  of  coke  in  a  Cleveland  furnace  with  that 
obtained  in  the  Pittsburgh  furnace  (estimated  as  nearly  as  I  have 
been  able  from  Mr.  Gayley's  data),  we  find  a  somewhat  higher 
duty  for  the  former — partly  because,  in  the  gases  of  the  Pittsburgh 
furnace,  the  proportion  of  carbon  as  carbonic  acid  to  that  as  carbonic 
oxide  is  slightly  below  what  is  often  found  in  the  gases  of  a  Cleve- 
land furnace;  partly  because  the  temperature  of  the  blast  of  the 
Pittsburgh  furnace  is  not  quite  so  high ;  and  partly  because  of  the 
higher  ash  in  the  American  than  in  the  English  coke.  The  effect 
of  these  conditions  is  evidenced  in  the  following  figures: 

Heat  developed  by  one  unit  of  coke: 

Cleveland.       Pittsburgh. 


Calories.* 

Calories.* 

Carbon  burnt  to  carbonic  oxide,  . 

.     2032 

1898 

Part  of  above  burnt  to  carbonic  acid,    . 

.     1672 

1626 

Heat  in  blast, 

.      727 

617 

Totals,     .         .         .     4431  4141 

Showing  a  difference  of  7|  per  cent,  in  favor  of  the  Cleveland  fur- 
nace. It  may  be  remarked  that  the  relation  between  carbon  as  car- 
bonic acid  and  carbon  as  carbonic  oxide  in  the  Cleveland  furnace  is  as 
1  to  2.11  against  1  to  2.35  in  the  Pittsburgh  furnace.  On  the  other 
hand,  the  actual  quantity  of  carbon  as  carbonic  acid  is  5.97  cwts.  in 
the  former  against  4.80  cwts.  in  the  latter.  As  the  generation  of 
carbonic  acid  is  almost  entirely  due  to  the  oxidation  of  carbonic  oxide 

*  Centigrade  units :  one  calorie  equals  3.968  Britisb  thermal  units. 
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by  the  act  of  reduction  of  the  ore,  the  difference  in  quantity  of  car- 
bonic acid  in  the  Pittsburgh  furnace-gases  must  result  from  its  par- 
tial return  to  the  condition  of  carbonic  oxide,  involving  thereby  a 
loss  of  about  5G00  calories  {)er  ton  of  iron.  I  believe  that  5.97  cwts. 
of  carbon  as  carbonic  acid,  per  ton  of  iron,  is  about  the  full  quantity 
capable  of  being  produced  by  the  reduction  of  the  ore. 

The  furnace  with  which  this  Pitt.sburgh  furnace  has  been  com- 
pared performed  its  duty  under  an  entirely  different  .set  of  condi- 
tions, as  the  following  two  columns  of  figures  show  : 


Working-Conditions. 

Cleveland.          Pittsbur'^h. 

Cubic  contents  of  furnace, 

. 

25,500            18,200 

Teraperatnre  of  blast. 

704°  C.          593°  C. 

Coke  consumed  per  ton  of  iron, 

19.99  cwts.     16.80c\vt. 

Limestone                "            " 

11.00     "          9.03     " 

Ore 

48.00     "        32.26     " 

Weight  of  blast  per  ton  of  iron. 

87.15     "        71.20     " 

Weight  of  gases,                " 

119.47     "       100.10     " 

Temperature  of  gases,      " 

250°  C.           171°  C. 

Weekly  product  of  iron  per  1000  cubic 

feet 

of  furnace-capacity,  . 

21.57  t'ns      128.00  t'ns* 

Slag  produced  per  ton  of  iron, 

28.00  cwt.  •    10.71  cwt. 

Calories,           "              "             .         . 

88,577           69,569 

To  appreciate  the  full  significance  of  these  figures,  I  have  prepared 
another  table  in  which  the  difference  in  the  various  factors  are  met 
by  corresponding  variations  in  the  appropriation  of  heat,  the  equiva- 
lents in  coke  being  also  given  : 

Heat-Requirements.                             Cleveland.  Pittsburgh. 

Calories.   Equivalent     Calories.  Equivalent 

Coke,  Lbs.  Colce,  Lbs. 

Reduction  of  peroxide  of  iron,       .33,108=7.47  33,108=8.00 

Reduction  ofmetalloids  in  pig  iron,    4,174=094  2,631=0  64 

Dissociation  of  carbonic  oxide,       .     1,440=0.33  1,460=0.35 

Fusion  of  pig-iron,        .         .        .     6,600=1.49  6,600=1.59 

Evaporation  of  water  in  coke,        .        275=0.06  83=:0.02 

Decomposition  of  water  in  blast,    .     2,380=0.54'  2,333=0.56 
Expulsion  of  carbonic   acid    from 

limestone 4,070=0  92  3,094=0.75 

Reduction  of  this  carbonic  acid  to 

CO 4,224=0.95  3,488=142 

Fusion  of  slag,        .         .         .         .15,400=3.48  5,890=0.84 

Carried  oflin  gases,        .         .        .     7,166=1.60  5,013=1.21 
Lost     by     radiation,     convection, 

tityere- water,  etc.,   .        .         .     9,740=2.21  5,869=1.42 

Totals,        .        .  88,577=19.99  69,569=16.80 

*  Average  of  3i  years,  2333  tons  per  week. 
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A  very  important  loss  of  heat  may  be  involved  in  that  carried 
away  in  the  escaping  erases;  and  the  lessening  of  this  source  of  loss 
bears  directly  on  the  large  make  of  the  furnaces  referred  to  by  Mr. 
Gayley,  and  accounts  for  a  large  portion  of  the  saving  effected  by 
the  hot  blast.  Thus,  when  furnaces  48  feet  in  height  were  blown 
with  cold  air,  nearly  25  per  cent,  of  the  effective  heat  of  the  coke — 
say  9  cwts.  per  ton  of  pig — was  carried  off  in  this  way  ;  but  by  heat- 
ing the  blast  to  485°  C.  one-half  of  this  heat  was  saved,  and  by  doub- 
ling the  capacity  of  the  furnace  the  loss  of  heat-  carried  away  in  the 
gases  was  further  reduced  to  less  than  2  cwt.  of  coke.  I  have  heard 
the  large  make  and  fuel-economy  of  these  Pittsburgh  furnaces 
attributed  to  the  facility  with  which  the  Lake  Superior  ore  is 
reduced.  In  ray  opinion,  this  is  doubtful.  In  my  experiments  I 
have  made  many  com))arative  trials  of  the  readiness  with  which 
diflPerent  ores  part  with  their  oxygen.  Of  all,  I  believe  the  ore  of 
our  Cleveland  hills  retains  its  oxygen  with  the  greatest  tenacity  ;  but 
nevertheless  the  reduction,  so  far  as  it  is  effected  in  the  upper  zone, 
is  accomplished  during  the  descent  of  this  ore  through  the  first  10 
feet  of  an  80-foot  furnace.  I  have  purposely  qualified  my  remark 
as  to  the  amount  of  reduction  effected  in  these  upper  10  feet,  because 
I  think  (hat  about  25  per  cent,  of  the  oxygen  is  retained  until  the 
region  of  the  tuyeres  is  reached. 

One  cause  of  the  high  temperature  at  which  the  furnace-gases 
escape  is  the  undue  rapidity  with  which  they  rise  through  the 
columns  of  descending  solids.  From  this  it  might  be  inferred  that 
the  rapid  driving  of  the  Pittsburgh  furnaces  would  aggravate  the 
loss  from  this  cause,  whereas  the  contrary  is  the  fact,  seeing  that  the 
amount  of  gas  in  a  given  time  is  three  times  as  great  in  them  as  in 
those  of  Middlesbrough  ;  and  if  we  take  account  of  (he  difference 
in  the  cubic  capacity,  about  four  times  as  much  gas  is  passing 
hrough  a  given  space  in  the  American  as  in  the  English  furnace. 
To  account  for  this  apparent  anomaly  is  the  only  remaining  question. 
To  do  this,  we  may  neglect  the  chemical  action  going  on  in  the 
interior  of  the  furnace,  and  consider  only  the  cooling  of  the  gases  as 
effected  by  their  meeting  during  their  ascent  the  descending  column 
of  cooler  solids. 

Let  us  suppose  a  tall  vessel  filled  with  small  balls,  .say  of  calcined 
Cleveland  ore.  A  current  of  hot  air  is  passed  through  them,  and 
in  time  the  air  will  flow  out  of  the  top  at  about  the  (emperature  at 
which  it  enters  below,  the  slight  difference  being  due  to  loss  through 
the  sides  of  the  ve.s.sel.     We   now  commence  (o   withdraw  the  balls 
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from  the  bottom,  say  at  the  rate  of  twenty  per  minute,  adding  the 
same  number  at  the  top.  The  escaping  current  becomes  slightly 
cooler,  which  means  that  a  loss  of  heat  at  the  top  is  still  going  on, 
but  the  balls  withdrawn  are  still  at  a  high  temperature.  Next,  we 
increase  the  rate  of  withdrawal  to  200  per  minute,  by  which  the 
gases  fall,  let  us  say,  to  atmospheric  temperature;  but  we  now  find 
that  the  2C0  balls  withdrawn  are  no  longer  heated  to  the  cesired 
temperature,  which  shows  that  we  have  exceeded  the  heating  capa- 
city of  the  current  of  hot  air,  and  we  are  obliged  to  retard  the  rate 
of  withdrawal  until  the  desired  elevation  is  obtained.  It  follows 
from  this  experiment,  that  there  is  a  given  rate  somewhat  between 
20  and  200  balls  per  minute  which  gives  the  best  result. 

In  an  old  blast-furnace  of  6000  cubic  feet  capacity,  smelting 
Cleveland  ore,  36.7  tons  of  iron  were  made  weekly  per  1000  cul)ic 
feet  of  capacity  ;  the  temperature  of  the  escaping  gas  was  451°  G., 
the  blast  being  485°  C  The  equivalent  loss  of  coke  in  the  escap- 
ing gases  was  5  cwt.  After  increasing  the  furnace-capacity  to 
15,500  cubic  feet,  the  loss  from  this  cause  was  reduced  to  2|^  cwts. ; 
but  instead  of  obtaining  36.7  tons  of  iron  per  week  per  1000  feet  of 
capacity,  we  got  only  about  22  tons;  the  heat-intercepting  power  of 
our  furnace-charges  being  capable  of  reducing  the  temperature  of. 
the  escaping  gases  to  310°  C. 

It  is  quite  reasonable,  however,  to  suppose  that  materials  might 
be  introduced  at  the  toj)  of  the  furnace  which  would  be  capable  of 
intercepting  heat  more  effectively  than  Cleveland  ironstone.  I 
believe  that  your  compact  Lake  Superior  ore,  containing  one-half 
more  iron  than  ours,  possesses  this  property,  and  in  consequence  your 
Pittsburgh  furnace-gases  escape  at  a  temperature  of  171°,  which  I 
estimate  represents  a  loss  of  only  0.93  cwt.  of  coke  per  ton  of  pig. 

If  the  rate  of  driving  in  the  Pittsburgh  furnace  represents  the 
position  of  equilibrium  which  I  have  sought  to  describe,  you  will 
lose  heat  and  waste  coke  by  driving  either  more  slowly  or  more 
quickly  than  you  are  now  doing. 

Edgar  S.  Cook,  Pottstown,  Pa.:  In  view  of  the  vast  advances 
in  the  production  of  pig-iron  within  the  last  ten  years  (not  all  due, 
by  the  way,  to  improved  construction  and  equipment),  he  would  be 
a  bold  pro[)het,  indeed,  who  should  put  liimself  on  record  by 
prophesying  that  the  end  had  been  reacheil.  Though  progress  in 
the  future  may  not  be  made  with  such  giant  strides  as  in  the  past, 
there  is  ample  scope  for  earnest  endeavor   in   i)iinging   the  average 
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work  of  very  many  furnaces  up  to  the  high  standard  of  the  Edgar 
Thomson  furnaces,  as  made  public  by  Mr.  Gay  ley. 

Ai  the  present  time,  when  the  author  has  so  ably  treated  of  the 
large  and  splendidly  equipped    furnaces   which   use  coke-fuel  and 
burdens   of  the   rich   Lake  ores,  the  advances  of  smaller  furnaces 
using  anthracite-fuel    may  not   be  without   interest.     In   1872,  the 
State  of  Pennsylvania  produced  968,453  short  tons  of  anthracite 
pig-iron   and   only  388,011    short  tons  of  coke-iron,  out  of  a  total 
product  for  the  United  States  of  2,854,558  tons.     The  Pennsylvania 
furnaces    in   1880   made  1,237,930  tons  of  anthracite  and  801,817 
tons  coke-iron,  out  of  a  total    ])roduct  of  4,295,414  tons;  while  in 
1889  the  furnaces  situated  in  the  anthracite-district  of  Pennsylvania 
are  credited  with  a  yield  of  1,793,639  tons,  and   the  coke-furnaces 
2,371,652  tons,  out  of  a  total  of  8,516.079  short  tons  for  the  whole 
country.     Previous  to  1882,  little  or  no  coke  was  used  in  admixture 
with   anthracite.     Since  1883,    the   use  of  a   portion   of  coke    has 
become  almost  universal  in  theanthra-cite-districts.     Many  furnaces, 
though    in   close   proximity   to   the  anthracite-fields,   use   coke-fuel 
exclusively,  so  that  of  the  1,793,639  tons  credited  to  the  anthracite 
districts  for   1889,  only  344,358   tons  were   made  from   anthracite 
exclusively.     Thus  it  would  appear  that  the  anthracite-iron  industry 
is  a  decaying  one,  soon  to  disa|)pear  from  the  State,  unless  the  coal- 
railroads  adopt  a  more  liberal'  jiolicy  for  the  future  than  has  charac- 
terized   them    in   the   past.     Coke-fuel   costs   more   jier  ton  in  the 
districts  referred  to  than  coal.     The  preference  siiown  to  the  former 
as   a   blast-furnace   fuel    is   due  to  the  greater  ease  with   which  the 
furnace  is  controlled  and  the  less  risk  of  costly  scaffolds  and  chills. 
No   one,   not  practically   acquainted  with   the  subject,   is  likely  to 
appreciate  the  difference  in  the  actual  management  of  furnaces  using 
anthrncite  coal  and  coke  respectively.     The  difficulties  attending  the 
former  greatly  exceed  the  latter.     Mr.  Gayley,  no  doubt,  can  speak 
feelingly  on  this  subject;  and  he  maybe  willing  to  attribute  part  of 
his  deserved  success   in  coke-practice  to  his  severe  training  in  the 
anthracite  part  of  the  business.     At  the  same  time,  if  the  anthracite- 
furnace  is  successfully  and   economically   handled,  the   profits  are 
greater  or  the  losses  smaller  than  if  the  more  expensive  coke  is  used. 
The   development     in    fnrnace-j)ractice    east    of    the    Allegheny 
mountains,  within  the  last  ten    years,  will   compare   favorably  with 
the  advancement  made  in  the  West,  notwithstanding  that  the  yearly 
product  of  any  single  furnace  sinks  into  insignificance  when  compared 
with    the  vast   outputs  ol)tained  at  Pittsburgh  and  Chicago.     As  the 
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Edgar  Thomson  furnaces  fairly  represent  tlie  progress  in  coke- 
practice,  so  the  Warwick  furnace,  at  Pottstown,  Pa.,  may  be  taken 
to  illustrate  the  improvement  in  anthracite-practice,  although  it  is 
by  no  means  alone  in  the  work.  I  assumed  the  management  of  this 
furnace  in  December,  1877.  It  had  been  built  and  first  bhnvn  in 
during  187^,  and  run  with  indifferent  success,  averaging  about  twenty 
tons  of  iron  per  day.  The  furnace  was  originally  of  16  feet  bosh, 
and  55  feet  high.  The  bosh  diameter  was  afterwards  reduced  six 
inches,  and  the  height  increased  six  inches,  the  capacity  being  about 
5500  cubic  feet.  Previous  to  J  878,  furnaces  of  this  size  were 
making  from  150  to  250  tons  per  week,  the  latter  figure  being  con- 
sidered rather  exceptional.  From  1 J  to  2  long  tons  of  coal  per  ton 
of  iron  was  about  the  average  fuel  consumption.  The  Warwick 
furnace  in  1878  produced  17,148  tons,  of  2268  pounds,*  an  average 
of  nearly  330  tons  per  week,  using  2912  pounds  of  coal  per  ton  of 
iron.  The  ore-mixture  yielded  45.4  per  cent,  iron,  and  the  furnace 
was  blown  with  8300  cubic  feet  of  air  per  minute,  heated  in  iron- 
pipe  stoves  to  855  degrees  Fahr.  For  1879  the  product  was  19,387 
tons,  or  about  373  tons  per  week,  with  2912  pounds  of  coal  per  ton 
of  iron.  The  ores  yielded  44.7  per  cent,  iron,  and  the  volume  of 
blast  was  8300  cubic  feet  of  air  per  minute,  heated  to  850  degrees 
Fahr.  The  campaign  terminated  in  January,  1880,  the  furnace 
having  run  107  weeks,  and  made  37,300  tons  of  pig.  In  starting,  we 
blew  in  on  an  old  in-wall.  This  gave  way  directly  above  the  boshes, 
and  gas  penetrated  to  the  red  brick  shell,  necessitating  blowing-out. 
At  the  time,  this  work  was  quite  a  revelation,  so  far  as  the  use  of 
anthracite-fuel  was  concerned,  and  was  the  subject  of  wide  remark, 
occurring,  as  it  did,  about  when  the  Lucy  furnace,  at  Pittsburgh,  was 
showing  the  possibilities  of  coke  and  creating  a  stir  in  the  iron 
circles,  not  only  of  that  vicinity,  but  of  the  country  at  large  as  well. 
Comments  were  numerous,  and  some,  of  course,  unfavorable.  It 
was  asserted  that  no  furnace  brick-work  could  stand  such  over- 
driving, although  the  difficulty  had  always  been  with  anthracite- 
furnaces  to  drive  them,  and  that  the  manager,  with  youthful  ambition, 
was  striving  to  make  a  record  for  himself  at  the  expense  of  his 
compan}-.  As  our  president  and  directors  were  more  than  satisfied 
with  the  financial  result,  under  the  most  unfavorable  trade-conditions 
hitherto  experienced,  these  criticisms  did  not  create  rauchdiscourage- 

*  An  allowance  of  28  pounds  is  made  for  "sandage"  on  each  long  ton  of  iron. 
All  shipments,  as  well  as  all  products  of  pig-iron,  are  therefore  given  in  tons  of  2268 
pounds. 
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ment.  To  illustrate  the  other  side,  I  cannot  do  better  than  quote 
from  a  letter  of  Mr.  P.  L.  Wei mer,  a  gentleman  widely  and  favorably 
known  in  blast-furnace  and  engineering  circles,  published  in  the 
Bulletin  of  the  American  Iron  and  Steel  Association.  In  part,  it  is 
as  follows:  "That  the  record  above  given  is  exceptionally  good 
none  will  deny,  and  that  it  demonstrates  the  value  of  anthracite  as 
a  furnace-fuel  is  equally  obvious,  but  there  are  several  features 
especially  worthy  of  consideration."  Referring  to  the  year  1879,  he 
continues,  "  the  output,  which  averaged  37,283  tons  per  week,  is 
greater  than  the  average  of  coke-furnaces  of  equal  size  using  the 
rich  ores  from  Lake  Superior,  and  will  compare  in  proportion  to  size 
with  any  coke-furnace.  The  ores  averaged  44.7  per  cent.,  while  the 
lake  ores  employed  by  coke-furnaces  average  60  per  cent,  of  iron." 

"Second.  The  fuel-consumption  with  ores  yielding  less  than  45 
per  cent,  is  noteworthy  ;  2912  pounds  per  ton  of  iron." 

"  Third.  The  small  amount  of  air  per  pound  of  fuel ;  73.63 
cubic  feet " 

"  Fourth.    The  moderate  heat  of  blast  employed  ;  850  degrees." 

"  Fifth.  The  apparently  excessive  amount  of  stoppages." 

(In  explanation,  I  would  say  that  these  stoppages  were  largely 
due  to  cleaning  boilers,  no  extra  set  being  built  at  that  time.  We 
stopped  two  weeks  each  year  for  boiler-cleaning.) 

"  Sixth.  The  regularity  of  the  furnace-operation,  neither  the  maxi- 
mum nor  minimum  weekly  output  varying  from  the  average  more 
than  12  per  cent.  Only  6.5  per  cent,  of  the  iron  made  was  other 
than  Number  2  and  3  mill,  and  but  1  per  cent,  was  mottled  and 
white." 

"Seventh.  The  variety  of  ores  employed,  necessitating  corres- 
ponding changes  in  flux." 

■  It  will  be  well  to  bear  in  mind  that  at  this  period  chemistry  was 
but  sparingly  employed.  Only  a  few  furnaces,  Warwick  among  the 
number,  then  made  use  of  the  help  afforded  by  analysis.  The  fur- 
nace was  relined,  no  particular  changes  being  made  in  the  construc- 
tion, and  blown  in  during  the  latter  part  of  March.  1880.  We 
started  off  well  enough,  making  about  400  tons  per  week,  but  the 
blast  was  of  short  duration.  During  this  year  the  adverse  critics  of 
the  imj)roved  practice  apparently  had  the  best  of  the  argument. 
The  manager  was  placed  in  an  embarrassing  position.  Though  firm 
in  the  belief  that  all  would  come  out  right  in  the  end  yet,  as  "suc- 
cess is  the  best  evidence  of  success,"  he  could  not  then  offer  the  con- 
vincing proof. 
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In  1875  the  furnace  had  been  built  with  bosh-walls  5  feet  thick, 
strengthened  by  upright  wrought-iron  buck-staves.  In  the  repairs 
of  1880  this  construction  was  retained,  as  light  bosh-walls  were  tlien 
unknown,  or,  if  considered  at  all,  were  regarded  as  a  hazardous  ex- 
periment. With  the  increased  volume  of  air  blown  and  lower  fuel- 
consumption — I  never  run  by  pressure  of  blast,  but  always  by  vol- 
ume— the  brick-work  melted  rapidly,  forming  huge  pockets  or 
cavities  above  the  tuyeres.  These  filled  with  finely  divided  ore  and 
coal-dirt,  and  this  mass,  slipping  at  once  into  the  crucible,  chilled 
the  furnace.  Had  we  been  as  well  informed  then  as  in  later  years 
about  the  use  of  the  oil  blow-pipe,  and  of  a  device,  employed  only 
at  our  furnace  and  termed  a  tuyere  slagging-valve,  the  mortification 
of  a  chilled  furnace  could  have  been  avoided,  although  it  is  not 
probable  that  the  furnace  could  have  been  profitably  run.  The  only 
way  I  can  account  for  the  absence  of  the  same  trouble  in  the  previous 
blast  is  that  for  the  first  month  of  that  blast  the  furnace  had  been 
excessively  gray,  making  vast  quantities  of  kish.  The  bosh-walls 
had  become  heavily  coated  with  a  graphite  covering,  fortunately, 
evenly  distribute<l.  This  had  protected  and  preserved  the  brick- 
work and  kept  the  boshes  in  good  shape.  When  the  furnace  was 
blown  out  the  existence  of  this  coating  had  been  plainly  evident.  It 
had  proved  a  blessing  in  disguise,  when  I  recall  the  anxiety  and 
worry  caused  by  the  overheated  condition  of  the  furnace. 

Not  to  prolong  unduly  this  ancient  history,  recounting  the  trials 
of  1880,  I  will  simply  say  that  the  bosh  was  finally  filled  with  ver- 
tical coils  of  1-inch  pipe,  encircling  the  whole  circumference  and  ex- 
tending about  10  feet  above  the  tuyeres.  These  coils  were  supplied 
with  water,  which  was  kept  in  constant  circulation.  The  ])ipes 
were  built  in  the  5-foot  wall.  The  exterior  being  in  good  condition, 
was  not  disturbed.  The  pipes  were  placed  against  the  melted  brick 
face  and  from  12  inches  to  18  inches  of  new  brick  protected  them 
from  the  contents  of  the  furnace.  This  was  the  first  instance,  in  our 
vicinity  at  least,  of  a  water-cooled  bosh,  and  many  were  the  curious 
comments  upon  our  placing  the  furnace  in  a  spring  of  water.  In 
December,  1880,  the  furnace  was  blown  in  and  continued  in  blast 
245  weeks,  making  101,335  tons,  or  413.6  tons  per  week.  This 
was  an  unusual  total  for  an  anthracite-campaign.  It  may  or  may 
not  have  been  reached  by  larger  furnaces :  I  cannot  say.  Many 
difficulties  were  encountered,  but  patience  and  close  application  over- 
came them.  For  a  few  months,  in  1881,  we  used  one-eighth  coke 
and  seven-eighths  anthracite ;  but  as  this  small  percentage  of  coke 
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only  added  to  the  cost,  without  yielding  any  corresponding  benefit, 
it  was  discontinued.  We  ran  on  anthracite  exclusively  until  Janu- 
ary, 1882,  when  we  began  using  one-fourth  coke  and  three-fourths 
coal,  which  proportion  we  have  continued  until  the  present  time. 
For  the  entire  blast  of  245  weeks,  the  ore-mixtures  averaged  50  per 
cent,  iron;  fuel  per  ton  of  iron,  2912  pounds;  air  per  minute,  8750 
cubic  feet,  heated  to  865°  Fahr.  The  best  average  for  three  months 
shows  600  tons  of  iron  per  week  with  a  fuel-consumption  of  2212 
pounds  per  ton  of  iron.  The  furnace  was  repaired  in  the  fall  of 
1885.  New  hot-blast  stoves  were  built,  four  sections  of  the  Durham 
pattern  with  an  aggregate  heating-surface  of  6240  square  feet  re- 
placing two  small  stoves  of  only  3600  square  feet  of  aggregate  heat- 
ing surface.  The  thick  bosh-walls  were  dispensed  with,  and  22 
inches  of  brick  strengthened  by  a  one-half  inch  wrought-iron  jacket 
were  adopted  instead.  The  bosh-coils  or  water-cooled  pipes  were 
retained,  being  placed  between  the  jacket  and  the  brick- work.  The 
capacity  of  the  furnace  remained  almost  5500  cubic  feet.  We  blew 
in  during  December,  1886,  and  blew  out  on  May  28,  1889.  Daring 
the  campaign  of  180  weeks  we  made  a  total  of  107,595  tons  of  iron, 
an  average  of  nearly  600  tons  per  week.  The  ores  averaged  53  per 
cent,  iron;  the  fuel  2665  pounds  per  ton  of  iron,  and  the  air  11,050 
cubic  feet  per  minute,  heated  to  884°  Fahr.  The  largest  yearly 
product  was  32,738  tons;  the  smallest,  30,045  tons.  The  best 
month's  record  showed  679  tons  of  iron  for  each  week,  made  with 
2464  pounds  of  fuel  per  ton,  or  1  ton  of  iron  j)er  day  for  5a. 7  cubic 
feet  of  furnace  capacity,  thus  slightly  exceeding  the  driving  of  the 
Edgar  Thomson  furnaces.  For  the  largest  year's  product  of  the 
campaign,  61.2  cubic  feet  of  furnace  capacity  made  1  ton  of  pig- 
iron  per  day,  and  for  the  entire  campaign,  including  stoppages,  etc., 
the  average  is  64.4  cubic  feet  of  capacity  per  1  ton  of  iron  per  day, 
which  will  compare  favorably  with  the  best  coke- practice,  consider- 
ing the  difference  in  the  ores  and  fuel  used.  As  a  suggestion  merely 
of  the  capabilities  of  anthracite,  I  would  add  ti)at  for  a  single  week 
of  this  blast  702  tons  iron  were  made,  so  that  55.0  cubic  feet  of  fur- 
nace capacity  produced  1  ton  of  iron  per  day.  The  Warwick  furnace, 
however,  makes  a  specialty  of  mill-iron,  low  in  silicon  and  phos- 
phorus. The  silicon  runs  from  0.4  to  0.6  per  cent,  in  gray  forge 
grades,  and  phosphorus  0.30  to  0.35  per  cent.  TJje  mottled  and 
white  irons  made  will  not  exceed  3  per  cent,  of  the  total  j)roi]uct  of 
any  blast.  No.  1  foundry  will  amount  to  7  per  wnt.,  and  the  re- 
maining 90  per  cent,  is  gray  forge  of  open  and  close  grain. 
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Uj)  to  June,  1889,  no  change  had  been  made  in  eqiiipmtenl  or  size 
of  furnace  since  1875,  except,  the  enhirged  hot-blast  stoves  and  an 
extra  set  of  boilers  to  avoid  stopj)ages  for  cleaning,  one  sot  IxMng  idle 
all  the  time.  During  the  summer  of  1889  the  old  furnace-stack, 
brick  banded  with  iron,  was  torn  down  and  a  new  steel  shell  erected. 
The  enlarged  furnace  is  70  feet  high  and  has  a  16-foot  bosh  and  a 
crucible  8  feet  9  inches  in  diauieter.  Its  cubic  capacity  is  about 
8400  feet.  A  large  Weimer  engine  and  extra  boilers  were  added  to 
the  equipment.  On  October  6,  1889,  we  blew  in  and  have  been  in 
blast  for  nearly  one  year.  The  product  will  approximate  40,000 
tons,  the  average  fuel-consumption  to  date  being  2464  pounds  per 
ton  of  iron,  with  an  ore-mixture  of  55  per  cent,  iron,  and  14,000 
cubic  feet  of  air  per  minute,  heated  to  900°  Fahr.  The  largest  record 
for  any  one  month  thus  far  averages  823  tons  per  week,  with  873 
tons  as  the  best  week.  The  lowest  fuel-consumption  for  any  five 
consecutive  weeks  is  2268  pounds  ))er  ton  of  iron.  For  the  first 
year's  work  of  the  enlarged  furnace,  76.4  cubic  feet  of  furnace- 
capacity  has  made  1  ton  of  iron  per  day,  the  largest  single  week 
showing  67.4  cubic  feet  of  capacity  per  ton  of  iron  per  day,  which 
is  somewhat  above  the  average  of  the  smaller  stock.  Before  the 
campaign  is  completed  we  hope  to  improve  the  record.  Heretofore 
the  second  year  of  a  blast  has  shown  the  best  results.  Whether  the 
same  will  hold  good  with  this  blast  remains  to  be  .seen. 

A  Thielen,  Ruhrort,  Germany :  In  offering  a  few  remarks  on 
Mr.  Gayley's  valuable  paper,  I  would  ])oint  out  the  strongly  con- 
trasting conditions  under  which  we  have  to  work  our  blast-furnaces 
in  Germany,  more  particularly  in  the  northern  district,  along  the 
lower  Rhine  and  the  Elbe.  On  the  lower  Rhine  the  ores  at  our 
disposal  contain  about  45  to  48  per  cent,  of  iron.  They  consist 
principally  of  the  Dutch  bog-ores  and  various  grades  of  fine  burnt 
pyrites  or  "Blue  Billy,"  and  are  largely  used  in  the  manufacture  of 
basic  pig.  If  we  should  attempt  to  work  our  blast-furnaces  so  as  to 
attain  a  monthly  production  of  10,000  tons,  like  the  Edgar  Thom- 
.son  furnace  "  F,"  we  should  have  to  put  through  them  a  very  much 
larger  quantity  of  material  than  suffices  in  Pittsburgh.  If  for  the 
Edgar  Thom.son  furnace  we  a.ssume  an  output  of  10,000  tons  of 
pig-iron,  derived  from  63  per  cent,  ores,  and  allow  for  a  limestone 
addition  of  25  per  cent.,  then  the  entire  blast-furnace  mixture  will 
amount  to  14,000  tons  of  ore  and  about  3500  tons  of  limestone, 
making  in  all  17,500  tons.  In  Germany,  on  the  other  hand,  if  we 
take  the  average  of  our  ores  at  47  or  48  per  cent,  of  iron,  the  ore- 
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burden  alone  will  be  22,000  tons,  and  to  this  we  must  add  33  per 
cent,  of  limestone,  or  7100  tons;  hence  we  should  be  obliged  to  put 
29,100  tons  of  material  through  the  furnace  to  get  10,000  tons  of 
product.  In  view  of  the  leanness  of  our  ores,  if  we  should  limit 
ourselves  to  the  same  quantity  of  material  as  goes  through  the  Edgar 
Thomson  furnace,  our  output  would  not  exceed  6200  tons. 

But  there  is  another  essential  difference  of  conditions  which  pre- 
vents our  following  the  example  of  the  American  blast-furnace.  The 
native  ores  which  we  have  to  depend  on  are,  as  a  rule,  very  fine. 
More  than  25  per  cent,  of  the  ore  in  our  blast-furnaces  is  of  a  much 
finer  size  than  peas,  and  sometimes  as  fine  as  dust.  With  this  material 
we  should  be  unable  to  work  furnaces  of  such  heights  as  are  common 
at  Pittsburgh.  We  are  limited,  as  long  as  we  do  not  get  other  ores, 
to  our  low  furnaces.  At  no  great  distance  from  our  lower  Rhine 
district  there  is  a  great  body  of  oolitic  ore,  which  we  hope  to  be  able 
to  use  to  our  great  advantage  when  our  projected  canal  is  built,  or 
as  soon  as  we  can  induce  the  government  to  lower  its  rates  on  rail- 
freight. 

The  quantity  of  coke  we  require  in  Germany  is  considerably  less 
than  that  used  at  Pittsburgh.  With  only  48  per  cent,  of  iron  in 
our  ores,  as  against  63  per  cent,  in  the  ores  of  the  Edgar  Thompson 
furnace,  we  do  not  use  more  than  17  cwts.  of  coke  per  ton  of  pig. 

Another  reason  for  our  not  being  able  to  follow  the  American  lead 
is  that  the  managers  of  our  Bessemer  and  basic  converters  demand 
at  least  1.8  per  cent,  of  silicon  in  the  pig,  whereas  American  steel- 
workers  are  satisfied  with  0.6  or  0.7  per  cent.  In  striving  to  emu- 
late American  example  in  this  respect,  we  encountered  insuperable 
difficulties.  Without  entering  into  details,  I  will  only  mention  that 
our  converters  use  direct-metal  in  contrast  to  the  usual  American 
plan  of  using  cupola-metal,  which  has  a  higher  initial  heat.  We 
have  to  compensate  for  the  lower  temperature  by  keeping  the  silicon 
up  to  1.8  j)er  cent.  I  might  add  another  point:  We  would  not  be 
quite  satisfied  with  the  costly  luxury  of  relining  our  furnaces  every 
three  years.  Thus  far  we  have  managed  to  keep  our  furnace-linings 
in  for  thirteen  to  seventeen  years;  at  the  present  time  we  have  sev- 
eral furnaces  which  are  working  in  their  sixteenth  or  seventeenth 
year,  and  they  still  give  satisfactory  results. 

E.  Windsor  Richards,  ^Middlesbrough,  England:  This  history 
of  the  development  of  blast-furnace  practice  in  and  about  Pittsburgh 
is  a  most  interesting  one.  Mr.  Gayley's  j)aper,  and  Mr.  Cook's 
statement  yesterday,  show  that  there  has  been  an  abundance  of  ex- 
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perienoe  in  blo\ving;-in  and  blowing-out  blast-furnaces.  What  are 
the  objects,  and  what  are  the  inducements  for  this  excessive  driving? 
The  author  shows  us  that  the  cost  of  doing  so  is  enormous.  Labor 
is  dearer  in  America  than  in  England,  so  that  as  much  work  must 
be  got  out  of  it  as  possible.  But  I  believe  that  the  charger  at  a 
Cleveland  (England)  blast-furnace  handles  as  many  tons  of  material 
per  day  as  flesh  and  blood  can  do,  and  keep  it  up  all  the  year.  If, 
therefore,  the  production  of  a  blast-furnace  is  to  be  doubled,  twice  as 
many  men  must  be  employed,  and  so  it  seems  difficult  to  understand 
how  this  excessive  driving  can  reduce  the  cost  of  labor  very  much. 
It  is  probable  that  an  explanation  may  be  found  in  the  satisfaction 
felt  by  the  owner  in  a  margin  of  profit  which  is  so  pleasant  to  see 
that  he  directs  his  blast-furnace  manager  to  give  him  tons  of  pig — of 
course,  at  the  lowest  possible  cost — but  yet  to  give  him  tons  of  pig. 
Then,  there  is  another  reason  for  this  fast  driving,  which  to  those 
engaged  in  it  has  'a  great  fascination,  and  is  a  constant  stimulus  to 
exertion — I  refer  to  the  practice  of  trying  to  beat  the  record.  Cap- 
tain Jones  was  a  man  of  great  ability,  industry  and  energy,  and  we 
who  knew  him  well  sorrow  to-day  that  he  has  passed  away  from  us. 
I  had  the  pleasure  some  nine  years  ago  of  visiting  with  him  the 
South  Chicago  works.  At  that  time  they  had  a  new  and  magnificent 
plant  of  blast-furnaces.  Mr.  Potter  had  arranged  a  most  powerful 
equipment  of  stoves,  blast-engines  and  several  batteries  of  boilers. 
Captain  Jones  sent  home  the  word,  "  Those  boys  at  Chicago  intend 
to  beat  our  record."  And  they  did.  Then  the  boys  at  the  Edgar 
Thomson  works  made  their  powerful  plant  still  more  powerful,  so 
as  to  beat  the  boys  at  Chicago.  And  so  it  went  on,  until,  in  1885, 
Mr.  Gayley  tells  us  that  they  forced  in  the  enormous  volume  of 
31,000  cubic  feet  of  air  per  minute  at  a  blast- pressure  of  9  pounds 
per  square  inch,  and  overdid  it  to  such  a  degree  that  they  burned 
2677  pounds  of  coke  per  2240  pounds  of  iron  produced,  and  short- 
ened the  short  and  merry  life  of  the  blast-furnaces.  The  members 
of  the  Institute  will  be  curious  and  interested  to  know  who  has 
the  record  now— whether  Mr.  Carnegie  or  Mr.  Potter.  If  it  is  Mr. 
Carnegie,  he  will  probably  be  content  with  100,000  tons  of  pig-iron 
per  furnace  per  annum.  If  not,  then  we  shall  hear  of  more  water- 
blocks,  more  fire-brick  stoves,  more  blast-engines,  more  batteries  of 
boilers.  But  the  furnaces  themselves  will  have  to  be  of  a  very 
greatly  increased  capacity  to  work  economically,  having  boshes  from 
at  least  23  to  30  feet  diameter,  provided,  always,  that  there  is  '1 
sufficiently  comfortable  margin  of  profit  in  the  transaction. 
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It  is  interesting  to  study  the  internal  lines  of  the  furnaces  described 
in  this  paper,  and  to  note  where  and  how  they  differ  from  the  English 
forms,  so  as  to  bring  out  clearly  what  has,  in  my  judgment,  enabled 
the  American  practice  to  produce  what  are  really  astonishing  results. 
We  are  at  once  struck  by  the  much  larger  diameter  of  the  hearth  of 
the  American  furnace,  and  it  is  primarily  due  to  this  enlargement  of 
the  hearth  that  the  increased  output  is  obtained.  But  this  of  itself 
would  have  been  of  no  great  advantage  if  the  pressure  and  volume 
of  the  blast  had  not  been  at  the  same  time  very  largely  increased. 
Look  at  the  form  of  the  furnaces  shown  in  Figs.  2,  3  and  4,  and 
you  will  see  that  they  have  very  steep  and  narrow  boshes,  which 
my  experience  has  led  rae  to  regard  as  an  extremely  bad  form — so 
bad,  indeed,  that  a  furnace  with  a  steep  and  narrow  bosh  of  34 
degrees,  like  No.  3,  could  not  work  well  and  make  a  regular  quality 
of  iron  at  a  rate  that  we  must  now  term,  I  suppose,  slow  driving. 
Indeed,  such  a  form  necessitates  fast  driving  so  as  to  keep  the  mate- 
rials in  motion  and  prevent  scaffolding.  Steep  and  narrow  boshes 
favor  the  formation  of  an  arched  scaffold  much  more  than  a  flatter 
bosh.  The  latter  gives  an  arch  of  larger  radius,  much  more  difficult 
to  form.  This  arched  scaffold  causes  great  trouble  when  the  slip 
takes  place.  No  doubt  the  English  bell,  11  to  12  feet  in  diameter, 
is  better  and  much  simpler  than  the  complication  which  is  shown  in 
Fig.  3.  It  is  gratifying  to  see  that  Mr.  Gayley  has  discarded  this 
arrangement  in  the  later  forms.  The  adoption  of  the  1 1-foot  bell 
gives  a  2-foot  space  all  around  for  the  material  to  pass.  A  diameter 
of  throat  of  11  to  12  feet  is  a  good  proportion  for  a  22-foot  bosh. 
I  am  not  at  all  in  favor  of  small  boshes.  The  descent  of  the  material 
in  the  cylinder  is  made  difficult  through  close  packing,  so  that  the 
diameter  from  the  throat  downward  to  the  top  of  the  bosh  should 
constantly  increase,  and  so  release  the  material  from  a  too  clo«e  con- 
tact, and  permit  the  free  passage  of  the  gases.  This  form,  at  the 
same  time,  tends  to  increase  the  diameter  of  the  bosh,  giving  greater 
capacity  to  the  furnace,  and  favoring  a  greater  production  with  less 
forcing.  Mr.  Gayley  has  evidently  recognized  this,  for  in  speaking 
of  furnace  "F,"  Fig.  8,  he  says,  "  from  the  bosh-line  to  the  top  of 
the  furnace  the  wear  was  very  much  greater,"  and  a  little  further  on, 
"  the  lining  runs  straight  from  bosh  to  stock-line."  I  advocate  more 
the  form  of  Fig.  8 — making  a  1,5-foot  throat,  and  tapering  down  to 
a.  very  large  bosh,  so  that  the  materials  unpa(;k  themselves,  and  the 
j-ises  pass  readily  through.  The  angle  of  the  bosh  should  not,  in 
ay  opinion,  exceed  75  degrees,  and   may,  with  advantage,  be  as  low 
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as  70  degrees  if  the  bosh  is  about  22  feet  in  diameter.  Now  lot  us 
examine  the  last  furnace  which  the  author  has  illustrated,  Fig.  8. 
The  lines  show  a  return  to  the  English  form,  with  the  exceptiou  that 
the  tuyeres  are  placed  at  a  higher  level.  I  would  suggest  that  if  the 
two  great  works  before  named  still  purpose  continuing  to  compete 
for  the  record,  the  one  which  adopts  the  greater  cubic  capacity  will 
win. 

Mr.  E.  C.  Potter,  of  Chicago,  has  already  contributed  so  much  in 
bringing  about  the  brilliant  results  now  recorded,  that  this  first  day 
of  October,  1890,  will  mark  an  epoch  in  the  blast-furnace  practice, 
and  will  in  the  future  be  pointed  to  and  cited  as  the  goal  attained 
after  years  of  thought  and  labor  by  many  who  have  devoted  time 
and  vast  sums  of  money  to  reach  it.  It  would  be  of  great  service 
in  this  discussion  if  Mr.  Potter  would  give  us  the  results  of  his 
experience ;  for  it  must  be  evident  that,  being  at  such  a  distance  from 
supplies  of  fuel,  he  would  give  much  attention  to  economy  in  that 
direction.  There  seems  at  the  present  moment  to  be  a  lull  in  the 
race  of  the  rivals.  They  appear  to  have  obtained  as  much  out  of 
20,000  cubic  feet  of  blast-furnace  as  can  be  secured  with  economy; 
and  we  have  before  us  the  fact  that  a  furnace  using  ores  which  carry 
60  per  cent,  of  iron,  produces  2000  tons  of  pig-iron  weekly,  with 
the  very  low  consumption  of  1920  [)ounds  of  coke  per  2240  pounds 
of  pig  made — a  result  which  reflects  the  greatest  credit  on  the  owners 
and  managers. 

A  very  interesting  feature  arises  out  of  this  rapid  driving.  We 
know  that  a  blast-furnace  settles  down  in  the  course  of  a  couple  of 
months  to  a  certain  rate  of  driving,  by  which  it  yields  a  regular 
quality  of  iron.  Take  the  case  of  a  furnace  making  Cleveland  iron, 
60  per  cent,  of  which  is  of  No.  3  quality,  with  a  yield  of  20  cwts. 
of  iron  to  20  cwts.  of  coke;  now,  if  that  furnace  be  driven  without 
increasing  the  coke,  the  quality  of  the  iron  will  immediately  fall  off", 
and  No.  4  forge-iron  is  likely  to  be  the  product,  and  with  yet  a  little 
faster  driving  it  falls  to  white  iron.  But  the  American  practice  of 
doubling  the  production  with  nothing  exceptional  in  the  temperature 
of  the  blast,  makes  a  ton  of  Bessemer  iron  with  considerably  less 
than  a  ton  of  coke — a  result,  I  believe,  never  before  attained.  We 
must  presume  that  this  economy  of  fuel  was  an  accidental  outcome 
of  fast  driving.  At  what  point  of  production  was  this  observed? 
I  have  constructed  several  blast-furnaces,  some  with  hearths  lO^eefc 
in  diameter,  and  some  with  11  feet,  and  have  made  Bessemer  pig-ir^"! 
for  steel  purposes  up  to  1000  tons  weekly,  without  remarking  ar/ 
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special  economy — indeed,  rather  the  contrary,  although  the  tempera- 
ture of  the  bla^t  was  maintained  at  about  1400  degrees  Fahrenheit. 

Is  it  more  desirable  or  more  economical,  all  things  considered,  to 
drive  a  blast-furnace  at  a  speed  of  2000  tons  per  month,  than  to 
obtain  the  production  from  two  furnaces?  Of  course  we  must 
remember  that  only  the  shell  of  the  blast-furnace  is  to  be  considered. 
The  number  of  stoves  and  blast-engines  and  boilers  will  be  the  same 
in  either  case,  so  that  it  is  simply  a  question  of  the  outer  shell  of  the 
furnace.  And  so,  I  repeat,  is  it  desirable,  all  things  considered,  to 
drive  the  furnaces  at  such  a  rate — the  author  showing  us  that  the  cost 
of  so  doing  is  enormous? 

When  a  furnace  is  producing  2000  tons  per  week,  is  the  iron  as 
uniform  in  quality  as  when  the  product  is  limited  to  1000  tons?  In 
my  belief  it  is,  because  I  have  found  when  going  at  600  to  1000 
tons  per  week,  that  the  quality  was  as  good  in  making  1000  tons  as 
in  making  600.  And  so  one  might  infer  that  the  quality  would  be 
as  good  when  making  2000  tons  as  when  making  1000.  But  some 
may  ask,  if  this  be  so,  why  has  it  become  necessary  to  adopt  the 
system  of  storing  several  casts  of  molten  iron  taken  from  two  or 
more  furnaces  in  a  large  vessel  termed  a  mixer,  before  the  iron  is 
considered  fit  for  the  Bessemer  converter? 

E,  C.  Potter,  Chicago,  111.:  I  am  confident  that  Mr.  Windsor 
Richards  has  no  intention  of  precipitating  a  fight  between  the  Pitts- 
burgh boys  and  the  Chicago  boys.  I  would  assure  him  that  the 
rivalry  is  a  most  generous  one,  and  that  each  of  us,  I  think,  has 
profited  by  our  mutual  comparisons  of  work.  We  have  a  record  of 
furnace-practice  at  Chicago  which  will  compare  favorably  even  with 
the  magnificent  work  of  the  Edgar  Thomson  furnaces.  The  figures 
are  not  quite  so  large,  yet,  considering  the  size  of  the  furnace,  they 
may  furnish  food  for  reflection  as  to  whether  very  large  furnaces  are 
the  ones  with  which  we  may  expect  to  obtain  the  highest  possible 
economy.  The  record  to  which  I  refer  was  not  accomplished  by 
one  of  the  furnaces  at  South  Chicago,  I  regret  to  say,  but  l)y  a  fur- 
nace at  the  Union  plant  of  the  Illinois  Steel  Company.  The  furnace 
is  comparatively  small,  containing  only  about  8800  cubic  feet 
capacity.  In  a  single  week  this  year  it  has  made  1414  tons  of  Bes- 
semer iron,  and  in  a  month  over  5800  tons  ;  and  this  rate  has  been 
sustained  for  several  months,  showing  that  it  is  not  merely  a  spurt. 
The  fuel-consumption  for  the  month  per  (long)  ton  of  pig  was  1680 
jjounds,  or  57  pounds  less  than  the  lowest  monthly  average  (for 
j^juary,  1890)  which  Mr.  Gayley  has  obtained. 
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The  question  that  presents  itself  at  once  to  my  mind  in  consider- 
ing the  performance  of  this  furnace,  and  not  this  one.  alone,  but  all 
the  fit'ieen  furnaces  now  owned  by  the  Illinois  Steel  Conipany,  is 
that  in  proportion  to  their  cubic  contents,  the  smaller  furnaces  have 
invariably  shown  much  the  better  results,  both  for  fuel-consunijition 
and  output.  The  performance  of  the  furnace  I  havejust  cited  shows 
a  product  of  nearly  2^  tons  of  iron  j)cr  day  for  each  100  cubic  feet 
of  capacity.  To  equal  this,  Mr.  Gayley's  furnace  should  make  over 
12,000  tons  per  month,  an  output  which  even  the  most  enthusiastic 
American  can  hardly  consider  quite  possible  in  the  light  of  our 
present  knowledge.  The  lesson  to  be  learned  from  these  records 
(and  they  are  borne  out  by  all  our  practice  in  Chicago  and  the  West) 
would  seem  to  be  that  a  furnace  of  moderate  size,  say  from  10,000 
to  12,000  cubic  feet  capacity,  must  be  the  one  to  which  we  should 
look  for  the  best  results,  economically  considered.  Personally,  I 
admit,  I  have  not  quite  reached  this  conclusion  yet.  We  have  now 
under  construction  at  South  Chicago  a  plant  of  new  furnaces  of  the 
largest  size,  the  same  size,  practically,  as  those  of  Mr.  Gayley.  They 
are  85  feet  high,  21  feet  in  bosh-diameter,  and  have  a  cubic  capacity 
of  about  18,000  feet.  Until  we  have  operated  these  furnaces  and 
determined  just  what  they  can  do  in  comparison  with  smaller  ones, 
I  would  withhold  my  judgment.  In  considering  size,  locality  must 
of  course  play  a  large  part.  In  the  case  of  the  Edgar  Thomson 
plant,  located  near  the  coke-region,  where  the  fuel-saving  is  not  so 
important  an  item  as  in  the  West,  a  very  large  furnace,  with  a  very 
large  output,  which  reduces  the  labor-co.st  per  ton  and  the  item  of 
general  expenses,  is  undoubtedly  the  best  one  for  that  locality  ;  but 
for  the  West,  and  for  Chicago  particularly,  fuel-saving  is  and  must 
be  the  paramount  feature  of  our  furnace-practice. 

I  have  followed  with  much  interest  Mr.  Gayley's  experiments 
with  his  furnace-lines,  and  also  the  remarks  of  Mr.  Ivichards  on  the 
same;  and  my  judgment  is  in  entire  harmony  with  Mr.  Richards  in 
his  criticisms  on  the  lines.  We  have  done  considerable  experiment- 
ing upon  furnace-lines  at  South  Chicago,  more  particularly  in  the 
direction  of  lowering  the  bosh  of  the  furnace.  The  furnaces 
described  in  my  paper  before  the  Iron  and  Steel  Institute  *  four 
years  ago,  were  of  the  high,  steep-bosh  kind.  They  gave  good 
results  in  driving  and  fuel-economy,  but  as  Mr.  Richards  had  rightly 
foreseen,  during  the  first  6  months  of  their  life,  or  until  they  had  / 

cut  their  own  lines,  they  occasioned  us  great  trouble  with  sticking/ 
. ^ 

*  Journal  of  the  Iron  and  Steel  Institute,  No.  1,  1887,  p.  163.  ' 
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and  hanging  and  scaffolding.  During  the  first  6  months  of  the  second 
year  we  got  our  best  work  out  of  these  furnaces.  When  relining 
became  necessary,  we  lowered  the  bosh  from  35  feet  above  the 
hearth-level  to  26  feet,  all  other  dimensions  remaining  the  same.  In 
this  way  the  angle  of  the  bosh  was  flattened  from  81°  to  72°.  The 
relined  furnaces  behaved  very  well  as  regards  scaffolding  and  hang- 
ing, never  giving  an  hour's  difficulty  on  that  score,  but  they  abso- 
lutely refused  to  be  driven,  and  consequently  we  did  not  get  as  good 
fuel-results  as  we  did  from  the  rapid-driving  furnaces.  This,  of 
course,  was  a  fatal  feature  for  Chicago  practice.  To  overcome  it  we 
have  this  year  lined  a  furnace  upon  a  still  further  modification  of 
the  lines,  by  leaving  the  bosh-height  the  same,  26  feet,  but  widening 
the  hearth  from  11  to  12  feet,  thus  restoring  our  old  bosh-angle  of 
81°.  This  furnace  seems  to  have  realized  our  expectations,  and  has 
been  working  very  smoothly  from  the  start,  and  driving  with  rea- 
sonable rapidity  and  getting  very  good  fuel-consumption.  It  is  now 
working  side  by  side  with  one  of  the  first-described  furnaces,  and  is 
making  from  100  to  150  tons  per  week  more  than  the  latter.  I  am 
inclined  to  believe,  therefore,  that  we  have  very  nearly  solved  the 
question  of  furnace-lines  for  the  material  with  which  we  have  to 
work. 

G.  J.  Snelus,  Workington,  England  :  It  has  been  of  great  ad- 
vantage to  us  Englishmen  to  have  had  advance  copies  of  Mr. 
Gay  ley's  paper  placed  in  our  hands  before  we  started  on  our  ocean 
voyage.  Many  of  us  have  thus  enjoyed  an  opportunity  of  carefully 
considering  the  paper  ;  speaking  for  myself,  I  was  certainly  delighted 
with  it,  nor  can  I  express  my  thanks  too  warmly  to  the  author  and 
to  the  owners  of  the  works  for  the  magnificent  way  in  which  they 
have  laid  their  results  before  us.  The  wonderful  yield,  fully  three 
times  what  we  are  getting  from  furnaces  of  nearly  or  quite  equal 
capacity  in  England,  and  the  remarkable  economy,  a  saving  of 
twenty  per  cent,  in  fuel,  are,  I  venture  to  say,  points  which  we  Eng- 
lishmen cannot  afford  to  overlook.  I  have  endeavored  to  compare 
the  several  factors  in  the  Pittsburgh  furnace-practice  with  our  own 
English  practice,  and  I  will  now  attempt  to  review  them  as  rapidly 
as  possible. 

First,  with  regard  to  the  shape  of  the  furnace,  I  am  pleased  to  see 
<^'iat  the  Edgar  Thomson  furnace,  "  F,"  Fig.  8,  which  has  given 
^hese  wonderful  results,  is  a  return  to  the  lines  of  most  of  our  good 
English  furnaces.  Mr.  Richards  has  already  called  your  attention 
r     this,  and    I   can   only  add   that   if  you  were  to  place  our  West 
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Cumberland  lines  upon  Fig.  8,  yon  would  find  a  coincidence  in  all 
particulars  except  that  our  furnace  is  smaller.  The  angle  of  the  bosh 
is  identical — 75  degrees.  The  posiiion  of  the  bosh  is  identical. 
The  proportion  of  the  hearth  to  the  bosh  and  to  the  height  of  the 
furnace  is  about  the  same.  The  mere  shape  of  the  furnace  does  not, 
therefore,  seem  to  account  for  the  improvements  whi(^h  have  been 
attained. 

Next,  as  to  the  fuel,  Sir  Lowthian  Bell  has  stated  that  our  fuel 
is  of  l)etter  quality  than  that  at  the  P^dgar  Thomson  furnace.  If  I 
cannot  say  quite  as  much  for  our  fuel  on  the  west  coast,  yet  it  is  not 
much  worse;  we  have  in  West  Cumberland  a  coke  which  contains 
about  ten  per  cent,  of  ash  and  from  three-quarters  to  one  per  cent, 
of  sulj)hur.  This  is  also  about  the  average  of  Connellsville  coke 
I  believe,  so  that  we  may  put  aside  fuel  as  not  contributing  in  any 
great  measure  to  the  wonderful  result. 

Then,  as  for  ores,  we  are  told  that  they  yield  62  per  cent,  of  metal- 
lic iron,  whereas  our  Cumberland  ores  yield  on  an  average  perhaps 
56  per  cent.  Here  is  a  point  of  advantage  which  we  should  not 
overlook,  for  not  only  does  the  ore  contain  more  iron,  but  less  earthy 
matter;  and  this,  I  take  it,  is  a  point  of  great  importance  in  produc- 
ing large  quantities  of  material  quickly,  because  we  have  so  much 
less  slag  to  get  rid  of  and  correspondingly  less  fuel  to  deal  with. 
As  for  as  the  composition  of  the  slag  is  given,  I  find  very  little 
difference  between  it  and  our  Cumberland  slag. 

With  regard  to  the  composition  of  the  gas,  I  find  it  practically  the 
same  as  at  most  of  our  furnaces  in  England,  so  that  no  point  of 
advantage  is  to  be  sought  there. 

The  temperature  of  the  blast,  we  are  told,  is  1100  degrees  Fah- 
renheit, which  is  about  the  temperature  that  we  regularly  get  nt  our 
own  works;  hence,  no  advantage  exists  there.  But  with  regard  to 
the  pressure  of  the  blast,  the  Edgar  Thomson  furnace  enjoys  a  very 
important  advantage.  In  West  Cumberland,  we  have  for  manyyears 
been  blowing  with  a  blast-pressure  of  six  pounds  to  the  square  inch, 
but  in  Pittsburgh  they  have  from  nine  to  ten  pounds.  This,  in  my 
opinion,  is  a  very  great  advantage  in  getting  large  outputs.  It  is 
quite  evident,  also,  that  a  much  larger  volume  of  blast  is  blown  at 
these  furnaces  than  we  are  accustomed  to  in  England.  It  has  been 
a  common  idea  among  our  English  iron-masters  that  by  increasing 
the  volume  of  the  blast  and  driving  faster  we  wasted  fuel.  I  shall 
refer  to  tiiat  point   later.     Clearly,   as   regards   large  outputs,  the 
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American  furnace  has  a  decided  advantage  in  the  higher  pressure 
and  greater  volume  of  blast. 

In  respect  to  the  radiation  of  heat  from  the  furnace,  there  must 
obviously  be  an  advantage  in  the  American  practice,  and  I  cannot 
help  thinking  that  it  is  one  of  the  essential  points  which  account  for 
the  gain  and  saving  of  fuel.  A  furnace  which  is  producing  as  much 
iron  with  one  casing  as  we  are  with  four,  is  bound  to  radiate  very 
much  less  heat  than  we  do  with  four  furnaces. 

Looking  to  the  product,  we  see  that  the  iron  is  low  in  silicon — a 
little  over  IJ  per  cent.  Here,  again,  I  believe,  there  is  a  distinct 
advantage.  Some  years  ago  I  had  the  opportunity  of  proving  this, 
in  working  some  of  that  wonderful  material,  the  Campanil  ore,  which 
contained  only  about  five  per  cent,  of  silica.  It  was  very  porous, 
allowing  us  to  drive  our  furnaces  faster  and  get  less  slag  and  produce 
iron  with  less  than  our  usual  amount  of  silica.  For  several  years  I 
drove  our  furnaces  on  a  1^  per  cent,  silicon  iron,  which  was  taken 
direct  to  the  Bessemer  Avorks.  Unfortunately,  the  Campanil  ore  is  be- 
coming very  scarce,  and  we  in  Cumberland  can  no  longer  afford  to 
use  it,  but  have  had  to  fall  back  on  local  ores  which  are  more  sili- 
ceous. Our  experience,  however,  was  conclusive,  that  in  making  a 
non-siliceous  iron  we  generally  realized  a  saving  in  fuel.  But  the 
American  saves  coke  not  only  by  avoiding  the  reduction  of  much 
silicon,  but  by  making  an  iron  which  also  contains  less  carbon  than 
our  own.  It  is  a  point  on  which,  unfortunately,  the  hands  of  tlie 
English  metallurgist  are  tied ;  for  our  engineers  declare  that  when 
they  go  about  in  our  works  they  like  to  see  ^o.  1  pig  with  plenty 
of  graphite  in  it.  If  they  come  across  a  pig  which  even  slightly 
approaches  white,  they  immediately  wonder  whether  we  are  not 
making  very  bad  steel ;  and  so,  to  keep  up  the  reputation  of  our 
steel,  we  often  run  counter  to  our  own  ideas  of  what  would  be  the 
best  economy. 

Finally,  the  characteristic  rapid  driving  of  the  furnace  is,  I  think, 
an  important  factor  in  its  economy,  and  yet  in  England  our  experi- 
ence with  rapid  driving  has  shown  a  greater  consumption  of  fuel. 
I  never  could  account  for  this  anomaly.  I  have  always  been  an 
advocate  of  rapid  driving,  but  my  difficulty  has  been  that  I  could 
not  drive  with  any  real  rapidity.  The  men  would  not  be  driven  ; 
the  manager  would  not  be  driven,  and  the  furnace  would  not  be 
driven,  because  we  did  not  have  the  plant  and  could  not  get  it.  But, 
given  the  mechanical  means  for  driving  the  furnace  rapidly,  and,  I 
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believe,  you  must  necessarily  drive  it  economically.  I  certainly  am 
in  favor  of  the  practice  which  we  have  had  put  before  us. 

As  for  the  durability  of  the  furnace-lining,  I  believe  in  a  short 
life  and  merry  one.  If  we  gained  nothing  but  the  saving  of  coke, 
amounting  to  four  hundredweights  to  the  ton,  or  22,000  tons  of  coke 
per  annum  on  this  particular  furnace  (Fig.  8),  surely,  that  alone 
would  supply  sufficient  money  to  re-line  the  furnace  two  or  three 
times  over.  But  I  think  there  is  a  saving  of  wages  as  well  as  of 
coke.  An  economy  in  labor  and  management  must  assuredly  result 
from  getting  out  of  one  furnace  what  is  elsewhere  obtained  from  four. 
If  I  had  to  build  myself,  I  would  certainly  prefer  to  erect  one  fur- 
nace to  do  the  work  rather  than  two,  even  though  two  might 
yield  the  same  output,  and  I  would  do  it  even  if  the  two  furnaces 
could  be  put  up  at  the  cost  of  one. 

After  having  reviewed  all  these  points,  I  yet  fail  to  perceive  suf- 
ficient cause  in  either  plant,  material,  or  mode  of  working  to  account 
for  the  final  achievement.  I  cannot  help  thinking  that  this  result 
has  been  mainly  due  to  the  wonderful  spirit  of  emulation  among  the 
proprietors,  the  managers  and  the  men;  and  I  for  one  would  only  be 
too  glad  if  we  Englishmen  and  our  managers  and  our  men  could 
catch  the  same  spirit. 

Julian  Kennedy,  Pittsburgh,  Pa.:  Mr.  Gayley's  paper  is  very 
suggestive  in  showing  the  great  effect  produced  by  very  small,  or 
apparently  very  small,  changes  in  the  lines  of  the  blast-furnace.  In 
the  early  days  of  furnace-driving,  when  the  results  were  not  as  good 
as  they  are  now,  but  when  we  tried  just  as  hard  to  get  them,  our 
fast  driving  was  not  due  altogether  to  the  desire  to  drive  fast.  We 
often  tried  a  little  slower  rate  of  driving,  but  then  found  that  the 
furnace  would  not  work,  and  so  we  were  obliged  to  drive  as  we  did. 
I  ascribe  a  great  deal  of  this  to  the  difference  in  the  lines  of  the  fur- 
nace then  from  what  they  are  now.  These  differences  do  not  seem 
very  great,  but  still  they  made  a  marked  difference  in  the  result. 
Mr.  Gayley  tells  us  that  in  his  endeavors  to  reduce  the  blast  in  one 
of  his  furnaces,  he  found  it  impracticable  to  drop  below  28,000  cubic 
feet  per  minute  on  account  of  the  resulting  irregularities  in  work, 
until,  by  making  an  apparently  trifling  change  in  the  dimensions  of 
the  top  of  the  furnace,  he  was  able  to  effect  a  further  reduction  of 
3000  cubic  feet  per  minute.  I  have  no  doubt  that  if  the  tops  of  his 
furnaces  were  restored  to  the  old  dimensions  of  bells  and  stock-lines, 
he  would  again  be  obliged  to  blow  harder.  Thus  all  through  the 
paper  we  see  evidences  of  the  great  effect  of  very  small  changes  in 
VOL.  XIX. — 62 


978  DEVELOPMENT   OF    AMERICAN    BLAST-FURNACES. 

the  fiirnace-lines.  When  this  modern  system  of  fast-driving  was 
begun,  our  theory  and  practice  were  to  use  a  wide  top,  and  to  our 
own  detriment  we  carried  that  practice  to  an  extreme.  The  accepted 
theory  at  that  time  was  that  the  proportion  between  the  diameter  of 
the  bell  and  stock-line  should  be  a  geometrical  one — that  is,  if  a  10|^- 
foot  stock-line  was  right  for  a  7-foot  bell,  we  considered  that  an  18- 
foot  stock-line  would  be  suitable  for  a  12-foot  bell,  whereas  to-day 
the  stock-line  would  be  made  only  15|  feet.  The  record  throughout 
impresses  me  with  the  important  bearing  of  the  furnace-lines  upon 
the  work. 

I  am  also  inclined  to  think  that  Mr.  Gayley  is  substantially  aided 
in  his  splendid  work  by  his  fine  equipment  of  blowing-engines. 
These  powerful  engines  are  regulated  by  automatic  governors,  which 
can  be  set  at  any  desired  number  of  revolutions,  and  which  will 
maintain  the  engines  at  that  speed  whether  the  blast-pressure  be  six 
pounds  or  sixteen  pounds,  thus  insuring  uniformity  in  the  volume  of 
blast  entering  the  furnace. 

Mr.  Gayley  has  succeeded  in  reducing  his  coke-consumption  to  a 
point  that  is  undoubtedly  very  satisfactory,  and  it  is  questionable 
whether  it  will  ever  be  brought  much  lower.  His  labor-item  seems 
as  low  as  it  could  be  in  smaller  furnaces  aggregating  the  same  pro- 
duction, and  compared  with  these  the  cost  of  management  for  some 
departments  must  be  less.  If  Mr.  Gayley  succeeds  in  obtaining  an 
average  life  of  300,000  tons  to  a  lining,  as  I  have  no  doubt  he 
will,  and  a  campaign  which  is  not  interruj)ted  by  labor-troubles  or 
other  extraneous  causes,  I  do  not  see  why  his  practice,  economically 
considered,  will  not  be  as  good  in  every  respect  as  that  wliich  is  pos- 
sible with  a  greater  number  of  small  furnaces  aggregating  the  same 
production. 

\V.  Whitwell,  Stockton-on-Tees,  England:  Little  has  been 
said  during  this  discussion  as  to  what  is  being  done  at  English  works 
without  much  pressure  and  with  a  furnace  very  similar  in  lines  to  the 
one  that  has  been  so  highly  approved  by  the  several  s{)eakers  (the 
Edgar  Thomson  furnace  "F,"  Fig.  8).  At  Thorneby  we  are  work- 
ing a  furnace  75  feet  high  and  18J  to  20  feet  in  diameter,  with  a  10- 
foot  hearth,  a  bell  of  10  feet  6  inches,  and  six  tuyeres.  We  do  not 
use  the  large  tuyeres,  so  successful  in  America,  because  up  to  the 
present  time  we  have  not  found  their  use  advantageous.  Our  tuy- 
eres are  about  4^  and  occasionally  5  inches,  when  required.  Our 
pressure  of  blast  does  not,  as  a  rule,  exceed  5  pounds  at  the  engine- 
house,  or  4J  pounds  at  the   tuyeres.     We  commenced    many  years 
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ago  with  pniallor  furnaces,  never  more  than  20  feet  in  diameter  and 
60  feet  high.  We  were  the  first  in  the  Cleveland  district  to  use  the 
rather  larger  cubic  capacity  of  the  furnace,  and  to  some  extent  we 
were  successful;  but  the  additional  height  in  the  Cleveland  district 
"was  the  great  element  of  success.  It  was  arrived  at,  perhaps,  more 
as  an  accident  than  otherwise;  more  with  the  desire  to  obtain  addi- 
tional cubic  contents  than  to  put  in  a  new  bottom;  and  in  that 
respect  Mr.  Vaughn  deserves  the  congratulations  of  our  own  district 
and  perhaps  of  the  world,  because  that  was  the  first  occasion  when 
greatly  cheapened  production  was  obtained. 

But  to  proceed  with  this  hematite-furnace.  Our  make  is  approxi- 
mately 700  to  800  tons  per  week.  At  the  present  time  we  are  work- 
ing in  the  fourth  year  of  the  furnace-life,  at  about  800  tons;  and  we 
are  improving,  and  anticipate  still  further  advances.  Our  ores  are 
very  different  from  the  rich  ore  that  we  have  heard  described  so 
vividlv  here;  and  I  should  like  to  learn  from  the  author  whether 
the  general  American  practice  coincides  in  any  degree  with  wiiat  he 
has  described,  or  whether  it  is  only  a  particular  furnace  working 
this  particularly  excellent  ore  from  Lake  Superior  which  can  show 
such  remarkable  results.  Our  ore  does  not  average  over  50  to  50^ 
per  cent,  of  iron.  We  generally  use  a  mixture  of  seven  or  eight 
different  kinds  of  ore — ores  from  Africa,  Elba  and  Spain,  from 
Xorth  and  South,  and  in  mixing  we  have  in  view  the  quality  of  pig 
that  our  customers  require  for  the  time  being.  We  do  not  work  so 
low  in  silicon  as  is  the  practice  here,  to  such  manifest  advantage. 
We  try  to  keep  our  sulphur  down.  Our  phosphorus  generally  runs 
a  little  below  0.04  percent,  and  we  sometimes  get  it  down  to  0.0275. 
Our  practice  is  not  as  regular  as  that  of  works  which  have  their 
own  converters  or  open-hearth  furnaces;  but  we  make  what  our 
customers  require — iron  for  shijunent,  perhaps  to  the  Continent,  of 
one  quality,  and  iron  for  local  consumption  of  another,  and  change 
sometimes  from  one  week  to  another  and  yet  we  manage  to  produce, 
as  I  said,  something  like  800  tons  of  pig  a  week. 

Our  average  consumption  of  coke  for  the  last  two  years  has  been 
about  19  cwts.  per  ton  of  iron  running  with  this  50  per  cent,  ore,  and 
with  an  addition  of  6|  to  6|  cwts.  of  limestone.  This  is  much  less 
limestone  than  is  used  in  America  even  for  the  richer  ores;  and  I 
am  much  inclined  to  think  that  by  using  more  limestone  we  might 
work  to  better  advantage,  keeping  our  furnaces  more  open  and 
getting  rid  of  our  sulphur  more  successfully  than  we  are  doing. 
The  average  silica  in  our  ores  is  about  6f  to  7  per  cent.;  if  we  work 
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with  that  regularly,  we  have  very  uniform  results.  The  richest  ores 
are  the  most  economical  ones  to  smelt. 

While  speaking  of  ores  I  might  mention  those  from  the  north  of 
the  Gulf  of  Bothnia,  which  we  have  used  to  the  extent  of  10,000 
tons  a  year.  That  ore  is  no  longer  in  the  market  because  the  com- 
pany has  stopped  shipments.  The  last  few  cargoes  are  arriving  at 
the  present  time.  If  the  company  should  continue,  I  anticipate 
success  for  it  if  they  can  confine  their  shipments  to  purely  silicate 
ore,  for  there  can  be  nothing  better  to  work  with — in  fact,  it  is  an 
ore  that  Mould  approximate  very  closely  the  splendid  Lake  Superior 
ore.  On  the  other  hand,  much  apatite  occurs  in  it  here  and  there, 
but  it  is  as  veins  of  phosphate  of  lime  which  run  through  the  ore- 
lumps  and  are  readily  distinguishable,  so  that  the  ore  can  be  selected 
with  ease,  and  the  inferior  grades  set  aside,  and  used  to  great  advan- 
tage for  ordinary  purposes,  as  it  is  really  an  excellent  ore. 

In  regard  to  the  pressure  of  the  blast,  I  am  inclined  to  think  that 
we  must  suit  our  own  conditions  in  our  driving,  and  adopt  what  is 
economical  with  us.  If  we  are  willing  to  have  our  furnaces  run  on 
shorter  time ;  if  we  agree  to  lose  somewhat  in  fuel-efficiency,  we 
can  drive  harder ;  but  if  a  furnace  can  be  made  to  drive  on  a  certain 
burden,  I  believe  that  it  is  a  great  point  that  we  ought  to   look  to. 

We  are  apt  sometimes  to  put  on  pressure  and  drive  our  furnaces 
down,  which  simply  means  lowering  the  quality  of  the  product  and 
rising  in  sulphur — two  decidedly  objectionable  features. 

It  is  well  to  remember  that  we  change  our  heats  when  our  fur- 
naces get  too  hot  rather  than  burn  our  iron.  In  America  the  heats, 
I  believe,  are  never  changed  in  the  best  practice. 

Again,  we  work  by  gauge-pressure.  Americans  work  regularly, 
I  believe,  by  the  revolutions  of  the  blowing-engine,  and  they  always 
keep  up  the  speed  and  do  not  lessen  the  production  of  the  furnace 
for  the  sake  of  preserving  the  quality  as  we  do.  In  these  two 
respects  there  is  something  to  be  learned.  How  do  they  manage? 
In  the  best  j^ractice  they  have  an  individual  engine  or  set  of  engines 
to  each  furnace,  and  not  three  or  four  engines  working  into  the 
same  main,  and  so  contributing  the  common  pressure  to  the  several 
furnaces.  They  do  not  check  the  pressure.  If  you  could  give  us 
the  same  ore,  with  our  beautiful  Durham  coke,  which  runs  from  5  to 
at  most  7  per  cent,  ash,  I  believe  we  could  show  you  different  re- 
sults; but  with  the  material  that  we  have,  under  existing  circum- 
stances, I  think  that  our  growth  will  have  to  be  gradual.  I  should 
like,  as  I  said  before,  to  know  whether  it  is  these  particular    Edgar 
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Thomson  furnaces  using  three-quarters  of  a  million  of  tons  of  the  very- 
best  Lake  Superior  ore  that  are  working  the  best,  or  whether  others 
which  import  ores  from  Spain  or  Africa  would  get  anything  like  an 
approximate  result. 

Now  what  is  our  English  practice?  It  is  to  earn  the  most 
money,  or  in  some  circumstances  to  suffer  the  least  loss ;  for  it  is 
not  always  profitable  to  make  iron  in  England.  When  we  keep  a 
furnace  running  a  long  time  without  checking  it  for  repairs  we 
think  it  is  of  advantage.  As  we  are  working  now,  we  expect  to 
make  pig-iron  from  one  lining  for  twelve  years.  If  we  do  that  we 
are  perfectly  willing  to  reline.  We  cannot  reline  it  as  it  is  done  in 
America.  Everything  in  America  in  the  shape  of  repairs  to  build- 
ing seems  to  be  much  more  rapidly  done  than  we  have  any  exper- 
ience of.  I  don't  understand  it.  I  hear  of  relining  a  furnace  (and 
drying  it  for  fourteen  days,  too,)  in  seven  weeks.  If  we  reline 
in  three  months  we  consider  that  we  are  doing  exceedingly  well. 
How  you  do  it,  whether  your  labor  is  more  under  command, 
whether  your  labor  is  more  energetic,  or  whether  there  is  competition 
in  your  labor,  we  do  not  understand.  We  simply  put  our  money 
into  our  furnaces,  and  perhaps  we  expect  to  build  our  2  or  3 
furnaces  for  the  same  amount  that  you  spend  on  one. 

You  have  great  provision  in  heating-power,  yet  not  so  much  as  is 
given  in  our  district.  You  have  only  three  large  stoves  to  one 
furnace  with  this  large  production,  and  therefore  you  do  not  work 
up  to  quite  the  same  temperature.  In  looking  back  over  many 
years  it  has  been  interesting  to  us  to  witness  the  enormous  increase 
in  production  in  America.  We  congratulate  you  heartily  upon  it. 
We  are  all  striving  for  the  same  result,  and  I  am  inclined  to  think 
some  of  you  are  going  much  more  rapidly  than  we  are. 

William  Kent,  New  York  city :  I  have  attempted  to  study 
Mr-  Gayley's  paper  by  the  method  of  a  plotted  diagram,  Fig.  9. 
As  I  interpret  his  "abstract  of  results,"  there  are  three  columns 
which  represent  results  or  effects — namely,  "  average  daily  output" 
of  the  furnace;  "average  coke-consumption"  of  the  furnace;  and 
"  capacity  in  cubic  feet  of  the  furnace  for  one  ton  of  iron  produc- 
tion per  day."  On  the  diagram  I  have  plotted  these  results  in  the 
three  upper  lines  (omitting  the  small  furnace,  Fig.  2,  as  exceptional). 
Beginning  with  the  Isabella  furnace  at  76  tons  per  day,  in  1876, 
and  rising  to  the  Furnace  F,  Fig.  8,  at  310  tons  per  day,  in  1889, 
the  increased  product  follows  a  fairly  uniform  and  steady  law  of 
rise.     The  line  representing  the  coke-consumption,  begins  at  3000 
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Fig.  9. 


Diagram,  showing  the  conditions  and  resuits  of  pig-iron   production 
AT  THE   Isabella,  Lucy  &  Edgar  Thomson  Furnaces.  Plotted    in    part 

from    Mr.  James   Gayleys  "ABSTRACT  OF   RESULTS." 
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pounds  and  declines  somewhat  irregularly  to  1920  pounds.  The 
cubic  capacity  of  the  furnace  for  one  ton  of  iron  per  day,  begins  at 
197  cubic  feet  and  decreases  steailily  to  59  cubic  feet,  the  present 
rated  capacity. 

These  are  the  three  results.  If  we  study  the  paper  and  the  table 
for  the  causes  of  the  results,  we  shall  find  in  the  table  two  columns 
of  figures  which  may  possibly  indicate  such  causes — first,  the  cubic 
capacity  of  the  furnace,  and  second,  the  volume  of  air  blown  into 
the  furnace  per  minute.  The  ratio  of  these  two  quantities,  or  the 
number  of  furnace-fulls  of  air  blown  in  per  minute  may  also  be 
considered.  This  ratio  is  not  giveu  in  Mr.  Gayley's  table,  but  I 
have  plotted  it  in  the  diagram;  the  figures  expressing  the  ratio, 
beginning  with  the  Lucy  furnace,  Fig.  1,  being  1.04,  1.68,  1.26, 
1.86,  1.16,  1.40,  1.36,  and  1.37.  The  lower  line  on  the  diagram 
represents  the  cubic  capacity.  It  begins  at  15,000  feet,  rises  to 
17,000  feet,  and  then  runs  along  very  irregularly  to  the  present 
capacity,  18,200  feet.  The  difference  in  capacity  between  the  fourth 
furnace  in  the  list.  Fig.  3,  and  the  tenth  furnace.  Fig.  8,  is  less 
than  4U0  cubic  feet,  showing  that  the  cubic  contents  of  the  fur- 
nace is  nearly  a  constant  quantity. 

The  voluDJe  of  air  is  very  irregular.  If  the  cubic  capacity  of  the 
furnaces,  and  the  volume  of  air  pumped  into  them,  or  the  ratios  be- 
tween these  factors  are  supposed  to  be  efficient  causes,  and  the  daily 
output  and  average  coke-consumption  are  assumed  as  their  etTects,  I 
for  one  fail  in  the  examination  of  the  diagram  to  discover  the  exis- 
tence of  any  relation  between  them.  If  you  contend  that  rapid 
driving  increases  production  and  improves  economy,  then  by  taking 
certain  others  of  the  figures  I  can  show  you  also  that  the  opposite 
conditions  lead  to  the  same  results;  that  rapid  driving  conduces  to 
economy,  and  that  slow  driving  does  likewise;  that  large  capacity 
gives  economy,  and  that  small  capacity  gives  still  greater  economy, 
and  vice  versa;  so  that  neither  the  volume  of  air  pumped  into  the 
furnace,  nor  the  cubic  capacity  of  the  furnace,  is  the  controlling 
cause  for  the  low  cousum])tion  of  fuel  and  high  production  of  pig- 
iron.  I  do  not  pretend  to  define  the  cause.  On  the  contrary,  I 
think  it  very  obscure,  and  a  subject  for  further  study. 

Mr.  Kennedy  has  touched  on  one  possible  cause — the  lines  of  the 
furnace.  I  think  the  physical  and  mechanical,  as  well  as  the  chemi- 
cal properties  of  the  ore  and  the  coke,  are  also  very  important  con- 
ditions. Other  causes,  or  influencing  conditions,  are  probably  the 
distribution  of  the  materials  in  the  furnace,  the  method  of  charging, 
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the  condition  of  the  hot  materials  inside  of  the  furnace  (about  which 
we  can  tell  nothing  to  a  certainty,  because  we  cannot  get  inside  of 
the  furnace  while  working),  and  especially  in  the  zone  of  fusion; 
whether  the  materials  at  the  proper  heat  for  reduction  are  pulveru- 
lent or  broken  into  small  pieces  by  decrepitation,  allowing  the  gases 
to  come  up  freely  through  them,  or  whether  they  are  agglutinated 
in  a  pasty  mass,  preventing  the  thorough  distribution  of  the  gases. 
All  these,  I  think,  exert  potent  influences  on  the  economy  of  pro- 
duction. As  Mr.  Kennedy  has  said,  there  are  suggestive  indications 
in  the  author's  paper  that  change  of  lines  has  an  important  bearing 
on  economy.  Mr.  Gayley  has  mentioned,  that  while  a  furnace  is  in 
blast,  under  uniform  conditions,  a  temporary  stoppage  or  some  acci- 
dent may  cause  a  sudden  change  in  its  rate  of  working  and  reduce 
its  production  ;  and  that,  too,  with  no  change  in  the  conditions  of 
blowing.  When  the  furnace  is  subsequently  blown  out,  it  is  found 
that  there  has  been  a  slip,  or  scaffold,  and  thus  the  cause  of  the 
change  seems  to  have  been  some  modification  in  the  furnace-lines, 
or  in  the  meclianical  condition  of  the  mass  of  material  inside  the 
furnace. 

On  the  other  hand,  as  Mr.  Gayley  also  points  out,  the  increase  in 
thickness  of  the  carbon  coating  inside  of  the  furnace  conduces  to  more 
regular  and  economical  working;  and  he  intimates  that  a  thorough 
protection  of  the  bosh-walls  with  cooling  plates,  by  preserving  the 
interior  lines  of  the  furnace,  has  an  important  and  beneficial  effect 
upon  economy.  It  is  not  improbable  that  the  better  protection 
afforded  to  the  boshes  of  recent  years  by  means  of  these  plates  may 
have  much  to  do  with  the  increased  regularity  of  work  and  improved 
economy  shown  by  the  latest  furnaces. 

I  desire  to  call  particular  attention  to  the  fact  shown  on  the  dia- 
gram from  Fig.  6,  1885,  to  Fig.  8,  1889,  that  there  has  been  no  great 
increase  in  the  amount  of  air  blown  into  the  furnace,  and  none  what- 
ever in  the  cubic  capacity  of  the  furnace  ;  yet  there  has  been  an 
extraordinary  increase  in  the  average  daily  output  and  a  considerable 
rise  in  the  economy  of  coke.  This  would  clearly  indicate  that  the 
so-called  rapid  driving  of  recent  American  furnaces  is  not  detrimental 
to  economy  of  production,  nor  is  there  the  slightest  indication  that 
better  results  would  be  obtained  by  slower  driving. 

J.  D.  Weeks,  Pittsburgh,  Pa:  In  answer  to  Mr.  Whitwell's 
question  as  to  whether  the  practice  sj)oken  of  by  Mr.  Gayley  is  con- 
fined to  Lake  Superior  ores  and  Gonnellsville  coke,  I  would  say  that 
there  is  a  little  furnace  in  Virginia,  the  Ivanhoe,  working  on  the 
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Ivanhoe  Furnace,  Virginia. 
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local  ores  of  that  region  and  on  Pocahontas  Flat  Top  coke,  which  has 
shown  as  good  results,  all  things  considered,  as  those  reported  in 
Mr.  Gay  ley's  paper  as  having  been  attained  at  the  Edgar  Thomson 
furnaces. 

The  Ivanhoe  furnace,  Fig.  10,  the  property  of  the  New  River 
Mineral  Compau}^  is  situated  at  Ivanhoe  Furnace,  Wythe  Co.,  Va. 
It  was  originally  a  charcoal-furnace,  but  was  altered  in  1888  to  coke. 
The  dimensions  are  as  follows :  Height  of  stack,  60  feet ;  diameter  of 
boshes,  12  feet  6  inches;  diameter  of  hearth,  7  feet  2  inches;  stock- 
line,  9  feet  6  inches;  number  of  tuyeres,  6  ;  size  of  tuyeres,  5  inches  ; 
number  of  Whitwell  fire-brick  stoves,  2 ;  size  of  stoves,  60  by  16  feet ; 
number  of  blowing  engines,  1;  steam  cylinder,  48  by  36  inches;  blow- 
ing cylinder,  48  by  84  inches;  displacement  of  engines,  308  cubic 
feet  per  revolution  ;  capacity  of  furnace,  4200  cubic  feet. 

During  the  time  mentioned  in  the  following  runs  the  furnace  was 
burdened  for  mill-iron,  but  occasionally  ran  oif  on  foundry.  The  ore- 
mixture  for  the  furnace  was  |  Ivanhoe-ore,  a  limonite  from  near  the 
furnace,  and  J  mountain-ore  (Potsdam  formation,  No.  I.  of  Rogers), 
of  which  the  following  is  a  fair. analysis  : 

Ivanhoe,  Li-  Mountain,  Pots- 

monite  Ore.  dam  Ore. " 

Per  cent.  Per  cent. 

Metallic  iron, 46.65  44.11 

Silica, 15.75  15.30 

Manganese, 309  1.20 

Phosphorus, 067  .916 

The  limestone  had  the  following  composition  : 

Per  cent. 

CaCOs, 76.05 

MgCOs, 22.13 

SiO^, 1-26 

Fe203  and  AlA.   •  • 65 

100.09 
The  average  analysis  of  the  Pocahontas  coke  is  as  follows : 

Per  cent. 

Water  and  volatile  matter, 1.07 

Fixed  carbon, 91.77 

Ash, 6.60 

Sulpluir, .56 

*  100.00 
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The  first  run  of  the  furnace  of  which  we  have  a  record  was  from 
July  13  to  27,  1890.     The  run  per  clay  was  as  follows : 


July  13, 

"  14, 

"  15, 

"  16, 

"  1", 

"  IS, 

"  19, 

"  20, 


Tons. 

Tons 

65 

July  21,     . 

.     65 

60 

<i       90 

.     67 

68* 

"     23,     . 

.     70 

68 

"     24,     . 

.     60 

68 

"     25,     . 

.    64 

65 

"    26,     . 

.    75 

72 

"     27,    . 

.    64 

60 

991 


This  gives  a  daily  average  of  66.06  tons.  The  condition  of  the 
furnace  was  as  follows: 

Average  blast-temperature,  1276  degrees,  Fahrenheit;  average 
revolutions,  32,  which  gives  9824  cubic  feet  of  piston  displacement 
per  minute;  blast-pressure,  6.9  pounds  per  square  inch;  steam- 
pressure,  78.0  pounds  per  square  inch. 

During  this  period  the  average  consumption  of  coke  per  ton  of 
pig-iron  was  1.075  short  tons,  or  2150  pounds  of  coke  to  2260 
pounds  of  iron.t  The  ore-mixture  yielded  46.5  per  cent,  of  iron. 
The  average  percentage  of  limestone  used  was  32. 

The  second  run  of  which  a  record  is  given  was  from  Aug.  31st 
to  Sept.  6th,  both  inclusive.     This  run  was  as  follows : 

Record  of  Ivanhoe  [Va.)  Furnace  for  Seven  Days  in  August  and 

September,  1890. 


Aug.  31, 
Sept.  1, 
"  2, 
"  3, 


Tons. 
.  70 
.  68 
.  74 
.  65 


Sept.  4, 
"  6, 


Tons. 
68 
67 
64 

476 


This  was  an  average  of  68  tons  a  day.  The  conditions  of  the 
furnace  during  this  run  were  as  follows : 

Averacre  blast-temperature,  1155  degrees,  Fahrenheit;  average 
revolutions  of  engine,  31,  equivalent  to  9517  cubic  feet  of  piston 
displacement  per  minute  ;  blast-pressure,  6.3  pounds  per  square 
inch ;  steam-pressure,  76.00  pounds  per  square  inch. 


«  Stopped  2  hours.  , 

t  An  allowance  of  20  pounds  is  made  for  sandage  on  each  long  ton  of  iron.     AH 
products  of  pig-iron  are  therefore  given  in  tons  of  2260  pounds. 
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During  this  period  the  consumption  of  fuel  was  1.01  short  tons, 
or  2020  pounds  to  each  2260  pounds  of  iron  produced.  The  ore- 
mixture  yielded  49  per  cent,  of  iron.  The  furnace  was  burdened 
for  mill-iron,  but  made  25  per  cent,  of  the  lower  grades  of  foundry- 
iron. 

The  Ivanhoe  pig-iron  has  the  following  composition : 


No.  1. 

Xo.  2. 

No.  3. 

Gray  Forge, 

Silicon,          per  cent., 

.     2.026 

1.113 

1.026 

.980 

Manganese,     "       " 

.       .884 

.872 

.871 

.910 

Phosphorus,    "       " 

.       .622 

.620 

.564 

.564 

Sulphur,          "       " 



.040 

All  things  considered,  it  would  seem  that  a  fuel-consumption  of  a 
little  over  2000  pounds  of  coke  to  2260  pounds  of  iron,  made  with 
an  ore  yielding  less  than  50  per  cent,  of  iron  in  the  furnace,  and 
that  ore  a  washed  ore,  carrying  with  it  into  the  furnace  a  large 
amount  of  water,  is  fully  as  good  work  as  that  shown  by  the  Edgar 
Thomson  furnaces. 

I  have  noticed  in  the  discussion  of  this  paper  that  the  only  com- 
parisons which  have  been  made  between  different  cokes  have  been  as 
to  their  chemical  constituents.  Connellsville  coke  has  been  com- 
pared with  Durham  coke  simply  by  the  percentage  of  ash.  Now,  I 
think  that  I  am  right  in  saying  that  while  purity  of  coke  is,  within 
certain  limits,  a  good  thing,  its  physical  characteristics  also,  within 
certain  limits,  are  at  least  equally,  if  not  more  important.  There  is 
no  question  that  of  two  fuels,  the  one  which  might  be  greatly 
inferior  to  the  other  in  chemical  characteristics  might  nevertheless 
be  vastly  superior  to  it  as  a  blast-furnace  fuel.  The  Pocahontas  Flat 
Top  coke,  which  shows  a  much  lower  percentage  of  ash  than  the 
Connellsville  coke,  is  yet  inferior  to  it  in  some  re^^pects  as  a  blast- 
furnace fuel.  It  shows  a  greater  waste  in  transportation,  and  does 
not  appear  to  have  the  same  power  to  resist  the  dissolving  action  of 
carbon  dioxide  in  the  top  of  the  furnace.  It  has  been  my  obser- 
vation that  cokes  which  are  coated  with  graphite  do  not  give  hot 
tops  in  the  furnace,  and  that  where  the  silvery  luster  or  coating  of 
graphite  is  wanting,  there  appears  to  be  a  greater  frequency  of  hot 
tops  and  a  greater  fuel-consumption.  I  have  been  hoping  that  Sir 
Lowthian  Bell  would  explain  to  us  how  it  is  that  a  coke  with  a  high 
percentage  of  ash  will  sometimes  give  better  results  in  the  furnace 
than  a  coke  with  lower  ash. 

Sir  Lowthian  Bell,  Middlesbrough,  England :  In  answer  to 
Mr.  Weeks,  regarding  tlie  behavior  of  the  coke  in  the  blast-furnace, 
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I  would  say  tliat  chemical  composition  affords  no  solution  to  the 
question.  Upon  what  it  depends  I  eamiot  tell,  but  this  I  know,  that 
different  kinds  of  coke  are  more  or  less  easily  acted  upon  by  hot 
carbonic  acid.  In  the  event  of  that  action  going  on  in  the  upper 
part  of  the  furnace  (which  is  the  only  place  where  it  can  occur),  and 
the  coke  there  being  dissolved  by  carbonic  acid,  every  unit  of  coke 
so  consumed  causes  a  direct  loss  of  heat  to  the  extent  of  5600 
calories,  and,  moreover,  that  coke,  which  ought  to  have  been  burned 
at  the  tuyeres,  never  arrives  there,  so  that  a  still  further  loss  is 
incurred.  I  have  had  many  specimens  of  brilliant  and  apparently 
most  excellent  coke,  which,  when  exposed  to  a  current  of  carbonic 
acid  in  a  heated  tube,  were  more  rapidly  acted  upon  than  other 
varieties  of  a  less  inviting  character.  I  take  it  for  granted  that  this 
depends  altogether  upon  the  mechanical  character  of  the  coke 
itself,  and  that  the  harder  it  is  the  more  impervious  it  will  be  to 
the  action  of  the  hot  furnace-gas. 

E.  P.  Martin,  Dowlais,  South  Wales:  Some  time  ago  when  I 
took  the  management  at  Dowlais,  we  were  making  coke  in  the  ordi- 
nary ovens,  and  without  a  very  good  system  of  coal-washing.  That 
coke  worked  in  the  furnaces  with  a  very  bad  yield — in  fact  it  was 
put  anywhere  and  got  rid  of  as  fast  as  possible.  The  same  coal, 
thoroughly  washed  in  a  Copoee  machine  and  thoroughly  coked  in 
Coppee  ovens,  is  now  doing  work  equal  to  the  best  South  Wales 
coke  made  in  the  district,  yet  as  far  as  luster  and  appearance  go,  it 
is  not  at  all  inviting.  I,  therefore,  do  not  think  that  much  depends 
upon  whether  the  coke  is  lustrous  or  otherwise,  provided  it  is  hard 
and  dense. 

Mr.  Gayley  :  The  interest  that  has  been  manifested  in  the  paper 
which  I  have  presented  is  a  matter  of  deep  gratification  to  me,  and 
I  am  sure  that  the  discussion  which  has  taken  place  will  be  of  value 
to  us  all.  On  account  of  the  extent  of  the  discussion,  I  shall  make 
but  very  few  remarks.  As  to  the  shape  of  the  furnace,  the  drawings 
simply  represent  types.  We  had  but  five  furnaces  at  first  to  make 
comparisons  with,  but  now  we  have  nine.  The  general  practice  has 
been  to  decide  on  a  type  of  furnace  and  then  to  repair,  according  to 
that  type,  throughout  the  whole  line.  I  understand  from  Mr. 
Windsor  Richards  that  in  the  future  advancement  in  America, 
changes  in  the  shape  of  the  furnace  will  probably  be  in  the  direction 
of  larger  capacity,  but  our  more  recent  experience  at  the  Kdgar 
Thomson  works  has  been  that  we  get  a  larger  output  and  a  higher 
fuel-economy  by  narrowing  our  furnace-stacks.     This  will   be  seen 
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by  a  reference  to  the  last  furnace  that  I  mentioned,  in  which  the 
cubic  capacity  has  been  reduced  from  19,800  to  18,200  cubic  feet, 
resulting  in  increased  output  and  diminished  coke-consumption.  The 
tendency  is,  I  think,  in  the  direction  of  narrow  stacks,  and  I  agree 
with  the  statement  presented  as  to  the  angle  of  the  bosh,  since  that 
which  I  have  found  in  my  practice  to  give  the  best  results  is  75 
degrees. 

With  regard  to  the  quality  of  the  ores,  I  do  not  know  that  we 
have  any  data  showing  the  reducibility  of  the  Lake  Superior  ores  in 
comparison  with  the  Cleveland  ore,  but  that  is  a  subject  on  which  I 
hope  to  be  able  to  present  some  results  in  the  near  future  (see  below). 
There  is  one  point  in  our  practice  with  regard  to  ores  to  which  I 
would  draw  your  special  notice;  we  use  at  the  Edgar  Thomson  works 
probably  18  different  kinds  of  ore,  and  hence  have  a  great  variety 
to  select  from.  In  a  furnace  making  regular  Bessemer  iron,  we  aim 
to  select  from  these  ore-piles  those  particular  kinds  which,  by  the 
demonstration  of  actual  practice,  give  the  best  results  wiien  worked 
together ;  and  our  more  recent  practice  shows  that  we  are  getting  far 
better  results  by  discarding  the  lump-ore  and  using  fine  ore  exclu- 
sively. In  fine  ore,  I  include  those  Lake  Superior  ores  which  have 
a  shaly  structure. 

I  would  also  emphasize  the  careful  selection  of  coke.  We  endeavor, 
as  far  as  possible,  to  get  our  coke  from  mines  where  the  quality  is  as 
uniform  in  appearance  as  possible,  paying  little  attention  to  the 
chemical  analysis  but  selecting  the  hard  and  silvery  coke,  and 
avoiding,  as  mucii  as  practicable,  the  softer  coke,  which,  as  has  been 
shown  by  Sir  Lowthian  Bell,  wastes  away  at  the  top  of  the  furnace. 
We  find  the  jieculiar  circumstance  that  during  wet  weather,  or  on 
days  when  there  is  a  great  deal  of  moisture  in  the  atmosphere,  the 
coke  is  of  an  inferior  quality,  and  does  not  give  us  the  same  duty 
in  the  furnace  as  coke  made  in  cold,  dry  weather.  There  is  less 
density ;  it  is  very  much  softer,  and  it  crumbles  to  a  greater  extent. 
I  have  found  also,  that  where  a  great  variety  of  coke  is  used  from 
many  different  mines,  we  get  far  poorer  results  than  when  we  make 
a  selection  from  one  or  two. 

In  concluding,  I  may  remark  that  every  detail  in  the  management 
of  our  blast-furnaces  is  most  carefully  considered.  Tiiorc  is  no  point, 
however  insignificant,  that  is  not  treated  as  if  it  were  a  matter  of 
vital  importance.  Finally,  I  take  pleasure  in  acknowledging  the 
benefit  we  have  derived  from  putting  in  practice  the  many  valuable 
suggestions  resulting  from  the  laborious  researches  of  Sir  Lowthian 
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Bell,  whose  investigations  have  lifted  the  manufacture  of  pig-iron 
out  of  the  rut  of  a  rule-of-thumb  practice,  and  placed  it  on  a  sub- 
stantial scientific  basis. 

*  The  question  of  the  comparative  rediicibility  of  Cleveland  ore 
and  the  Lake  ores  of  America  has  often  been  touched  on  in  comparing 
English  and  American  blast-furnace  practice,  and  as  it  has  always 
figured  as  an  uncertain  factor  in  such  comparisons,  I  have  had  some 
experiments  made  which  throw  light  on  the  subject.  The  ores 
selected  for  the  tests  are  the  ones  principally  used  in  the  mixtures  at 
various  works  for  the  production  of  Bessemer  iron.  The  experiments 
were  conducted  by  Mr.  Grammer,  in  my  laboratory,  under  precisely 
the  same  conditions,  and  with  the  same  apparatus,  etc.,  as  are 
described  in  Sir  Lowthian  Bell's  Chemical  Phenomena  of  Iron 
Smelling ;  and,  for  the  purpose  of  comparing  with  some  definite 
experiments,  it  was  decided  to  follow  the  conditions  governing 
experiments  36,  37,  etc.,  recorded  on  page  18  of  that  work.  The 
quantity  of  CO  passed  through  the  apparatus  was  63  liters  in  6 
hours  ;  the  temperature  obtained  was  780  to  790  degrees  Fahr.  The 
results  are  recorded  below  : 


Ore  Numbers. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Aver- 
age. 

Per  cent  Fe  in 
ore, 

60.0 
48.0 

58.8 
46.4 

62.4 
41.4 

62.6 
40.2 

68.8 
38.7 

61.0 
31.7 

65.6 
29.5 

67.4 
29.4 

62.0 
23.1 

64.6 
14.7 

61.6 

12.7 

66.2 
10.3 

63.4 
30.5 

Perct.  original 
0.  moved,.... 

From  the  preceding  tableit  will  be  seen  that  the  average  removal 
of  oxygen  is  30.5  per  cent.  Comparing  this  with  the  results  obtained 
by  Bell,  as  recorded  on  page  18,  we  find  : 

Exp.  36. — Calcined  Cleveland  ore,  containing  40  per  cent.  Fe. 
Original  oxygen  removed,  37.3  per  cent. 

Exp.  37. — Lancashire  hematite  containing  66.6  per  cent.  Fe. 
Original  oxygen  removed,  35.9  per  cent. 

This  shows  that  the  average  Lake  ore  in  America  is  somewhat 
more  refractory  than  either  the  Cleveland  or  Lancashire  ore.  The 
ores  above  given  are  all  used  extensively,  and  are  selected  as  repre- 
senting an  average  mixture  at  many  American  blast-furnaces. 

*  Mr.  Gayley's  remarks  from  this  point  on  were  communicated  subsequently  to 
the  Secretary. 
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John  Birkinbine,  Philadelphia,  Pa.  (Communication  to  the 
Secretary):  The  data  presented  by  Mr.  Gayley  in  his  paper  and 
those  brought  out  in  the  discussion,  illustrate  the  practice  of  some 
of  the  more  important  American  blast-furnace  plants,  and  while 
the  figures  have  assumed  proportions  which,  as  Sir  Lowthian  Bell 
says,  are  surprising,  they  are  not  relatively  more  so  than  some 
of  the  results  obtained  in  the  smaller  furnaces  of  the  United  States. 
The  average  work  of  American  blast-furnaces  falls  far  below  the 
record  given  by  Mr.  Gayley,  but  if  the  figures  lie  offers  are  com- 
pared with  results  obtained  elsewhere  in  proportion  to  the  cubic 
capacity  of  the  furnace,  and  due  allowance  be  made  for  ores,  fuel, 
temperature  of  blast,  etc.,  some  of  the  smaller  furnaces  will  be 
found  well  up  in  the  race.  The  demands  upon  American  blast- 
furnace managers  have  tended  to  develop  personal  characteristics 
which  have  done  more  than  anything  else  to  advance  them  to  the 
head  of  the  profession.  In  discussing  Mr.  Gay  ley's  paper  I  shall 
confine  ray  remarks  to 

1st.  The  remarkable  output  and  low  fuel-consumption  obtained 
in  some  of  our  smaller  blast-furnaces,  particularly  among  those  using 
charcoal  as  fuel. 

2d.  The  personal  factor  of  management  which,  after  all,  is  the 
true  secret  of  the  remarkable  and  unusual  records  which  have  been 
presented  in  Mr.  Gayley's  paper  and  in  the  discussion. 

Few  American  blast-furnaces,  using  charcoal  as  fuel,  reach  the 
dimensions  of  the  smaller  furnaces  using  coke.  The  largest  char- 
coal furnace  in  the  United  States  has  a  bosh-diameter  of  14  feet  and 
a  height  of  60  feet;  the  next  in  size  has  a  12-foot  bosh  and  a  height 
of  65  feet.  A  mean  size  of  the  blast-furnaces  now  active,  which  use 
charcoal  as  fuel,  will  show  a  bosh-diameter  of  only  10  or  11  feet  and 
a  height  of  50  feet.  As  a  rule,  iron-pipe  stoves  are  in  use,  but  fire- 
brick stoves  are  connected  with  four  or  five  plants,  while  a  few  fur- 
naces are  still  operated  with  cold  blast. 

Without  burdening  the  discjassion  with  data  obtained  from  many 
furnaces,  the  results  secured  at  two  charcoal  blast-furnaces  are  pre- 
sented. 

The  first  of  these  is  the  Spring  Lake  furnace,  on  the  eastern  penin- 
sula of  Michigan.  The  stack  is  46  feet  high,  with  a  bosh  10|  feet 
in  diameter,  a  5-foot  crucible  and  a  5-foot  bell.  It  is  blown  by  a  ver- 
tical engine  with  air-cylinder  of  5  feet  diameter  and  4  feet  stroke. 
The  blast  is  heated  in  iron-pipe  stoves  to  850°  F.,  and  enters  the  fur- 
nace through  four  3,'j-inch  tuyeres.    The  average  yield  of  the  ore-tnix- 
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ture,  which  consists  principally  of  soft  hematite  from  the  Lake  Supe- 
rior region,  is  from  58  per  cent,  to  61  per  cent,  of  iron.  Tliis  furnace 
was  started  on  March  4th,  1880,  and  up  to  September,  1889,  a  total 
period  of  3471  days,  it  had  been  operated  3205  days  or  about  8^ 
years.  Complete  data  subsequent  to  September,  1889,  are  not  now 
at  hand,  but  the  following  table  will  illustrate  the  duration  of  the 
different  ciimpaigns  and  the  results  obtained  in  each. 

The  iron  is  weighed  from  the  furnace  at  2260  pounds  to  the  ton, 
being  an  allowance  for  sandage  of  20  pounds  for  each  2240  pounds. 
The  charcoal  is  charged  by  measure,  2748  cubic  inches  to  the  bushel, 
the  weight  averaging  20  pounds.  To  the  table,  as  presented  by  Mr. 
J.  C.  Ford,  the  manager,  have  been  added  the  calculated  weights  of 
charcoal  per  ton  of  pig-iron  : 


Record  of  the  S'prmg  Lake  Furnace,  Michigan. 


1st  Blast, 
2d        '• 
3d 

4th  " 
5th  " 
6th      " 


Totals  and  averages, 


Q 

>. 

a 

Total 

c 

077 

7 

799 

7 

331 

11 

510 

14 

586 

10 

361 

10 

3264 

59 

670 
792 
320 
496 
576 
351 


3205 


29,040 
33,124 
15,279 
26,867 
29,237 
20,451 


153,998 


43 
42 

48 
54 
51 
58 


48 


t&sz  c 


94 
95 
89 
88 
92 
95 


92.2 


S-a 


Cli 


c  P- 
5?ofl 

(2  Si?, 


1880 
1900 
1780 
1760 
1840 
1900 


1844 


This  table  shows  that  there  was  an  average  product  of  48  gross 
tons  per  day,  and  a  total  consumption  of  92.2  bushels  or  1844  pounds 
of  charcoal  per  ton  of  iron  made. 

In  the  first  year  of  operation,  this  furnace  made  for  one  week  a  ton 
of  pig-iron  on  1715  pounds  of  charcoal. 

The  second  example  is  the  Hinkle  furnace,  at  Ashland,  Wis.,  on 
the  shores  of  Lake  Superior,  using  only  the  soft  red  hematite  of  the 
Gogebic  range.  The  furnace  is  60  ^eat  high,  with  a  bosh-diameter 
of  12  feet,  and  is  equipped  with  two  fire-brick  stoves,  18  by  60  feet, 
and  with  a  vertical  blowing-engine  having  an  air-cylinder  of  6  feet 
diameter  and  4  feet  stroke.  Mr.  Morris  R.  Hunt,  the  manager,  has 
supplied  me  with  the  following  information  : 

The  furnace  was  blown  in  on  April  4,  1888,  and  blown  out  on 
June  30,  1888.  During  this  period  it  made  3261  gross  tons  of  pig- 
VOL,  XIX. — 63 
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iron.     The  actual  number  of  working-days  was  73,  and  average  daily 
output  44.67  gross  tons  of  pig  iron. 

It  was  again  blown  in  on  August  21,  1888,  and  blown  out  on 
Auo-ust  1,  1889.  During  this  period,  under  Mr.  Hunt's  manage- 
ment, it  made  26,137  gross  tons  of  pig-iron.  The  actual  working- 
days  numbered  316,  and  average  daily  make  82.71  gross  tons  of 
pig-iron. 

The  furnace  was  again  blown  in  on  September  9,  1889,  and  in 
the  interval  of  14|  months  just  passed  has  made  the  following  re- 
markable record  : 

Total  length  of  campaign,  443  days. 

Actual  running  time,  382  days. 

Total  output  for  blast,  41,600  gross  tons. 

An  average  of  109  tons  per  day  of  actual  running  time. 

The  yield  of  ore  was  55  per  cent,  of  iron. 

The  average  consumption  of  charcoal  per  ton  of  iron,  1815  pounds. 

Tiie  average  consumption  of  limestone  per  ton  of  iron,  177 
pounds. 

The  cubic  capacity  of  the  furnace  is  3500  cubic  feet. 

A  volume  of  6500  cubic  feet  of  air  per  minute  was  blown  into 
the  furnace  through  six  5-inch  tuyeres  at  a  pressure  of  about  5| 
pounds  and  a  temperature  of  about  1300°  Fahr.  The  best  week's 
work  was  made  during  the  visit  of  the  Institute  to  the  United 
States,  when  1009  tons  of  ])ig-iron  were  produced  on  an  average 
fuel-consumption  of  1806  jiounds  of  charcoal.  During  that  week 
the  ores  yielded  56.4  per  cent,  of  iron,  and  the  volume  of  air  blown 
into  the  furnace  per  minute  amounted  to  9300  cubic  feet  at  a  tem- 
perature of  1300°.  The  limestone-burden  was  4h  per  cent,  of  the 
ore-burden.  The  composition  of  the  cinder  at  tiie  Ashland  furnace 
is  reported  to  vary  from  46  to  51  per  cent,  of  silica  and  11  to  15  per 
cent,  of  alumina. 

In  each  of  the  different  classes  of  blast-furnaces — that  is,  in  the 
furnaces  using  anthracite  coal,  coke  or  charcoal,  and  in  most  of  the 
iron-producing  districts — a  few  plants  have  attained  prominence  by 
reason  of  large  outputs  and  low  fuel-consumption  or  both,  and  some 
of  the  works  using  lean  ores,  or  ores  difficult  to  smelt,  are  doing 
almost  as  remarkable  work  as  some  others  whose  material  or  facili- 
ties give  them  advantages.  It  is  not  always  that  the  finest  equipped 
plants  achieve  the  best  results;  on  the  contrary,  quite  a  nun)bt'r  of 
the  l)last-furnace  managers,  who  have  attained  enviable  reputations, 
have    furnaces  with    but   moderate  equipments,   and    the  credit  of 
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unusual  output  or  low  fuel-consuini)tion  seldom  rests  with  the  plants 
whit'li  liave  descended  as  legacies  from  father  to  son.  A  majority  of 
the  bhist-fiiruacos  which  have  brought  credit  to  the  pig-iron  iudn.^try 
of  the  United  States  are  managed  by  well-educated  men  who  have 
graduated  from  the  office,  tlie  laboratory,  or  some  other  department 
connected  with  the  industry.  A  visit  to  the  plants  which  have  been 
nu)st  successful  reveals  a  thoroughness  of  management  and  care  as  to 
detail,  which  impresses  a  stranger  at  once  with  the  conviction  that 
there  is  good  reason  for  the  results.  The  factor  of  personal  manage- 
ment as  affecting  the  output  and  returns  of  a  blast-furnace  are  too 
often  overlooked,  and  even  when  credit  is  awarded  for  it,  the  full 
importance  of  such  management  is  not  always  appreciated. 

Constant  vigilance,  strict  attention  to  details,  and  a  thorough 
familiarity  with  all  the  various  features  of  the  plant  are  necessary; 
and  in  addition  to  these  an  acquaintance  with  the  chemical  and 
physical  characteristics  of  the  materials  charged  into  the  furnace,  as 
well  as  with  the  composition,  structure  and  suitableness  of  the 
product  for  all  accessible  markets  are  essentials  of  good  furnace 
management.  But  the  phenomenal  results  which  have  been  obtained 
are  largely  traceable  to  a  confidence  born  of  a  realization  of  com- 
petence to  handle  the  plant,  together  with  prompt  and  aggressive 
action  in  emergencies. 
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BY  BURDETT  LOOMIS,    HARTFORD,  CONN. 

( From  the  Proceedings  of  the  Kew  York  Meeting  of  the  Iron  and  Steel  Institute,  October,  1890.) 

The  advantages  of  gaseous  fuel  have  been  too  fully  set  forth  dur- 
ing the  past  few  years  to  need  recapitulation.  Papers,  arguments, 
and  editorials  have  been  issued,  in  a  more  or  less  general  way,  that 
would  make  volumes.  Systems  have  found  zealous  advocates,  and 
many  promises  of  results  that  have  sounded  strangely  in  the  ears  of 
old-fashioned  gas-makers,  have  been  born  of  theory,  and  have  died 
in  the  earliest  throes  of  trial ;  while  in  some  few  instances  success 
has  demonstrated  the  value  of  practical  effort.  With  few  exceptions, 
however,  everything  attempted  or  accomi)lished  has  tended  towards 
the  one  end — the  realization  of  more  perfect  results  than  we  can 
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Fig.  I. 
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F  Horizontal  Section  on  Line  CD.  H 


998 


FUEL-GAS    AND   SOME   OP   ITS    APPLICATIONS. 


Fig.  (0. 


HORIZONTAL  SECTION  ON    LINE    A.B. 
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obtain  with  the  direct  use  of  solid  fuels;  and  there  are  to-day  few 
to  dispute  the  coming  supremacy  and  general  use  of  gaseous  fuel. 

It  is  not  assumed  that  the  solid  fuels  will  be  wholly  superseded; 
such  an  assumption  would  be  folly,  as  there  are  circumstances  in 
which  solid  fuels  must  continue  in  use,  from  necessity  or  economy. 
These,  however,  are  few,  and  can  almost  be  named  in  a  breath ;  while 
the  purposes  for  which  the  gaseous  fuel  is  not  only  cheapest,  but 
best,  are  so  many  as  almost  to  defy  enumeration.  Wherever  con- 
stant high  flame-temperature  is  necessary,  the  gaseous  form  must  find 
precedence,  while  its  easy  carriage  to  long  distances  and  its  attain- 
ment of  maximum  temperature  almost  instantaneously  with  ignition, 
give  it  a  leverage  that  is  scarcely  covered  by  that  easy  term — con- 
venience. 

The  discovery  and  application  of  natural  gas  has  not  only  borne 
the  weightiest  of  testimony  on  behalf  of  the  general  necessity  for 
fuel-gas  in  nearly  all  fields,  but  it  has  done  more.  Its  wide  scope 
of  service,  from  the  great  establishments  wherein  thousands  use 
it  constantly,  to  the  cottage  where  it  saves  countless  steps  for  the 
housewife,  has  demonstrated  the  necessity  for  a  gas  of  general  aj)pli- 
cation,  that  will  fulfil  all  the  demands  of  the  manufacturer,  and 
meet  the  wants  of  the  domestic  user.  The  fuel  gas  that  is  to  score 
a  wide  success  must  fill  these  conditions.  For  a  gas  that  will  not, 
the  field  is  limited. 

In  the  manufacture  of  a  fuel-gas,  then,  it  is  obvious  that  certain 
conditions  are  primarily  necessary. 

As  concerns  the  apparatus  to  be  used,  these  are: 

1.  Simplicity. — It  must  be  easily  and  cheaply  worked,  and  require 
a  mimimum  of  skilled  labor. 

2.  Durability. — It  must  do  its  work  with  but  little  repair  or  re- 
placement. 

As  to  the  material  to  be  used  in  the  manufacture  of  the  gas,  the 
conditions  are : 

1.  Richnefi-s. — It  must  contain  the  necessary  carbon. 

2.  Cheapness. — It  must  be  generally  obtainable  in  large  quantities 
at  low  prices. 

These  qualifications  are  met  by  the  slack  or  fine  bituminous  coal, 
which  is  the  least  expensive  of  all  coals,  and  is  obtainable  in  nearly 
all  markets  at  low  rates. 

These  points  established,  it  remains  to  decide  upon  the  kind  of 
gas  to  be  made.     This  must  be  calculated  to  meet  all  the  wants  of 
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those  for  whose  uses  it   is  intended.     Here  we  find  it  necessary  to 
consider  the  following: 

1.  Quality. — The  gas  must  contain  all  the  carbon  possible,  con- 
sistent with  the  other  necessary  conditions. 

2.  Cost. — It  must  be  low  in  cost,  especially  in  view  of  its  use  in 
large  quantities. 

3.  Cleanliness. — It  must  be  as  free  as  practicable  from  impurities, 
and  must  be  clean  as  regards  the  more  perceptible. 

4.  Transmission. — It  must  be  capable  of  easy  carriage  to  reason- 
bly  long  distances,  and  through  small,  as  well  as  large,  pipes. 

5.  Temperature. — It  must  iiave  a  constant  high  flame-tempera- 
ture, and  must  ignite  under  all  conditions,  when  desired. 

For  general  adaptability  to  the  wants  of  all  classes  of  consumers, 
the  requirements  named  must  be  met,  and  the  more  completely  they 
are  met,  the  greater  will  be  the  success  of  the  gas  oifered. 

In  many  cases,  a  good  producer-gas  accomplishes  all  that  is  needed, 
and,  used  in  a  well-constructed  regenerative  furnace,  is  much  cheaper 
than  coal ;  but  its  usefulness  is  confined  to  places  where  such  fur- 
naces can  be  constructed,  if  high  flame-temperature  is  required,  or 
where  low  heats  are  sufficient,  and  obtained  without  regeneration. 
Outside  of  such  confines,  it  is  not  economical,  and   is  seldom  useful. 

Without  discoursing  on  the  relative  merits  of  other  gases,  I  believe 
that  the  gas  best  suited  for  general  fuel-purposes  is  water-gas.  Its 
flame-temperature  is  high,  it  is  cleanly,  reasonably  free  from  impuri- 
ties, and  it  can  be  transmitted  to  long  distances. 

The  one  possible  factor  to  which  objection  might  be  made  is  its 
cost.  If  it  meets  this  requirement,  there  is  no  further  bar  to  acknowl- 
edgment of  its  claims.  Can  it  be  made  from  the  cheapest  of  materials 
o-ffered  in  the  general  market  for  gas-making  purj)oses?  In  discuss- 
ing the  lions  in  the  path  of  success  in  this  direction,  the  London 
Journal  of  Gas  Lighting,  some  months  ago,  pronounced  the  follow- 
ing ultimatum  : 

"The  slack,  however  wet,  dirty,  dusty,  sulphurous,  or  stony, 
should  be  tipped  into  the  hoppers  of  the  gas-making  cupolas,  and 
gasification  should  go  on  continuously  and  completely,  so  that  noth- 
ing but  gas  and  ashes  should  remain  of  the  material  put  into  the 
apparatus." 

This  can  be  done,  and  is  don(>,  in  many  places,  with  the  Loomis 
apparatus,  which  is  using  the  cheap  coal  mentioned,  as  well  as  the 
more  expensive  anthracite  coals  and  coke.  This  apparatus  is  the  only 
one  that    I    know    of   in   successful    operation    making    water-gas 
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directly  from  the  bituminous  slack-coals  that  are  found  in  abundance 
in  many  parts  of  the  world.  It  is  a  simple  fuel-gas-generatino- 
machine,  and  it  will  not  only  make  as  much  water-gas  from  a  ton 
of  this  slack-coal  as  can  be  produced  by  any  other  method  from  the 
same  quantity  of  anthracite  or  coke,  but  it  also  utilizes,  the  blast- 
gases  for  making  the  steam  necessary  to  run  the  engines  and  ex- 
hausters, and  for  decomposing,  leaving  a  surplus  for  other  work;  or 
the  blast  producer-gas  or  generator-gas  can  be  used  in  regenerative, 
reheating-,  annealing-,  melting-furnaces,  etc.  For  these  purposes,  the 
producer-gas  made  by  this  apparatus  answers  all  requirements,  as  can 
be  shown  by  demonstration  in  the  several  places  where  it  is  so  used. 

Water-gas  generators,  to  be  economical  producers  of  gas,  must 
be  so  constructed  that  they  will  continuously  make  a  first  class  quality 
of  gas  for  the  full  period  of  a  twenty-four  hours'  run.  In  all  the 
generators  using  the  up-blast  system,  after  a  few  hours'  run  the 
quality  of  the  gas  becomes  much  poorer  than  at  the  beginning, 
when  the  fires  are  fresh,  on  account  of  the  clinkers  and  ashes  that 
accumulate. 

In  the  Loomis  generator  this  is  obviated,  and  the  gas  is  of  as  good 
quality  at  the  end  of  a  twenty-four  hours'  run  as  at  the  beginning 
or  any  part  of  the  run.  This  is  due  to  the  peculiar  construction  of 
the  generator,  and  the  action  of  the  exhauster  in  collecting  the  ashes 
at  the  bottom  of  the  fire  and  in  the  ash-pit.  In  the  process  of  ex- 
hausting before  making  a  run  of  water-gas,  this  is  highly  heated  and 
useful  for  superheating  the  steam  before  it  strikes  the  incandescent 
coal,  and  in  this  way  the  carbon  is  nearly  all  extracted  from  the 
coal,  less  clinker  is  made,  the  gas  is  freer  from  carbonic  acid,  and 
increased  production  is  obtained. 

In  the  matter  of  quality,  a  high  grade  of  product  should  be  aimed 
at,  and  the  water-gas  made  as  pure  as  possible,  so  that  it  can  be  used, 
where  practicable,  without  purification.  In  works  where  it  must  be 
purified,  the  better  the  quality  of  the  gas  the  less  the  expense  for 
purifying. 

The  claim  has  been  made  that  the  water-gas  that  can  be  made 
from  a  given  amount  of  coal  must  be  less  economical  than  the  coal 
used  directly,  both  on  account  of  the  smaller  number  of  units  of  heat 
contained  in  the  gas  and  the  labor  and  expense  of  making.  Where 
coal  can  be  well  fired,  and  gases  economically  burned  direct  from 
the  furnace,  this  is  in  many  instances  true  ;  but  the  great  fields  for 
water-gas  lie  in  the  special  uses  for  the  many  kinds  of  metiillnrgical 
work  and  kindred  work  where  coal  directly  used  cannot  enter  as  a 
comparative    factor,   and    for  domestic  purposes,  where  the  gas  is 
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proving  itself  as  cheap  as  the  coal,  if  not  cheaper,  while  it  accom- 
plishes results  that    are  not  obtainable  with  the  solid  fuel. 

Id  estimating  the  economy  of  its  general  uses,  another  factor  must 
be  considered.  This  is  application.  In  this  particular,  the  threshold 
of  investigation  has  scarcely  been  crossed,  yet  much  has  been 
accomplished,  while  the  future  is  fruitful  of  certain  realization. 
Until  lately,  the  gas  has  not  been  obtainable  for  the  purposes  of  ex- 
perimenting in  large  quantities,  and  as  yet,  in  special  work,  the 
methods  of  application  are  comparatively  crude.  Within  the  past 
few  years,  however,  much  has  been  done  in  the  face  of  untoward 
circumstances,  and  you  can  now  be  shown  tl)e  gas  in  use  in  many 
ways  where  it  has  supplanted  coal,  and  wherein  it  has  been  found 
more  economical  than  to  fire  coal,  without  taking  into  consideration 
any  other  features  of  advantage. 

In  nearly  all  branches  of  metallurgical  work  wherein  the  gas  can 
be  applied,  however,  there  is  found ; 

1.  An  increased  product. 

2.  A  better  grade  of  product. 

3.  Direct  economy  in  cost. 

Increase  in  amount  of  product  arises  from  the  saving  in  direct 
labor,  as  can  be  most  easily  seen,  perhaps,  in  forge  shops  and  the  like, 
and  from  the  gain  in  the  personal  condition  of  the  workmen,  owing 
to  the  increased  healthfulness  of  their  surroundings. 

The  gain  in  grade  of  product  arises  chiefly  from  the  uniformity  in 
the  temperature  and  the  quality  of  the  fuel. 

The  economy  in  cost  needs  no  explanation.  I  may  state,  however, 
that  in  some  large  works  which  have  changed  from  coal  to  the  use  of 
fuel  gas,  the  gain  in  direct  economy  has  been  proven  to  be  from  33^ 
to  50  per  cent,  in  labor,  and  over  40  per  cent,  in  fuel. 

In  many  instances  the  gain  from  having  a  sharp,  quickly  heating 
flame,  is  such  as  to  overbalance  the  question  of  more  direct  saving  in 
cost  of  production,  and  it  is  not  infrequently  demonstrated  that,  by 
this  means,  workshop  material  enough  is  saved  to  alone  pay  all  the 
productive  cost  of  the  gas. 

Another  feature  worthy  of  consideration  is  economy  of  space  in 
locating  furnaces  or  other  appliances  for  the  use  of  the  gas,  especially 
where  it  is  desirable  that  these  should  be  grouped  together  as  closely 
as  possible.  It  also  renders  possible  the  location  of  furnaces,  heaters, 
forges,  etc.,  just  where  desired,  without  necessity  for  considering  the 
questions  of  convenience  that  frequently  arise  where  there  must  be 
either  coal  carriage  or  storage. 

With  this,  too,  may  be  considered  the  fact  that  the  heat  from  the 
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gas  is  brought  under  closer  control  than  that  from  the  coal  fires,  and 
there  is  less  heat  radiated  into  the  room  or  space  surrounding  the 
point  of  application.  This,  perhaps,  may  seem  of  minor  im|)ortance, 
but  in  these  days  of  sanitary  investigation  and  of  shortening  the  days 
of  labor,  it  will  be  found  no  little  advantage  to  keep  the  temperature 
of  the  workroom  as  far  as  possible  under  control. 

In  many  parts  of  the  world  inventors  are  devising  new  applications 
of  this  gas,  and  with  marked  success.  It  is  so  well  made  and  so 
easily  handled,  that  its  application  in  many  new  channels  amounts  to 
little  more  than  ordinary  manipulation  and  direction  by  those  who 
understand  the  work  to  be  done. 

Among  the  several  places  in  this  country  where  the  gas  made  by 
the  process  I  have  named  has  been  applied  to  such  a  variety  of  uses 
as  plainly  shows  its  adaptability  as  a  general  fuel,  as  regards  both 
efficiency  and  cost,'  are  the  saw-^^'-orks  of  Henry  Disston's  Sons, 
which  you  will  be  invited  to  examine  on  your  journey  from  New  York 
to  Philadelphia.  There  you  will  see  the  generators  at  work  on  steady 
and  continued  runs,  and  will  see  the  two  gases,  i.e.,  the  water-gas, 
and  the  producer-gas  that  is  made  intermittently  with  the  water-gas, 
both  carried  to  holders,  and  delivered  under  pressure  at  different 
parts  of  the  works. 

This  is  the  first  place  of  which  I  have  knowledge  where  producer- 
gas  has  been  stored  in  a  holder  and  thence  delivered  cold  to  different 
furnaces  at  distances  from  the  generators,  being  fired  cold  at  such 
distant  ])oints.  The  process  of  manufacture  and  the  manifold 
utilization  of  the  different  gases,  but  especially  of  the  water-gas, 
will  be  of  interest.  Full  facilities  for  a  thorough  examination  of  the 
process  of  manufacture  will  be  given,  as  well  as  full  liberty  to  make 
any  tests  or  experiments  desired. 

Estimated  cost  of  1,000,000 /ee<  of  ivater-gas,  hosed  on  actual  results 

with  coal  at  $3.00  per  ton. 

Coal,  25  tons,  |3.00  per  ton, $75.00 

Coal  for  steam,  3  tons,  $3.00  per  ton, 9.00 

Labor 22.00 

Extra  for  supplies  and  repairs, 4.00 

Purifying, 5.00 

$115.00 
Received  for  producer-gas, 40.00 

$75.00 
Interest  on  plant  and  depreciation, 25.00 

$100.00 
Cost  per  1000  feet,  $0.10. 
VOL.  XIX.— 64 
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In  the  practical  using  of  water-gas,  20,000  feet  often  accomplishes 
better  results  than  a  ton  of  coal  directly  fired  ;  in  some  cases  more  is 
used. 

This  has  been  accomplished  by  new  and  improved  methods  of 
application,  and  will  be  improved  upon  as  necessity  demands  and 
appliances  are  perfected. 

I  may  say,  in  conclusion,  that  in  no  place  where  this  gas  has  been 
put  into  use  has  any  thought  been  given  to  a  return  to  coal.  The 
solid  fuel,  once  supplanted,  will  never  be  sought  for  again. 

Description  of  the  Loomis  Generator. 

Figures  1  to  4  show  the  way  in  which  producer-gas  and  water-gas 
are  made  alternately. 

In  bringing  the  coal  to  an  incandescent  state  for  making  water-gas, 
the  door  is  open,  and  the  exhauster  is  started  and  draws  the  air 
down  through  the  coal  and  ash-pit  and  up  through  the  cooling  boiler, 
and  the  producer-gas  made  by  this  operation  is  forced  through  a 
pipe  to  the  holder. 

When  the  coal  is  in  a  proper  state  for  decomposition  of  steam  the 
exhauster  is  stopped,  and  the  door  shut,  and  steam  is  let  on  by  the 
valve-cock,  6,  at  point  X,  and  it  passes  through  the  ash-pit  and  grates, 
where  it  is  highly  superheated,  then  through  the  mass  of  coal,  making 
water-gas,  which  passes  out  at  P  through  the  seal  box  N  to  the  water- 
gas  holder. 

After  a  run  of  about  five  minutes  the  steam  is  shut  off,  the  door 
opened,  the  exhauster  started,  and  the  process  of  making  producer- 
gas  is  again  commenced. 

Since  the  foregoing  paper  was  written,  the  following  actual  results 
have  been  obtained  in  melting  brass  in  crucibles  with  water-gas  with 
improved  furnace : 

In  melting  2000  lbs.  of  brass  in  100-lb.  crucibles,  12,000  cubic 
feet  of  water-gas  was  consumed. 

In  using  same  size  of  crucibles  in  works  that  are  melting  from 
five  to  ten  tons  per  day  with  coal,  it  takes  2000  lbs.  of  coal  for  2000 
lbs.  of  brass. 

Units  of  heat  in  12,000  feet  water-gas  used,  3,000,000. 

Units  of  heat  in  2000  lbs.  coal  used,  27,000,000 ;  or  7^  times  the 
amount  that  is  in  the  gas  used. 

One  ton  of  coal  will  make  40,000  cubic  feet  of  water-gas,  which 
will  accomplish  as  much  as  3J  tons  of  coal  in  this  work. 
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The  cost  of  labor  in  making  water-gas  will  be  less  than  in  firing 
coal  direct.  The  producer-gas  made,  in  addition  to  40,000  feet  of 
water-gas  from  a  ton  of  coal,  will  yield  all  the  steam  needed  and  pay 
interest  and  repairs  on  the  plant. 

The  coal  i4scd  for  making  the  gas,  being  bituminous  slack,  only 
costs  f  as  much  per  ton  as  that  used  with  direct  tiring. 

One  ton  of  coal  to  make  the  gas  costs  $3.00. 

3-^  tons  at  $4.50  per  ton  cost  $13.50. 

Saving  on  coal  in  melting  3|-  tons,  $10.50. 

As  it  only  requires  f  the  time  to  melt  with  gas  that  it  does  with 
coal,  here  is  a  great  saving,  and  less*  space  is  needed  for  furnaces,  as 
only  ^  the  number  are  needed.  Metal  is  not  wasted  in  the  ash,  and 
crucibles  will  last  much  longer. 

In  estimating  comparative  cost  of  labor  and  fuel  in  making  water- 
gas  from  bituminous  or  anthracite  coal  there  is  in  the  Eastern  States 
and  England  a  difference  of  about  $1.50  per  ton  between  tiie  cost  of 
bituminous  slack,  and  coke  or  anthracite,  and  the  estimate  will  be 
made  on  that  basis.  Where  it  is  more  or  less,  allowance  can  be 
made. 

2000  lbs.  Cumberland  slack  will  make  40,000  cubic  feet  of  water- 
gas,  with  340  heat-units  per  foot,  or  13,600,000  per  ton. 

Cost  of  coal,  ....  $3.00 

Cost  of  labor  per  ton, 1.00 

Producer-gas  makes  steam, 

Total, $4.00 

Making  1 ,000,000  heat-units  costs  about  30  cents.  If  the  balance 
of  producer-gas  can  be  utilized  after  making  steam  it  will  reduce  the 
cost  of  the  water-gas  as  low  as  25  cents. 

2000  lbs.  anthracite  coal  or  coke  : 

Cost  per  ton  of  coal, $4.50 

Cost  of  labor  per  ton  of  coal, 1.00 

Coal  for  steam, 0.75 

Total, .        $6.25 

If  it  makes  40,000  cubic  feet  at  300  heat-units  per  foot,  or 
12,000,000  per  ton,  1,000,000  heat-units  would  co.st  52  cents,  or 
nearly  double  that  made  from  bituminous  slack.  The  extra  units  of 
heat  in  gas  made  from  bituminous  coal  is  obtained  from  the  marsh- 
gas  and  illuminants,  which  give  the  gas  a  decided  odor. 
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The  members  of  the  Institute  are  invited  to  visit  the  works  of  the 
Waltham  Watch  Co.,  where  they  will  be  shown  a  variety  of  uses 
different  from  what  can  be  seen  at  Disston's.  • 

Also,  Mr.  J.  Edward  Addicks,  of  the  Boston  Gas  Co.,  will  be 
pleased  to  have  its  gas-works  shown  to  any  members  gf  the  Insti- 
tute who  may  visit  Boston,  and  they  will  there  see  the  fuel  water-gas 
made  and  measured  with  a  meter,  and  the  producer-gas  used  to  fire 
boilers  for  making  steam  and  to  beat  retorts  for  volatilizing  the  oil  to 
carburet  the  water-gas  for  illuminating  purposes.  The  Boston  Gas  Co. 
will  distribute  the  fuel-gas  through  6  miles  of  main  by  November  1st. 

The  quantity  and  quality  erf  the  water-gas  made  there  is  over 
40,000  cubic  feet,  of  340  heat-units  per  foot,  from  2000  lbs.  of  Cum- 
berland coal. 

The  Akron  Fuel  Gas  Co.,  Akron,  Ohio,  has  ten  miles  of  mains, 
and  is  distributing  the  water-gas  for  household  and  other  uses. 


THE  IRON-OBES  OF  VIRGINIA  AND  THEIB  DEVELOPMENT. 

BY  EDMUND   C.  PECHIN,  ROANOKE,  VA. 

(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Steel  Institute, 
October,  1890.) 

The  writer  approaches  this  subject  with  a  great  deal  of  diffidence 
— first,  because  it  is  utterly  imj)ossible  to  treat  it  satisfactorily  within 
the  limits  of  a  paper,  and,  secondly,  because  the  larger  development 
is  of  so  comparatively  a  recent  date  as  to  make  authoritative  data  on 
some  interesting  points  unavailable. 

For  over  one  hundred  years  small  charcoal -furnaces  have  been  in 
existence,  at  widely  scattered  points,  making  a  few  tons  of  iron 
daily,  and  then  gradually  increasing  to  a  daily  output  of,  say  10  to 
12  tons,  as  the  market  widened.  With  the  exhaustion  of  local  sup- 
plies of  wood,  inaccessibility  to  market,  and  sharp  competition,  bring- 
ing lower  prices,  many  were  compelled  from  time  to  time  to  make 
temporary  stops,  and  finally  to  cease  altogether.  During  the  first 
half  of  the  century  there  were  at  different  times  in  operation  between 
75  and  90  charcoal  furnaces.  The  last  Directory  of  the  Iron  and 
Steel  Works  of  the  United  States  (1890)  gives  19  as  the  number  of 
charcoal-stacks  in  Virginia.     Of  these  several   are  cold,  and,  it  is 
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perfectly  safe  to  say,  will  never  resume.  All  of  them  lie  within  a 
few  mile.s  of  the  Norfolk  and  Western  and  Shenandoah  Valley  rail- 
roads and  run  on  th^  brown  ores  of,  and  adjacent  to,  the  Potsdam 
sandstones,  to  be  hereafter  described.  The  iron  made  by  these  fur- 
naces was  almost  wholly  cold-blast  and  noted  for  its  excellence  for 
tough  castings  and  chilling  car-wheel  irons.  The  change  came 
when  the  con)pletion  of  the  Chesapeake  and  Ohio  Railway  made 
the  fine  coking  coals  of  West  A'^irginia  available;  and  an  extraor- 
dinary impetus  was  given  when,  in  1882,  the  Norfolk  and  Western 
E,ai\road,  with  wise  foresight,  built  to  the  Flat  Top  coking  coals  and 
opened  up  that  wonderful  field  to  the  outside  world. 

The  census  year  of  1880  gave  the  total  output  of  pig-iron  in  Vir- 
ginia as  17,906  tons. 

The  census  year  of  1890,  just  completed,  gives  302,447  tons.  Of 
this,  the  charcoal-production  was  under  18,000  tons,  the  balance 
being  made  by  12  coke-furnaces.  The  rapid  in<'rease  in  late  years 
is  best  seen  by  the  figures  of  the  annual  production :  1886,  156,250 
tons;  1887,  175,751  tons  ;  1888,  197,306  tons;  1889,  251,356  tons. 
There  are  now  in  course  of  active  construction  (and  the  majority 
nearing  completion)  ten  large  first-class  modern  coke-furnaces,  with 
a  yearly  capacity  of  250,000  gross  tons,  and  several  projected. 

The  important  question  now  arises:  What  are  the  sources  of  ore- 
supply  for  all  of  these  plants?  To  settle  this  it  is  necessary  to 
consider  briefly  existing  geological  conditions. 

Every  known  character  of  ore  is  to  be  found,  in  varying  quanti- 
ties, in  the  State  of  A'irginia. 

1.  The  magnetic,  specular  and  gossan  ores  in  the  older  rocks  east 
of  the  Blue  Ridge  (Archaean  belt). 

2.  The  hydrated  brown  hematite  of  the  Potsdam  sandstones  and 
slates  and  in  the  Silurian  limestones  overlying  them  (Nos.  I.  and  II. 
of  Professor  Rogers). 

3.  The  hydrated  brown  hematite  of  the  Lower  Silurian  shales 
(No.  III.  of  Professor  Rogers). 

4.  The  anhydrous  red  hematite,  or  fossil-ore,  of  Professor  Rogers' 
Hudson  Epoch  No.  V.,  ordinarily  known  as  the  Clinton  or  dyestone- 
ore  (Upper  Silurian). 

5.  The  hydrated  brown  hematite  of  the  Oriskany  Epoch  of  Pro- 
fessor Rogers,  No.  VII.  (Upper  Silurian). 

6.  The  hydrated  brown  ore  accompanying  the  Subcarboniferous 
limestones  of  No.  XI. 

7.  The  carbonates  of  the  Coal  Measures,  No.  XI. 
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These  will  be  considered  in  the  inverse  order. 

The  carbonates  can  be  dismissed  without  further  notice.  As  yet 
they  have  only  been  found  as  nodules  in  the  slates,  and  are  of  no 
commercial  value  whatever. 

Of  the  Subcarboniferous  limestone  brown  ores  but  little  is  known, 
They  are  of  unusual  occurrence,  and  apparently  only  local,  and  on  a 
limited  scale.  As  far  as  they  have  been  identified,  they  occur  along 
the  line  of  the  great  fault  in  Tazewell  county,  Ya.,  on  the  Clinch 
Valley  extension  of  the  Norfolk  and  Western  Railroad,  by  which 
fault  No.  XL  is  brought  into  direct  contact  with  No.  II.  The  ex- 
ternal indications  for  many  miles  would  lead  the  casual  observer  to 
believe  in  the  existence  of  very  large  bodies  of  ore ;  but  positive  de- 
velopments weaken  this  impression.  The  quality  of  the  ore  is  very 
fair,  a  considerable  number  of  analyses  showing : 

Per  cent. 

Iron, from  38      to  49 

Silica "     13     to  22 

Phosphorus, "       0.13  to  0.44 

Manganese, "       1       to  2.40 

While  these  ores  may  serve  as  a  local  supply,  they  can  never  be- 
come, from  present  knowledge,  of  commercial  value — in  Virginia 
at  least. 

No.  VII. — We  now  come  to  one  of  the  great  leading  ore  deposits 
of  Virginia,  which  has  during  the  last  eight  years  furnished  the 
largest  amount  of  ore,  and  which  was  until  within  the  last  year  the 
largest  annual  ore-producer,  but  which  is  now  exceeded  in  output 
by  the  ores  of  Nos.  I.  and  II.  It  is  commonly  and  commercially 
known  as  the  Oriskany  brown  ore,  and  supplies  the  furnaces  at 
Lowmoor,  Longdale,  Victoria,  and  Princess. 

At  the  present  time  these  deposits  are  only  reached  by  the  Chesa- 
peake and  Ohio  Railway.  As  there  seems  to  be  no  reason  for 
doubting  the  existence  of  the  measures  carrying  these  ores  for  several 
hundreds  of  miles  through  Virginia,  in  a  northeast  and  southwest 
direction,  it  is  quite  within  the  range  of  probability  that  at  no  dis- 
tant day  the  large  area  carrying  these  measures,  now  inaccessible, 
will  be  penetrated  by  new  railroads  or  branches  from  existing  roads, 
and  the  output  of  ore  largely  stimulated  thereby.  This  is  particu- 
larly probable  from  the  fact  that  this  ore-deposit,  in  connection  with 
that  of  No.  v.,  hereafter  noted,  lies  nearer  to  the  great  coal-fields 
than  any  other.  Incidentally  it  may  be  remarked  that  recent  develop- 
ments from  Big  Stone  Gap,  Wise  county,  Va.,  and  Middlcsborough, 
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Ky.,  are  said  to  show  positively  the  existence  of  the  Oiiskany  ore  at 
or  near  those  h)calities.  This  being  the  case,  it  seems  to  prove  the 
continnity  of  this  ore-deposit  over  several  hundreds  of  miles.  The 
well  known  aphorism,  "all  is  not  gold  that  glitters,"  is  thoroughly 
applicable  not  only  to  this  great  belt  of  ore,  but  to  all  other  brown 
ores,  to  be  hereafter  considered.  To  quote  from  a  recognized  au- 
thority, the  late  Prof  J.  L.  Campbell,  of  AVashington  and  Lee  Uni- 
versity, Lexington,  Va:  "  Although  the  Oriskany  is  the  most  im- 
portant of  the  ore-bearing  formations  in  this  particular  region,  it 
must  not  be  inferred  that  every  part  of  it,  or  even  the  greater  part 
of  it,  is  iron-ore.  Large  portions  consist  of  a  coarse,  gray  sandstone, 
that  is  frequently  highly  colored  with  iron  rust,  and  that  breaks  up 
rapidly  when  exposed,  and  weathers  into  round  boulders  of  a  brown 
color." 

In  many  places  gigantic  boulders,  and  even  cliffs,  20  to  30  feet 
high,  outcrop  on  the  mountain  side,  and  strike  the  inexperienced 
observer  as  iron-ore,  pure  and  simple;  but  oftentimes  these  masses 
are  fatally  charged  with  siliceous  matter,  and  are  commercially  value- 
less. Yet  these  are  usually  the  landmarks  which  indicate  large  and 
valuable  deposits  of  good  ore  immediately  under  them.  Great  varia- 
tions both  in  quantity  and  quality  occur  in  close  proximity,  even  in 
thoroughly  good  mining  ground,  requiring  the  watch  fid  attention 
of  the  practiced  eye,  and  experienced  miner.  The  usual  pitch  of  the 
ore  can  be  taken  at  about  45°,  conforming  to  the  general  stratifica- 
tion, but  this  is  constantly  changing,  at  times  flattening  out,  and  at 
other  times  becoming  nearly  vertical. 

Originally  worked  in  and  near  the  outcrop,  as  open  cuts,  the  large 
mining  operations  are  now  chiefly  underground.  The  present  mines 
at  Longdale,  Alleghany  county,  Va.,give  information  of  much  value, 
and  serve  as  an  illustration.  Originally  supplying  a  charcoal-fur- 
nace, requiring  very  limited  supplies,  0[)en  cuts  were  made  at  the 
outcrop,  about  400  feet  above  the  creek-level,  on  the  hillside.  These 
ran  as  open  cuts  about  4000  feet  in  length,  and  about  100  feet  in 
depth.  At  the  outset  these  same  workings  supplied  the  coke-fur- 
naces, but  at  the  depth  of  100  feet  it  became  impossible  to  keej)  up 
the  walls,  and  underground  mining  was  resorted  to,  and  is  now  the 
only  source  of  supply.  In  locating  a  tunnel,  a  shaft  was  started  at 
the  floor-level  of  the  open  cut  and  sunk  200  feet,  with  a  somewhat 
disa])pointing  result,  as  the  ore  when  struck  was  at  that  jioint  only 
about  12  feet  wide,  and  not  of  average  quality.  Notwithstanding, 
the  tunnel  was  driven  1100  feet,  and  struck  the  ore  at  the  depth  of 
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200  feet,  but  about  150  feet  northeast  of  the  shaft.  The  ore  at  this 
point  was  25  feet  wide  and  fully  up  to  the  average.  From  here 
adits  were  driven  along  the  ore  1400  feet  southwesterly  and  1900 
feet  northeasterly.  Still  lower  down  the  valley  another  tunnel  was 
driven,  striking  the  ore  120  feet  below  the  bottom  of  the  shaft,  giving 
thorouo-h  drainage  to  the  whole  mine.  From  the  surface  to  this  lower 
level  the  ground  is  opened  up  by  adits  and  winzes,  making  a  splendid 
piece  of  mining  property.  The  ore  holds  throughout,  but  turns  and 
bends,  and  stands  at  every  angle,  conforming  to  the  interstratified 
rocks  from  almost  vertical  to  nearly  flat.  The  mine  is  worked  so 
that  in  coming  back  the  pillars  are  drawn,  the  roof  allowed  to  fall 
and  the  hill  completely  robbed.  No  better  opportunity  for  studying 
the  peculiar  characteristics  of  this  ore,  with  its  variations,  both  as  to 
occurrence  and  quality,  can  anywhere  be  found.  The  changes  in  its 
proportions  of  silica  and  manganese,  frequently  within  a  few  feet, 
can  be  fairly  detected  by  the  eye.  At  the  northeast  end  of  the  ore- 
line,  where  a  ravine  occurs,  the  ore  is  entirely  cut  off,  or  if  con- 
tinuous, it  is  at  a  very  much  greater  depth. 

These  details  have  been  gone  into  because  the  conditions  found 
here  are  likely  to  be  characteristic  of  this  ore-lead  throughout  the 
whole  length  of  the  State,  and  in  localities  now  untouched,  but  before 
long  to  be  brought  on  the  market. 

The  total  output  of  this  property  up  to  the  first  of  this  year  has 
been  about  750,000  gross  tons,  and  at  the  present  rate  of  consump- 
tion, say  250  tons  a  day,  if  dead  work  were  to  stop,  there  is  enough 
ground  opened  to  give  four  or  five  years'  supply.  The  bottom  of 
the  lowest  level  is  in  solid  ore  everywhere,  and  the  depth  to  which 
the  ore  may  run,  is  of  course,  unknown. 

At  the  Lowmoor  mine,  a  few  miles  away,  a  shaft  has  been  sunk 
below  water-level  200  feet,  with  the  ore  in  first-class  condition. 
Although  all  of  the  mining  operations  have  to  be  conducted  with 
explosives,  four-fifths  of  the  product  must  go  through  the  washers 
to  cleanse  the  ore  of  the  accompanying  clays.  One  double  log- 
washer  will  wash  100  tons  a  day,  so  that  a  plant  of  three  washers 
keeps  a  furnace  fully  supplied  with  beautifully  cleaned  ore.  Now, 
as  to  the  quality  of  the  ore.  The  glowing  accounts  going  the 
rounds  of  high-grade  ores  to  be  found  in  Virginia  are  misleading 
and  inaccurate.  As  a  rule,  picked  samples  are  taken  for  analysis 
and  the  results  given  as  indicative  of  usual  conditions.  The  follow- 
ing is  the  average  of  a  number  of  analyses  of  picked  lump: 
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Per  cent. 

Water, 13.75 

Silica, 3.90 

Alinnina, 2.50 

Oxide  of  iron, 78.94 

Oxide  of  manganese,         . 0  34 

Lime, 0  14 

Magnesia, ...........  0.34 

Phosphoric  acid, 0.35 

Siilphnr, trace. 

Total 100.26 

Iron 53.26 

Phosphorus, 0  064 

These  are  visitors'  and  promoters'  samples. 

The  result  of  analyses  of  a  large  number  of  furnace-samples  is: 

Per  cent. 

Metallic  iron, 48.09 

Oxygen, 20  48 

AVater, 10.37 

Silica, 15.16 

Alumina, 2.81 

Sulphur, none. 

Phosphorus 0.482 

Manganese,        ..........       0.83 

Lime, 028 

Magnesia, 0.24 

The  manganese  and  silica  are  the  main  sources  of  trouble ;  the 
manganese,  according  to  most  competent  furnace-authority,  fre- 
quently running  up  to  2  to  3  per  cent.  There  is,  however,  an  au- 
thority from  which  there  can  be  no  appeal,  and  which  the  writer 
personally  and  carefully  obtained.  The  average  yield  of  the  ores, 
worked  by  themselves,  at  one  furnace  in  the  district,  is  only  40 
per  cent,  of  iron,  and  the  highest  reached  by  any  furnace  does  not 
exceed  43  per  cent. 

The  massive  lump-ore  is  principally  found  near  the  surface,  and 
steadily  decreases  in  depth,  over  three-quarters  of  the  ore  as  mined 
being  wash  ;  and  it  is  the  wash-ore  that  carries  the  high  silica.  A 
safe  business  calculation  requires  that  wherever  the  great  Oriskany 
ore-beds  are  found  and  worked,  fancy  percentages  of  iron  must  be 
discarded.  As  these  ores  are  found  in  immediate  proximity  to  high- 
grade  limestones,  and  with  splendid  coke,  at  moderate  cost,  avail- 
able, they  form  one  section,  at  least,  of  a  broad  and  stable  founda- 
tion upon  which  a  magnificent  industry  may  be  erected. 
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The  brands  of  pig-iron  made  by  the  furnaces  working  these  ores 
exclusively  are  noted  far  and  wide  for  their  excellence,  for  both 
foundry  and  mill  purposes. 

Clinton,  No.  V. — The  red  hematites,  or  fossil-ores  No.  V.  of 
Professor  Rogers,  as  far  as  Virginia  is  concerned  at  the  present  time, 
have  simply  a  speculative  intere^it,  as  they  are  nowhere  mined  or 
used  in  the  State;  but  they  are  well  known  from  Northern  New 
York  to  Alabama.  Used  for  many  years  at  the  Franklin  and 
Onondaga  furnaces,  Oneida  and  Onondaga  counties,  N.  Y. ;  one  of 
the  principal  sources  of  suj)ply  for  seventy-five  years  for  a  score 
of  charcoal-furnaces ;  and  later  on  for  coke-furnaces  chiefly  in 
Bedford  and  Huntington  counties,  Pa. ;  they  swing  through  Mary- 
land, the  entire  length  of  Virginia  from  northeast  to  southwest; 
are  being  opened  up  at  Middlesborough,  Ky.;  are  the  principal 
ores  for  South  Pittsburgh,  Dayton  and  Chattanooga  furnaces  in 
Tennessee  and  Rising  Fawn  in  Georgia,  and  finally  thicken  up  into 
the  magnificent  beds  of  the  Red  Mountain  at  Birmingham,  Ala. 
The  maximum  thickness  of  the  bed  is  at  or  near  Birmingham, 
and  it  thins  as  it  runs  northward  to  6,  5,  and  3  feet,  and  down  to 
18  inches  of  good  ore  in  northern  Virginia,  Maryland  and  Penn- 
sylvania. Necessarily,  there  are  local  variations,  some  localities 
showing  a  greater  thickness  of  bed  than  others.  It  is,  therefore, 
not  safe  to  predict  what  one  locality  is  going  to  do  by  what  has  been 
found  at  another.  There  is  a  very  large  amount  of  this  ore  to  be 
had  at  a  very  reasonable  cost,  with  proper  mining.  There  is  one 
point  to  which  too  little  attention  has  been  given,  and  which  becomes 
a  very  serious  factor  in  determining  quantity.  Of  course,  the  pro- 
moter does  not  want  to  recognize  the  fact,  but  fact  it'  is,  beyond  any 
peradventure,  and  by  overwhelming  evidence,  that  a  marked  change 
takes  place  in  this  ore  below  water-level,  the  iron  in  it  running 
down,  and  being  replaced  by  carbonate  of  lime  or  silica.  Over  very 
large  areas  now  worked,  a  soft  fossil-ore  above  water-level,  that 
shows  from  52  per  cent,  to  55  per  cent,  of  iron,  and  oftentimes  not 
more  than  a  trace  of  lime,  gives  below  water-level,  28  per  cent,  to  34 
percent,  iron,  with  carbonate  of  lime  from  18  per  cent,  to  30  per 
cent.  At  least  one  large  furnace-plant  in  the  South,  running  |)rinci- 
pally  on  this  lean,  hard  ore,  uses  no  limestone  whatever  in  its 
burden. 

One  fact  must  l>e  borne  in  mind,  as  far  as  Virginia  is  concerned — 
that  it  is  only  recently  that  railroads  have  opened  up  the  country 
carrying  this  ore,  and  made  a  positive  development  possible.     Nota- 
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bly  has  this  been  feronght  about  by  the  building  of  the  Clinch  Val- 
ley extension  of  the  Norfolk  and  Western  Railroad  to  Wise  county, 
Va. ;  the  South  Atlantic  and  Oliio  Railroad  from  Bristol  to  Big 
Stone  Gap;  and  the  Charleston,  Cincinnati  and  Chicago  Railroad 
from  North  Carolina  to  Wise  county,  Va. 

The  published  prospectus  of  the  Big  Stone  Gap  Company  states 
that  about  two  miles  from  that  place,  on  the  line  of  the  South  At- 
lantic and  Ohio  Railroad,  this  ore  has  been  opened  up  at  the  base  of 
Wallen's  Ridge,  and  shows  a  thickness  of  39  inches  of  excellent  soft 
ore.  In  The  Virginias  (May  number,  1880,  p.  78)  may  be  found  an 
article  by  M.  P.  N.  Moore,  then  iconnected  with  the  Geological  Sur- 
vey of  Kentucky,  on  the  "  Iron-ores  near  Cumberland  Gap,  Va." 
which  is  a  succinct,  clear,  and  forcible  article  on  fossil-ores.  He 
found  there  two  workable  seams  of  ore — one  soft,  averaging  20 
inches,  and  one  hard,  of  27  inches — about  75  to  100  feet  apart. 
Careful  sampling  by  him  gave  : 

Soft  ore.  Hard  ore. 

Per  cent.  Per  cent. 

Ferric  oxide, 73.935  47.965 

Alumina, 5.776  2.130 

Carbonate  of  lime 4.510  1.230 

Magnesia, 0.266  0.194 

Pliosphoric  acid, 0.319  0.575 

Sulphuric  acid 0.000  trace. 

Silica  and  insoluble  silicates,      ....     11.730  43.690 

Combined  water, 3.850  4.000 

Total, 100.386  99.784 

Metallic  iron, 51.754  33.575 

Phosphorus, 0.140  0.251 

On  the  Massanuton  Mountain,  over  200  miles  to  the  northeast, 
and  fronting  on  the  west,  on  the  Shenandoah  Valley  Railroad,  the 
same  seams  exist.  Frederick  Prime,  Jr.,  is  authority  for  the  state- 
ment that  on  this  mountain  the  ore  is  known  as  the  "  hard "  or 
"soft"  "  fo.ssil-ore,"  according  as  the  prominent  impurities  are 
silica  or  lime.  This  differs  from  the  conditions  existing  in  lower 
Tennes.see  and  Alabama,  but  seems  to  verify  what  Mr.  Moore 
found. 

It  is  worse  than  folly  to  attempt  to  state  with  any  precision  what 
amount  of  workable  ore  can  be  found  at  any  single  locality,  but  we 
can  safely  sum  up  the  general  situation.  This  deposit  of  ore  is  a  strati- 
fied bed  or  seam  ;  it  extends,  with  variations  as  to  quantity,  but  of 
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a  fairly  uniform  quality,  the  length  of  the  State.  'It  is  in  reasonable 
proximity  to  railroads  built  and  building,  and,  with  proper  meth- 
ods, it  can  be  profitably  worked.  Whether  or  not,  under  water- 
level,  it  loses  its  commercial  value,  there  is,  in  the  aggregate,  a  large 
amount  to  be  had  above  water-level.  The  soft  ore  will  be  of  great 
value  for  admixture  with  the  siliceous  brown  ores,  especially  in 
view  of  the  fact  that,  as  a  rule,  it  carries  less  manganese  and  phos- 
phorus; and  it  is  likely  to  prove  a  factor  of  no  mean  importance  in 
the  future  iron  operations  of  the  State. 

Under  No.  V.  comes  the  Medina  sandstone — No.  IV.,  of  Rogers. 
In  these  measures  are  to  be  found 'large  veins  of  what  enthusiastic 
land-owners  want  to  be  iron-ore;  but  it  is  simply  a  ferriferous  sand- 
stone, carrying  from  18  per  cent,  to  30  per  cent,  of  iron,  and  from 
30  per  cent,  to  55  per  cent,  of  silica,  and,  of  course,  worthless  for 
furnace-use. 

No.  III.  of  Rogers  requires  especial  mention,  as  it  carries  valu- 
able brown  ores  over  considerable  areas.  These,  in  former  days, 
served  to  supply  a  number  of  small  charcoal-furnaces  scattered^ 
through  the  mountain  valleys,  but  are  not  worked  at  present. 
They  can  be  made  readily  available  on  Purgatory  Mountain,  near 
Buchanan,  Botetourt  county,  Va.,  and  the  projected  Western  Vir- 
ginia Railroad,  from  Buchanan  to  the  Kentucky  line  via  Catawba 
Creek  and  Moccasin  Gap,  will  open  up  many  miles  of  these  ores. 
Recent  investigations  seem  to  point  to  large  deposits  lying  in  a 
fairly  regular  condition  and  susceptible  of  easy  and  cheap  mining. 
A  series  of  samples  taken  by  E.  D.  Frazier,  a  careful  and  conserva- 
tive prospector,  and  analyzed  by  P.  G.  Salom,  of  Philadelphia,  gave 
as  follows : 

Per  cent. 

Metallic  iron, 43.61 

Alumina, 3.88 

Silica, 18.75 

Sulpluir, 0.04 

Phosphorus,       .        .         .         .        .         .        .         .         .         .       0.48 

The  manganese,  unfortunately,  was  not  determined,  but  it  is  safe 
to  assume  that  it  will  follow  the  usual  run  of  mountain  brown  ores 
of  from  0.6  to  1^  per  cent. 

We  are  now  brought  to  the  consideration  of  what  we  may  fairly 
assume  to  be  the  great  ore-bearing  measures  of  Virginia — I.  and  II. 
of  Rogers. 

No.  I. — The  Valley  of  Virginia  is  a  part  of  the  great  valley  ex- 
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tending  from  Canada  to  Alabama,  and  noted  for  its  rich,  fertile  lime- 
stone lands,  its  great  iron-ore  beds,  its  pure  waters,  its  bracing, 
health-giving  climate,  and  its  varied  and  picturesque  scenery.  It  is 
called  in  New  York  the  Walkill  Valley;  in  eastern  Pennsylvania, 
the  Kittatinny ;  in  middle  Pennsylvania,  the  Lebanon  or  Cumber- 
land ;  in  A'^irgiuia,  the  Shenandoah,  James  River,  Roanoke,  and 
New  River;  and  further  south,  the  East  Tennessee  Valley.  It  ex- 
tends throughout  the  whole  of  Virginia,  about  330  miles  in  length 
and  from  12  to  30  miles  in  width.  It  is  bounded  on  the  southeast 
by  the  Blue  Ridge  Mountains,  and  on  the  northwest  by  broken 
ridges,  locally  known  as  Walker's,  North,  and  Little  North  Moun- 
tains. The  Shenandoah  A^alley  and  the  Norfolk  and  Western  Rail- 
roads run  through  its  entire  length,  for  many  miles  along  the  base 
of  the  Blue  Ridge,  which  holds  the  Potsdam  sandstones  throughout, 
and  on  the  top  of  which  are  the  ferriferous  shales,  carrying  the  great 
brown  ore-deposits  of  the  country.  These  ores  vary  widely  in 
quantity,  quality,  and  condition,  but  in  the  aggregate  seem  to 
promise  indefinite  quantities.  It  is  impossil)le,  within  the  limits 
of  this  paper,  to  cover  the  innumerable  matters  of  interest  connected 
with  this  great  field.  Only  a  generalization  can  be  attempted.  The 
occurrence  of  the  ore  is  thus  described  by  Prof  W.  M.  Fontaine,  of 
the  University  of  Virginia:  "  We  cannot,  in  strictness,  call  any  of 
the  deposits  of  the  ferriferous  shales  veins  or  ledges,  although  ore 
may  be,  and  usually  is,  found  along  certain  definite  bands.  The  de- 
posits are  lenticular  masses  or  interrupted  sheets  of  ore,  that  occur 
sometimes  alone,  or  sometimes  overlapping,  in  echelon,  or  more 
rarely  radiating  from  a  central  point.  Lines  connecting  the  several 
masses  in  the  direction  of  their  greatest  dimensions  would  fall  within 
certain  bands,  and  one  mass  may  lie  on  the  same  line  with  another, 
so  as  to  produce  the  appearance  of  one  ledge  or  vein.  The  sheets 
and  masses  will,  however,  be  found  to  be  entirely  enclosed  in  clay, 
and  they  are  all  formed  by  the  concentrating  action  of  concretionary 
forces  that  have  collected  this  once  diffused  iron  into  masses  that 
have  more  or  less  distinctly  a  concretionary  structure,  or  that  form 
beds  of  nodular  ore,  or  crusts  lying  in  an  enclosing  clay." 

Beyond  generalization,  any  theorizing  on  any  special  piece  of 
ground  is  wasted  time.  The  only  sure  guide  is  good,  hard,  common 
sense,  familiarity  with  existing  workings,  ei'her  by  practice  or  close 
observation,  combined  with  the  pick  and  shovel.  Of  course,  it  is 
assumed  that  there  is  a  proper  knowledge  of  the  measures  carrying 
the  ore,  their  salient  points,  and  what  constitutes  the  walls  of  the  de- 
voL.  XIX, — 65 
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posit ;  but  how  the  ore  lies,  or  how  it  is  to  be  most  advantageously 
worked,  must  be  decided  as  the  work  progresses.  Horses  of  clay — 
sometimes  of  inches,  at  other  times  of  many  feet — are  constantly 
encountered.  The  ore  at  any  time  may  pinch  to  a  trifling  lead,  and 
then  open  into  the  lenticular  masses,  of  varying  and  sometimes  of 
enormous  size. 

While  the  general  direction  of  the  ore  is  northeast  and  southwest, 
at  places  there  are  very  great  deflections,  especially  at  the  end  of 
ridges  and  the  foot  of  hills,  where  the  ore  may  take  a  new  direction, 
almost  at  right  angles  to  the  true  lead. 

Necessarily,  under  the  old  charcoal-practice,  the  quantity  of  ore 
required  was  very  small,  and  no  mining,  in  the  proper  sense  of  the 
word,  was  done.  Where  the  ore  outcropped  and  looked  well,  shallow 
pits  would  be  opened  on  it,  and  as  soon  as  one  opening  reached  10 
or  20  feet  in  depth  it  would  be,  as  a  rule,  abandoned,  and  another 
surface-point  attacked.  With  the  advent  of  the  large  coke-furnaces 
a  different  course  was  required.  What  may  be  reasonably  looked 
for  from  these  deposits  can  be  best  illustrated  by  an  active  mine, 
some  five  miles  from  Roanoke,  owned  and  operated  by  the  Crozer 
Iron  Company.  It  lies  well  up  on  the  mountain,  some  400  feet 
above  the  water-drainage  of  the  locality.  The  ground  was  opened 
in  1882  and  1883,  and  has  been  worked  continuously  ever  since,  and, 
until  very  recently,  as  an  open  cut  over  a  large  area.  In  some  places 
the  ore-ground  runs  to  the  surface,  in  others  there  is  a  clay  covering 
of  from  2  to  20  feet.  This  piece  of  ground  becomes  to  the  careful 
observer  a  complete  and  exhaustive  object  lesson.  There  is  to-day, 
ahead  of  a  long  and  wide  open  cut,  a  face  of  at  least  60  feet  of  wash- 
ore  ground,  interspersed  with  boulders  of  solid  ore  of  varying  sizes, 
that  will  yield  throughout  1  ton  of  washed  ore  to  3  tons  of  dirt 
handled.  On  the  floor  of  this  cut  a  shaft  was  sunk  for  60  feet 
through  solid  wash-ground.  A  tunnel  to  strike  this  depth  was 
driven  for  1500  feet.  The  ore-ground  was  struck  at  400  feet,  and 
the  tunnel  was  driven  for  1100  feet  through,  leaving  off"  in  ore-ground 
that  gives  75  j)er  cent,  of  ore  in  the  dirt  handled.  On  the  floor  a 
well  was  sunk  for  30  feet  through  the  same  character  of  ground. 
The  depth  to  which  the  ore  may  run  is  unknown,  but  over  a  large 
area  the  ore  has  been  proved  to  be  150  feet  deep,  with  no  signs  what- 
ever of  exhaustion. 

Eminent  geologists  have  for  many  years  claimed  great  de[)th  to 
the  Blue  Ridge  ores,  and  these  developments  seera  to  warrant  the 
correctness  of  their  diasnosis.     It  must  not  be  inferred  that  this  con- 
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dition  of  things  exists  everywhere  along  the  belt  ;  on  the  contrary, 
it  is  well  known  that  there  are  many  points  where  the  ore  is  cnt  or 
squeezed  ont  entirely,  or  is  too  limited  in  extent  to  be  profitably 
worked,  or  the  ore  is  too  siliceous  and  lean  for  any  present  attention, 
and  some  of  these  conditions  may  exist  with  very  fair  surface  indi- 
cations;  but  from  what  is  actually  known,  and  with  the  knowledge 
that  the  same  deposits  of  ore,  on  their  northeastern  continuation, 
sustained  for  many  years  the  great  iron  industries  of  Lehigh  and 
Berks  counties,  Pa.,  and  largely  helped  to  make  that  region  popu- 
lous and  })rosperous,  it  is  safe  to  infer  that  for  many  years  to 
come  Virginia  possesses,  from  this  source  alone,  excellent  and  ample 
supplies  to  build  up  and  sustain  an  iron  industry  to  which  all  she 
has  done,  and  is  now  doing,  will  be  as  child's  play.  Many  hun- 
dreds of  analyses  of  these  Potsdam  ores  have  been  made,  covering 
every  section  of  the  ground  between  Maryland  and  Tennessee,  but 
of  which  only  a  summary  of  the  extremes  can  be  given  : 

Metallic  iron  from  08  per  cent,  in  wash  to  57  per  cent,  in  picked 
lump. 

Silica  from  22  per  cent,  in  wash  to  3  per  cent,  in  picked  lump. 

Manganese,  from  0.10  per  cent,  up  to  proportions  constituting 
manganese-  rather  than  iron-ores. 

Phosphorus,  from  0.10  per  cent,  to  3.5  per  cent. 

Alumina,  from  0.5  per  cent,  to  3  per  cent. 

Lime,  under  0.75  per  cent. 

Magnesia,  under  0.50  per  cent. 

Sulphur,  as  an  almost  invariable  rule,  in  the  hundredths  of  1  per 
cent.,  or  inappreciable. 

Statements  kindly  furnished  from  two  furnaces  in  the  district 
which  have  largely  used  these  ores  for  a  long  period,  show  the 
average  yield  of  the  prepared  ores  to  have  been  from  44  to  46  per 
cent,  of  iron.  In  the  main,  the  various  deposits  lie  in  such  close 
proximity  to  the  railroads  as  to  be  readily  reached  by  short  branches 
of  1  to  6  miles  in  leno;th. 

No.  II. — Along  the  Cripple  Creek  Extension  of  the  Norfolk  and 
Western  Railroad,  running  through  Pulaski  and  Wythe  counties, 
and  extending  southwesterly  well  toward  the  North  Carolina  line,  is 
another  large  ore-field  deserving  particular  notice.  It  is  generally 
known  as  the  Cripple  Creek  region,  and  contains  a  brown  ore  that 
has  been  famous  in  the  past  for  its  particular  excellence  in  charcoal- 
iron.s.  It  is  unquestionably  the  highest  grade  of  brown  ore  known 
in  Virginia.     It  lies  on  the  Lower  Silurian  limestones,  No.  II.,  in 
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varying  quantities,  according  to  the  folds  of  the  limestone,  but 
always  of  excellent  quality.  It  is  practically  all  worked  in  open 
cuts.  The  ore  generally  lies  in  a  loamy,  friable  clay,  but  at  times 
horses  of  a  heavy,  unctuous  clay  (locally  called  "buckfat")  intrude. 
In  some  cases  the  deposits  of  ore-ground  are  shallow  and  in  others 
deep.  The  richness  of  the  ground  varies  greatly, — at  times  4 
yards  of  dirt  yielding  1  yard  of  ore;  at  other  times,  12  to  1.  The 
average  of  the  district  is  stated  as  about  8  to  1.  It  is  dug  and 
handled  with  extraordinary  ease  and  cheapness  where  the  ground  is 
properly  opened  up  and  good  washing-facilities  are  afforded.  It 
shows,  by  innumerable  a^jalyses  and  by  continued  furnace-workings, 
a  yield  of  over  48  per  cent,  of  metallic  iron,  at  times  running  up  to 
60  and  52  per  cent.,  and  for  a  brown  hematite  extraordinarily  low 
])hosphorus  and  manganese.  The  following  analysis  by  A.  S. 
McCreath  is  fairly  characteristic  of  the  ore  : 

Per  cent. 

Sesquioxide  of  iron, 76.214 

Sesquioxide  of  manganese, 0.055 

Oxides  of  nickel  and  cobalt, 0.040 

Alumina, 2.360 

Lime, 0.820 

Magnesia, 0.480 

Sulphuric  acid, 0.157 

Phosphoric  acid, 0.171 

Water, 12.072 

Siliceous  matter, 7.480 

Total, 99.849 

Metallic  iron, ' 53.350 

Manganese, 0.036 

Sulphur, 0.063 

Phosphorus, 0.075 

It  can  readily  be  seen  that  this  ore  plays  a  very  important  part  as 
an  admixture  with  the  Potsdam  ores,  with  their  higher  phosphorus 
and  manganese.  How  long  these  deposits  can  stand  a  persistent, 
heavy  drain  upon  them  it  is  impo&sible  to  say  definitely,  but  that  they 
are  available  for  many  years  to  come  is  unquestioned. 

In  leaving  the  brown  ores  of  Nos.  I.  and  II.,  it  seems  not  amiss 
to  call  attention  to  the  important  part  they  may  play  in  the  near 
future  in  the  manufacture  of  basic,  and  especially  of  open-hearth 
basic,  steel.  Low  silicon  is  tlie  rule  in  all  the  irons  produced  in  the 
district,  and  a  great  difficulty  in  the  i)ast  ha.s  been  to  get  high  silicon 
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in  foundry-irons.  The  writer  has  personally  known  of  a  lot  of  forge- 
irons,  taken  at  random  out  of  stock  in  the  furnace-yards,  and  a  score 
of  analyses  made  by  thoroughly  competent  chemists,  where  the 
silicon  ran  from  a  minimum  of  0.30  per  cent,  to  a  maximum  of  0.70 
per  cent.,  and  an  average  of  less  than  0.50  per  cent.  Bv  watching 
the  ores  as  delivered,  and  properly  charging  the  furnace,  any  desirable 
percentage  of  phosphorus  and  manganese  whatever  can  be  absolutely 
secured.  Virginia  can  be  considered  as  one  of  the  few  natural  homes 
of  basic  steel. 

Incidentally,  ore-washing  has  been  spoken  of  above.  With  the 
exception  of  the  lump,  which  will  not  exceed  if  it  attains  one-quarter 
of  the  outjnit  of  the  mines,  the  brown  ores  of  the  whole  district, 
whether  No.  I.,  II.,  III.  or  VII.,  have  to  be  washed  to  free  them 
from  the  enclosing  clays.  One  well-constructed  double  log-washer 
will  give  an  output  of  from  80  to  100  tons  of  ore  per  working-day, 
according  to  the  nature  of  the  ground,  and  a  picking-belt  attached 
thereto  enables  the  washed  ore  to  be  freed  from  lump  and  pebbles  of 
free  silica.  As  a  rule,  jigs  are  not  used,  as  generally  they  are  not 
needed.  Average  ground  requires  the  use  of  from  250  to  300  gal- 
lons of" water  a  minute  per  washer.  In  many  locations  mountain 
streams  and  springs  afford  a  supply,  but  there  are  many  points  where 
large  mining  operations  can  only  be  carried  on  by  the  establishment 
of  pumping-stations,  and  bringing  the  water  a  greater  or  lesser  dis- 
tance. There  is  one  item  of  expense  inseparably  connected  with 
every  mining  operation,  viz.,  the  connecting  of  mines  with  the  main 
lines  of  railroad.  In  tiie  portion  of  Virginia  under  consideration, 
the  railroad  officials  have  exhibited  a  l)road,  liberal  policy  in  this 
respect  that  has  largely  lightened  the  labors  of  the  producers,  to  the 
advantage  of  both. 

Before  considering  the  last  and  oldest  of  the  ore-bearing  rocks  of 
Virginia  (Archaean),  a  single  word  may  he  said  in  relation  to  a  so- 
called  "ore,"  lying  to  the  eastward  and  under  the  Potsdam  sand- 
stones. It  has  been  heralded  far  and  wide  as  a  Bessemer  specular 
ore  in  unlimited  quantities,  and  as  of  inestimable  value.  It  is  neither. 
It  is  simply  a  ferruginous  sandstone,  which  can  be  traced  along  the 
Blue  Ridge  from  one  end  to  the  other.  It  lies  in  stratified  seams 
of  from  2  to  6  feet  in  width.  Ordinarily,  it  carries  under  30  per 
cent,  of  iron,  and  anywhere  from  30  per  cent,  to  60  per  cent,  of 
silica.  At  one  or  two  points  there  is  a  local  improvement,  which 
brings  the  iron  up  to  40  per  cent,  and  the  silica  proportionately  down. 
In  such  cases  it  is  used  in  very  small  quantities  to  mix  with  the  rank. 
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cold-short  brown  ores  to  dilute  the  phosphorus  and  manganese,  from 
which  it  is  almost  free. 

In  the  older  rocks  are  found  two  classes  of  ore,  the  magnetic  and 
specular,  and  the  gossan.  While  the  quality  of  the  former  is  high, 
it  has  never  i)een  worked  on  a  large  scale,  owing  to  the  fact  that  no 
large  veins  have  as  yet  been  developed.  j\I;ijor  E.  S.  Hutter  has 
been  working  some  mines  on  the  Franklin  branch  of  the  Virginia 
Midland  Railway,  in  Pennsylvania  county,  for  several  years.  He  is 
authority  for  the  statement  that  they  can  be  traced  for  many  miles, 
dip  nearly  vertically,  and  average  from  2  to  5  feet  in  thickness. 
Carrying  from  56  per  cent,  to  62  per  cent,  of  iron',  and  often- 
times within  Bessemer  limits,  these  ores  are  valuable  for  admixture 
with  the  brown  ores,  and  naturally  improve  the  character  of  the 
iron. 

In  the  same  rocks,  in  Amherst  county,  below  Lynchburg,  Va  , 
considerable  money  and  labor  were  expended  in  developing  the  mag- 
netics and  speculars,  but  without  any  commercial  results. 

In  another  portion  of  the  field,  coming  under  the  writer's  direct 
attention,  a  vein  of  fair  magnetic  ore,  of  about  50  per  cent,  iron,  and 
7  to  8  feet  wide  at  the  surface,  was  entirely  pinched  out  at  a  depth 
of  75  feet.  Moreover,  the  ore  carried  from  3  to  5.5  per  cent,  of 
sulphur.  It  is  very  possible  that  future  research  may  show  better 
conditions,  but  at  the  present  time,  with  its  very  moderate  develop- 
ment, it  can  scarcely  be  considered  an  important  factor  in  Virginia 
iron-raaking. 

There  has  been  purposely  left  to  the  last  a  source  of  supply  which 
is  unique,  and  destined,  in  the  writer's  judgment,  to  have  a  wide- 
spread influence  upon  the  iron  business  of  southwestern  Virginia, — 
the  gossan  ore-fields  of  Carroll  county.  For  many  years  in  the 
"long  ago"  this  ore  was  worked  in  a  small  charcoal-furnace  in 
Floyd  county,  which  adjoins  Carroll,  the  iron  requiring  many  miles 
of  transportation  over  wretched  country  roads  to  reach  a  market. 
The  output  of  the  furnace  was  put  mostly  into  castings  for  lot-al  use, 
and  acquired  wide  notoriety  by  reason  of  the  strength,  toughness 
and  durability  of  the  castings.  Car-wheels  made  from  this  iron 
proved  of  extraordinary  lasting  power  and  tenacity,  the  latter  un- 
douVjtedly  owing  to  the  copper  contained  in  the  iron.  Practically, 
however,  .the  iron-ore  was  of  no  value,  the  properties  being  worked 
for  the  coj)per  underlying  the  gossan.  In  consequence,  there  is  a 
.splendid  and  unusual  opening  up  of  the  ground,  by  many  hundred 
feet  of  tunnels  and  shafts,  at  different  points.     The  lode  dips  at  an 
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angle  varying  from  40°  to  70°,  and  also  varies  very  greatly  in  width. 
There  are  at  jilaces  surface  widths  of  300  to  500  feet.  A  conserva- 
tive estimate  would  make  an  average  width  of  say  50  feet  through- 
out the  whole  lead,  and  an  average  depth  of  say  80  to  40  feet.  In 
many  places  the  ore  comes  directly  to  the  surface,  and  generally  has 
only  from  2  to  5  feet  of  stripping.  The  lead  is  cut  at  frequent  in- 
tervals by  ravines,  making  the  working  of  the  ores  almost  child's 
play.  There  is  no  mining  Avhatever.  It  will  be  an  open  cut  or 
quarry,  in  which  the  ore  is  broken  down  and  delivered  to  the  cars. 
It  is  probable  that  a  certain  percentage  of  fine  ores,  lying  near  the 
surface  and  next  to  the  walls,  and  somewhat  mixed  with  the  mica 
slates,  may  require  washing,  but  the  bulk  of  the  ore  quarried  can  be 
loaded  directly  into  the  cars.  The  following  is  the  average  of  a  large 
number  of  analyses  sampled  by  experienced  furnace-men  and  deter- 
mined by  competent  chemists.  It  is  proper  to  say  that  the  samples 
were  taken  over  a  large  area,  from  near  the  outcrop  in  the  tunnels 
and  shafts,  and  fairly  represent  the  character  of  the  ores : 

Per  cent. 

Metallic  iron, 50.275 

Silica 8.335 

Phc.sphonis, 0.075 

Alumina, from  2.5  to  4.00 

Sulphur, 0.486 

Manganese,      . 0.224 

Lime from  0.20  to  0.400 

Magnesia, 0.789 

Copper, 0.442 

Lead, 0.407 

It  is  safe  to  assume  that,  with  proper  care,  the  ore  can  be  had  on 
a  commercial  scale  to  average  45  per  cent,  of  iron. 

One  important  statement  remains  to  be  made.  It  must  be  borne 
in  mind  that  under  the  gossan  occur  the  oxides  of  copper,  red  and 
black,  with  the  carbonate  in  seams  in  the  adjacent  gossan.  Below 
this  follows  the  lode  holding  the  gray  and  black  sulphurets ;  beneath 
these  the  mundic  rock  to  an  unknown  depth. 

A  diamond  drill-hole  has,  within  the  hist  few  months,  been  drilled 
to  the  depth  of  1 10  feet  through,  and  leaving  off  in  the  mundic  rock, 
which  is  a  sulphuret  of  iron  and  copper.  Two  tests  were  made  by 
roasting  this  mundic  rock,  simply  for  iron  and  sulphur.  A  pile  of 
the  mundic  from  near  the  surface  was  roasted  with  wood,  and  a  piece 
of  the  drill  core,  at  a  depth  of  110  feet,  was  heated  in  the  labora- 
tory, with  the  following  results  : 
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Surface  mundic  After 

before  roasting.  roasting. 

Per  cent.  Per  cent. 

Iron, 54.26  63.96 

Sulphur, 33.97  0.623 

Drill-hole  mundic  After 

before  roasting.  roasting. 

Per  cent.  Per  cent; 

Iron, 63.13  59.91 

Sulphur,  .        .         • 33.22  0.527 

Assuming  that  modern  experience  and  appliances  can  successfully 
handle  this  material  on  a  commercial  basis,  so  as  to  expel  the  sul- 
phur, leaving  the  iron,  the  quantity  to  be  obtained  for  this  purpose 
is  simply  incalculable.  Another  "  Blue  Billy  "  factory  can  be  started 
in  this  country.  It  is  hard  to  conceive  the  effect  upon  the  iron  in- 
dustries of  Virginia  in  consequence  of  the  opening  up  of  these  ores. 
As  the  writer  has  had  occasion  to  remark  elsewhere,  it  is  possible,  by 
varying  the  mixtures  in  the  furnaces,  to  produce  every  grade  of  iron. 
As  far  as  known,  this  is  the  first  red-short  ore  that  has,  to  this  date, 
been  made  available  in  the  South.  It  can  be  used  by  itself,  or  mixed 
with  the  brown  ores  of  the  district,  in  close  proximity,  to  produce  a 
rank  or  mild  red-short,  neutral  or  slightly  cold-short  iron,  while  cer- 
tain of  the  brown  ores  will  give  a  rank  cold-short  iron.  For  castings, 
especially  small  ones  for  shelf-hardware,  etc.,  a  low-priced  iron  can 
be  made  as  fluid  as  water,  and  of  very  great  strength.  Its  great 
point  of  value  i.s,  that  by  admixture  it  will  permit  the  use  of  hun- 
dreds of  thousands  of  tons  of  the  mountain  brown  ores,  capable  of 
being  cheaply  mined  and  handled,  that  now,  owing  to  their  large 
jjercentages  of  phosphorus  and  manganese,  are  useless  for  present 
purposes.  It  is  proper  to  state,  in  this  connection,  that  very  large 
deposits  of  this  gossan  are  reported  in  Tennessee,  on  the  southwestern 
extension  of  the  lode,  but  at  present  unavailable  by  reason  of  dis- 
tance from  any  railroad.  The  gossans  of  Carroll  are  now  reached 
by  rail  from  the  Norfolk  and  Western  Railroad  at  two  points, — at 
the  northeastern  end  by  a  branch  road,  13  miles  long,  from  the 
Cripple  Creek  Extension  at  Big  Reed  Island  Creek,  25  miles  from 
Pulaski,  37  miles  from  Max  Meadows,  117  miles  from  Bristol,  52 
miles  from  Radford,  89  miles  Irom  Salem,  96  miles  from  Roanoke, 
and  149  miles  from  Lynchburg.  The  lower  or  southwestern  end  of 
the  lode  is  now  reached  by  the  Norfolk  and  Western  Extension  of 
the  Cripple  Creek  Railroad,  to  meet  the  Cape  Fear  and  Yadkin 
Valley  Railroad,  at  the  North  Carolina  line.  This  brings  this  part 
of  the  lead  within   17  miles  of  Ivanhoe,  49   miles  of  Pulaski,  64 
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miles  of  Radford,  108  miles  of  Roanoke.  It  follows  that  this  ore 
is  commercially  available  at  every  furnace  either  now  blowing,  or 
building,  or  i)roiectcd  on  the  line  of  the  Norfolk  and  Western  and 
Shenandoah  Valley  railroads. 

High-grade  limestones  and  dolomites  are  to  be  had  everywhere 
through  the  great  Valley  of  Virginia,  and  it  is  not  necessary  to 
encumber  this  paper  with  detailed  descriptions  or  analyses. 

In  considering  the  possibilities  of  Virginia  as  an  iron-pnxlucino- 
district,  it  would  be  manifestly  imj>roper  not  to  call  attention  to  the 
fuels  available,  as  no  matter  how  large  the  quantity,  or  how  cheaply 
obtained  the  ores  might  be,  they  could  not  be  utilized  in  the  absence 
of  a  proper  fuel. 

The  merits  of  the  Flat  Top  coals  and  coke  are  now  too  widely 
known  to  warrant  elaboration.  The  excellence  of  the  coking  coals 
of  the  New  River  district,  on  the  Chesapeake  and  Ohio  Railroad, 
has  been  too  well  tested  in  furnace-practice  for  years  past  to  admit 
of  a  doubt.  The  coking  coals  of  the  New  River  (Chesapeake  and 
Ohio  Railroad),  upon  which  the  furnaces  at  present  working  the 
Oriskany  ores  (No.  VII.,  as  above)  depend,  are  elaborately  treated 
by  J.  C.  White,  a  recognized  authority,  in  his  report  to  the  United 
States  Geological  Survey  in  1884.  He  gives  three  seams  of  coal: 
the  Nuttall,  with  its  geological  horizon  on  New  River,  about  400 
feet  below  the  top  of  XII.;  the  Quinnimont  and  Fire  Creek,  from 
300  to  400  feet  below  the  Nuttall.  These  seams  run  from  3  feet  to 
4  feet  in  thickness.  The  coal  literature  of  the  country  has  been 
flooded  for  the  last  ten  to  fifteen  years  with  analyses  of  all  these  coals 
and  coke.  Of  course,  these  vary  according  to  the  samples  taken.  It 
is  believed  that  the  following  are  fairly  representative: 

Coals. 


Quinnimont.       Fire  Creek.  Nuttall. 

Fixed  carbon,        .        .         .         .     75.89  '75.02  70.67 

Volatile  matter,    . 

Ash, 

Sulphur,         .... 


Water, 


18.19  22.34  25.35 

4.68  1.47  2.10 

0.30  0.56  0.57 


0.94  0.61  1.35 


( Transactions  American  Institute  of  Mining  Engineers,  vol.  viii.,  pp.  261  et  seq.) 

Coke. 

Quinnimont.  Fire  Creek.  Nuttall. 

Carbon, 93.11  92.18  92.22 

Ash 5.94  6.08  7.53 

Sulphur, 0.82  0.61  0.92 

-T.  Egleston,  Dr.  Ricketts,  C.  E.  Dwight.) 
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The  percentage  of  ash  in  the  Fire  Creek  and  Nuttall  cokes  is 
entirely  too  high  for  the  ash  shown  in  the  coals,  but  the  chances  are 
that  the  coal  samples  were  picked,  while  the  coke  shows  the  run  of 
the  mines. 

The  Flat  Top  seam,  with  its  magnificent  thickness  of  6  to  11  feet, 
must  necessarily  be  the  source  of  supply  to  all  of  the  furnaces  located 
on  or  near  Ihe  line  of  the  Norfolk  and  Western  road,  and  it  is  in 
this  section  that  the  large  present  and  near  future  development  is 
taking  and  must  take  place. 

A.  S.  McCreath  and  E.  V.  d'Invilliers,  for  many  years  connected 
with  the  Second  Geological  Survey  of  Pennsylvania,  in  a  recent 
report  on  the  New  River  and  Cripple  Creek  mineral  region,  give 
valuable  addenda  on  the  limestones  and  coals  and  coke,  and  from 
these  the  following  are  taken.  (See  also  their  paper.  Trans,  xv.,  752.) 

Flat  Top  coals,  averaging  fifteen  samples: 

Per  cent. 

Water, 1.011 

Volatile, 18.812 

Fixed  carbon, 74.256 

Sulphur, 0.730 

Ash, 5.191 

From  three  large  works  at  Pocahontas,  in  active  operation,  they 
selected  samples  of  coke,  which  gave  as  follows: 

No.  1.  No.  2.  No.  3. 

Water,     .         .        .        .         .        .       0.182  0.196              0.664 

Volatile, 0.719  0.494              1.059 

Fixed  carbon,          ....     92.248  92.585  92.816 

Sulphur, 0.565  0.677              0.548 

Ash, 6.286  6.048              4.913 

Totals, 100.000  100.000  100.000 

As  one  of  the  possibilities  of  successfully  making  iron  in  Vir- 
ginia, it  does  not  seem  unfair  to  make  the  following  comparison,  as 


Water. 

Volatile. 

Fixed 
Carbon. 

Sulphur. 

Ash. 

1.  Pocahontas  coke.—  Average 

0.347 
0.157 
0.447 
O.OfiO 

0.757 
0.803 
1.101 
0.427 

92.550 
87.299 
80.513 
88.962 

0.597 
1.195 
1.595 
0.810 

5.749 
10.545 
16.314 

9.741 

2.  Birmingham,  Ala.— Average 

3.  Chattanooga,  Tcnn.— Avcr- 

4.  Connellsville,  Pa.— Average 
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quoted  by  Messrs.  McCreatli  and  d'Jnvilliers,  especially  as  tlie 
analyses  of  the  cokes  of  other  districts  have  been  for  a  long  time 
public  property. 

The  growth  of  the  product  of  Flat  Top  coals  from  nothing  in  the 
census  year  of  1880  to  nearly  2,000,000  tons  in  1890,  and  of  coke 
from  nothing  to  many  hundreds  of  thousands  of  tons,  with  an  in- 
creasing demand  which  present  facilities  cannot  possibly  meet,  tells 
the  story  of  the  useful  quality  of  these  materials. 

The  following  table  of  distances  to  furnaces  now  in  operation, 
building  or  projected,  may  prove  interesting: 

From  Pocahontas  to  Graham,  10  miles;  to  Radtbrd,  75  miles; 
to  Pulaski,  90  miles;  to  Max  Meadows,  103  miles;  to  Bristol,  182 
miles;  to  Ivanhoe,  122  miles;  to  Salem,  112  miles;  to  Roanoke, 
119  miles;  to  Lynchburg,  172  miles;  to  Glasgow,  1()3  miles;  to 
Buena  Vista,  173  miles;  to  Basic  City,  215  miles;  and  to  Shenan- 
doah, 251  miles. 

The  cokes  from  the  New  River  district  on  the  Chesapeake  and 
Ohio  Railway,  112  miles  to  Lowmoor,  118  miles  to  fjongdale,  121 
miles  to  Wilton,  133  miles  to  Goshen,  IGO  n)iles  to  Glasgow,  175 
miles  to  Buena  Vista,  198  miles  to  Lynchburg,  178  miles  to  Basic 
City,  and  214  miles  to  Shenandoah. 

It  is  not  within  the  province  of  this  paper  to  give  any  figures  of 
cost.  The  reader  must  form  his  own  conclusions,  based  upon  his 
own  experience,  as  to  the  prices  at  which  materials  of  the  quality  as 
given  and  lying  in  proximity  as  described,  can  be  handled  by 
prudent  and  practiced  business  men.  The  visitor,  interested  in 
obtaining  information  on  this  point,  will  find  abundant  sources  to 
furnish  what  he  desires. 

The  writer  claims  the  right  to  say,  with  a  large  personal  knowl- 
edge of  different  mineral  sections  of  the  country,  and  with  no  desire 
to  detract  in  any  way  from  the  merits  of  many  other  districts  in 
this  favored  land  lavishly  blessed  by  nature,  that,  taking  into  con- 
sideration the  variety  and  position  of  the  various  mineral  resources 
of  Virginia,  it  is  the  most  remarkable  and  interesting  mineral  field 
that  has  ever  come  under  his  examination. 

In  closing  this  pai)er,  he  desires  to  express  his  acknowledgments 
for  the  information  obtainetl  from  the  valuable  papers  and  reports 
of  Drs.  W.  H.  Ruffner  and  Egleston  ;  Profs.  Campbell  and  Fon- 
taine; jSIcssrs.  Prime,  Moore,  McCreath  and  d'Invilliers ;  and 
especially  to  the  invaluable  publication  by  Major  Jed  Hotchkiss, 
of  Staunton,  Va.,  of  The  Virginias,  from  1880  to  1885. 
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MASSICKS  &   CBOOKES  AMEEICAN  PATENT  FIRE-BRICK 
HOT-BLAST  STOVES. 

BY   WALTER   CROOKE,  MILLOM,  CUMBERLAND. 

(From  the  Proceedings  of  the  Kew  York  Meeting  of  the  Iron  and  Steel  Institute, 
October,  1890.) 

Regenerative  hot-blast  stoves  are  now  in  general  use  in  all 
parts  of  the  world,  and  are  so  well  understood  and  appreciated,  that 
I  need  not  take  up  your  time  with  an  account  of  their  history  and 
introduction  into  the  United  States.  My  object  in  writing  this 
paper  is  to  give  you  a  short  description  of  a  stove  that  is  now  being 
very  favorably  received  and  adopted  here  (see  drawing).  The  stove 
was  first  introduced  into  this  country  in  1887  by  M'CMure  &  Shuler 
(now  M'Clure  &  Amsler),  who  have  the  management  of  the  patent 
right  in  the  United  States. 

The  English  design  had  to  be  modified  to  suit  the  exigencies  of 
American  blast-furnace  practice,  which,  in  many  respects,  widely 
differs  from  our  English  experience. 

In  the  first  place,  the  fire-bricks  used  in  America  expand  to  an 
extent  unknown  in  England, and  it  became  necessary  to  make  special 
provision  for  this  by  incrfasing  the  number  of  cross-walls,  and  by 
leaving  a  space  at  the  top  of  the  stove  through  which  the  lining 
could  expand.  The  expansion  laterally  was,  however,  more  difficult 
to  provide  for,  as  the  combustion-chamber  in  the  center,  being  the 
hottest  part  of  the  stove,  must  necessarily  expand  more  than  the 
outer  walls,  and  therefore  tend  to  squeeze  up  the  flue-openings. 

On  first  introducing  these  stoves  to  American  ironmasters,  a  feel- 
ing seemed  to  prevail  that  a  "four-pass"  stove  did  not  utilize  the 
whole  of  its  surface.  They  also  had  an  idea  that  the  "two-pass" 
stove  let  the  burning  gas  go  before  all  the  duty  had  been  extracted 
from  it ;  so  that  it  was  found  necessary  to  design  a  stove  of  a  special 
character  to  suit  their  wishes.  Hence  the  "three-pass"  chimney- 
top  stove  now  before  your  notice,  the  advantage  claimed  for  which 
is  that  each  stove  is  independent,  requiring  no  underground  chimney- 
flue  or  stack,  and  can  be  erected  at  a  very  light  cost.  Tiie  working 
of  these  stoves  has  proved  to  be  very  successful  wherever  they  have 
been  introduced. 
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The  first  stoves  built  in  this  country  were  put  up  for  Messrs. 
Shoenberger,  Speer  &  Co.,  Pittsburgh,  Pa.  Tliey  were  three  in 
number,  16  feet  6  inches  in  diameter  and  57  feet  high  to  the  eaves; 
the  furnace  was  14  feet  bosh  and  62  feet  higli,  at  that  time  making 
450  to  500  tons  per  week  with  pipe-stoves.  The  difference  found 
on  blowing-in  the  improved  })lant  was  at  once  ap{)arent ;  the  output 
rose  to  800  tons  per  week,  and  the  fuel-consumption  diminished  to 
1900  and  2000  pounds  per  ton  of  iron,  instead  of  from  2700  to  3000 
pounds.  These  stoves  have  been  continuously  in  blast  for  a  period 
of  nearly  three  years,  and,  beyond  a  few  hours'  stoppage  for  clean- 
ing, have  not  cost  a  cent  for  repairs. 

Since  that  time  the  Massicks  &  Crooke's  stoves,  with  three  passes, 
have  been  used  in  every  iron-making  section  of  the  country,  and 
have  well  proved  their  efficiency. 

The  method  of  cleaning  employed  in  the  English  stove  has  sub- 
stantially been  retained,  but  various  improvements  have  been  in- 
troduced which  add  greatly  to  efiectiveness  and  speed  of  cleaning. 
The  second  pass  (that  nearest  the  combustion-chamber)  is  cleaned 
with  a  scraper,  which  has  been  specially  designed  to  accommodate 
itself  to  any  little  irregularities  in  the  flue-walls.  For  the  third  or 
outside  pass  an  automatic  cleaning-door  was  devised,  which  is  fitted 
on  to  each  bottom  cleaning-door  in  turn.  The  stove  is  then  filled 
with  air  at  blast-pressure,  and  the  catch  on  the  door  is  knocked  off, 
when  the  imprisoned  air  rushes  through  the  flues  towards  the  door, 
carrying  with  it  any  loose  dust  that  there  may  be  in  them.  For  dis- 
lodging such  dust  as  may  adhere  to  the  walls  a  wire  brush  is  used, 
operating  in  the  same  manner  as  the  scraper  in  the  second  pass. 

Among  minor  details,  the  slide  gas-valve  has  been  abandoned, 
and  a  positive  cut-off  valve,  universally  used  in  this  country,  has 
been  substituted.  The  Massicks  &  Crooke's  hot-blast  valve  has 
been  retained,  and  has  given  great  satisfaction  in  respect  of  its  sim- 
plicity and  durability. 

The  duty  required  of  hot-blast  stoves  in  America  is  much  heavier 
than  in  England,  an  ordinary-sized  furnace,  say  18  feet  bosh  and  75 
feet  high,  being  blown  at  a  rate  of  20,000  cubic  feet  of  air  per 
minute  at  a  temperature  of  1500°  Fahr.  This  of  course  makes  it 
necessary  to  heat  the  stove  up  to  a  very  high  temperature,  and  so 
much  greater  is  the  duty  required  than  formerly,  that  devices  which 
had  previously  given  the  greatest  satisfaction  have  failed  to  meet  the 
present  requirements. 

The  stoves  at  the  Tod  furnace  owned  by  the  Brier  Hill  Iron 
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Section  of  Elevation  of  Massicks  &.  Crooke'S  *""""'"'"= 
Patent  3-Pass  Firebrick  Stove, is' o"  Diam.,  so'o'High. 
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and  Coal  Company,  Youngstown,  Ohio,  16  feet  6  inches  diameter, 
and  57  feet  to  the  eaves,  have  been  doing  excellent  work.  The 
furnace  is  15  feet  6  inches  bosh,  by  70  feet  high,  and  has  been 
making  185  gross  tons  per  day  on  a  very  low  consumption  of  coke, 
viz.,  1700  to  1800  pounds  per  gross  ton  of  iron  ;  the  amount  of  air 
passing  through  the  stoves  being  17,000  cubic  feet  per  minute,  at  a 
temperature  of  1300  to  1500°  Fahr.,  with  a  loss  of  from  100  to  120 
degrees  in  one  hour's  blow. 

You  can  very  readily  see  from  the  above  that  it  was  necessary  to 
increase  the  volume  of  brickwork,  and  also  to  adopt  a  more  thorough 
system  of  binding  and  bracing  the  circular  walls  than  hitherto,  so 
as  to  avoid  all  possibility  of  the  walls  moving  out  of  their  position, 
and  in  order  to  allow  them  to  expand  and  contract  at  will  without 
shearing  oflF  the  bricks. 

In  order  to  give  an  idea  of  the  approximate  cost  of  a  set  of  three 
stoves  of  various  sizes  that  M'Clure  &  Amsler  have  been  building, 
it  may  be  interesting  here  to  notice  the  quantity  of  material  required 
and  the  average  cost  of  the  same,  viz. : 

Three  stoves,  16  feet  6  inches  by  60  feet. 

Pounds. 

Wrought-iron, 175,000 

Casting.^, 41,000 

Bricks,  first  qnality, 186,000 

Bricks,  third  quality 203,000 

Average  cost,  $17,521,  or  £3650,  4s.  2d* 

Three  stoves,  18  feet  by  60  feet. 

Pounds. 

Wrought-iron, 188,500 

Castings, 42,000 

Bricks,  first  quality, 235,000 

Bricks,  third  quality, 224,000 

Average  cost,  $19,934,  or  £4152,  18s.  id. 

Tliree  stoves,  19  feet  6  inches  by  65  feet. 

Pounds. 

Wrought-iron 220,000 

Castings, 46,000 

Bricks,  first  quality, 256,000 

Bricks,  third  quality, 342,000 

Average  cost,  $23,839,  or  £4966,  9s.  2d. 


*  These  figures  are  here  reprinted  without  change  from  the  paper  as  presented 
to  the  Iron  and  Steel  Institute.  Tlie  author  has  evidently  assumed,  for  convenient 
calculation,  the  value  of  §4.80  for  the  pound  sterling. — R.  W.  R. 
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Three  stoves,  21  feet  by  70  feet. 

Pounds. 

Wronght-iron, 282,000 

Castings, 53,000 

Bricks,  first  quality, 373,000 

Bricks,  third  quality, 400,000 

Average  cost,  $30,872,  or  £6431,  13s.  id. 

The  following  is  a  list  of  the  stoves  now  in  operation  and  in 
course  of  construction : 


Stoves  in  Operation. 

Shoenberger,  Speer  &  Co.,  Pittsburgh,  Pa., 
Williamson  Iron  Co..  Birmingiiam,  Ala.,   . 
Illinois  Steel  Co.,  Chicago,  111.  (Bayview), 
"  "  "  (N.  Chicago), 

"  "  "  (Joliet),      . 

Thomas  Furnace  Co.,  Niles,  Ohio, 
Brier  Hill  Iron  and   Coal   Co.,  Youngstovvn, 

(Tod  Furnace),        .         .        •         .        . 
Brier  Hill  Iron   and  Coal   Co.,  Youngstown, 

(Grace  Furnace), 

Carrie  Furnace  Co.,  Pittsburgh,  Pa., 
Chicago  Furnace  Co.,  Chicago,  111.,    . 
Beliaire  Nail  Works,  Bellaire,  Ohio, 
Riverside  Iron  Works,  Wheeling,  W.  Va., 
Missouri  Furnace  Co.,  St.  Louis,  Mo., 

Total,     .        .         .         : 


Ohio 


Ohio 


Stoves. 

Ft. 

In.   Ft 

6 

16 

6  bv  57 

3 

16 

6  "  57 

6 

18 

0  "  60 

3 

18 

0  "  60 

4 

19 

6  "  70 

3 

16 

6  "  57 

43 


16     6   "  57 


3 

19 

6  "  65 

4 

19 

6  ' 

'  65 

1 

16 

6  ' 

'  57 

3 

18 

0  ' 

'  65 

3 

19 

6 

'  60 

1 

18 

0  ' 

'  60 

Stoves  in  Course  of  Construction. 

Illinois  Steel  Co.,  Chicago,  111.  (S.  Chicago),      . 

Paducah  Iron  Co ,  Paducah,  Ky., 

Roanoke  Iron  Co.,  Roanoke,  Va., 

Vanderbilt  Iron  and  Steel  Co.,  Birmingham,  Ala., 

Bellaire  Nail  Works,  Bellaire,  Ohio,  . 

Riverside  Iron  Works,  Wheeling,  W.  Va., 

Total,       .... 

No  doubt  many  of  the  members  of  the  Iron  and  Steel  Institute 
will  see  these  stoves  in  the  course  of  their  visit  to  the  United  States. 


stoves. 

Ft. 

In.   Ft 

.  16 

22 

Oby  70 

2 

16 

6  "  57 

.   4 

18 

0  "  60 

.   3 

16 

6  "  60 

.   1 

18 

0  "  65 

.   3 

18 

0  "  65 

.  29 
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AL  UMINUM- STEEL. 

BY  R.  A.    HADFIELD,  SHEFFIELD,  ENGLAND. 

(From  the  proceedings  of  the  New  York  Meeting  lof  the  Iron  and  Steel  Institute,  October, 

1890.) 

It  seems  a  specially  fitting  opportunity  to  present  a  paper  on  the 
alloys  of  iron  and  aluminum  at  the  New  York  meeting  of  this 
Institute,  owing  to  the  fact  that  America  has,  more  than  any  other 
country,  originated  and  developed  the  manufacture  of  cheap  alu- 
minum. The  CoM'les,  Castner,  and  Hall  systems  have  all  originated 
in  the  ever-busy  brain  of  our  cousin  across  the  water. 

The  problem  of  cheaply  producing  this  valuable  metal  has  been 
a  difficult  one,  but  to  the  writer  it  seems  that  the  more  arduous  the 
task  the  greater  the  delight  with  which  our  American  friend 
attempts  to  overcome  the  difficulties  surrounding  it,  and  the  more 
vim  he  throws  into  the  work.  Another  and  equally  striking  proof 
of  this  is  to  be  found  in  the  recent  appearance  of  the  already  well- 
known  remarkable  work.  The  3Ietallurgy  of  Steel,  by  Mr.  H.  M. 
Howe,  of  the  Institute  of  Technology,  Boston,  Mass.  It  is  to  be 
hope .1  that  this  Institute  will  not  be  slow  to  recognize  by  some 
special  mark  its  appreciation  of  this  signally  valuable  and  original 
w'ork. 

The  writer  has  been  led  to  describe  the  following  exjicrlments, 
believing  that  so  far  no  full  and  exact  report  has  yet  been  presented 
to  this  Institute  as  to  the  effect  of  aluminum  alloyed  or  combined 
with  the  metal  iron. 

It  has  been  a  special  object  to  make  the  material  as  far  as  possible 
a  true  alloy  or  combination  of  aluminum  and  iron,  with  as  small 
quantities  as  possible  of  other  disturbing  ingredients,  such  as  silicon, 
manganese,  etc.  In  the  material  described  in  these  experiments, 
the  total  amounts  of  other  elements  jiresent  (sulphur  and  phos- 
phorus being  disregarded  as  present  in  such  small  quantities)  do 
not  exceed  about  0.5  per  cent.  Such  material  may  therefore  be 
probably  taken  as  fairly  illustrative  of  the  effect  of  the  metal  alum- 
inum upon  iron.  Since  completing  the  experiments  the  writer 
VOL.  XIX.— 66 
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understands  that  Mr.  Riley  has  also  made  some  tests ;  in  his  case  the 
other  elements  present  amounting  to  about  one  per  cent.  The 
samples  now  under  examination  may  therefore  be  considered  as 
more  nearly  approaching  what  may  be  termed,  for  the  sake  of  con- 
venience, aluminnm-steel,  esfiecially  as  the  manganese,  so  disturbing 
an  element,  is  unusually  low. 

It  is  not  proposed  to  deal,  exce)>t  briefly,  with  the  actual  produc- 
tion of  the  interesting  metal  aluminum.  A  metal  the  price  of  which 
has  been  reduced  in  little  more  than  30  years  from  6s.  per  ounce 
to  6s.  per  pound  must  have  an  interesting  history.  This  metal 
without  doubt  must  play  a  considerable  part  in  the  metallurgy  of 
the  future;  and  whilst  there  has  been  much  exaggeration*  about 
it — and  those  who  exaggerate  its  qualities  and  capabilities  are  its 
worst  friends — still  a  metal  whose  specific  gravity  is  only  2.6  ;  a 
cubic  foot  of  which  weighs  only  160  pounds,  against  iron  440 
pounds,  or  silver,  to  which  it  has  points  of  resemblance,  650 
pounds  ;  tensile  strength  about  10  tons  per  square  inch  ;  is  inoxidiz- 
able  in  a  high  degree;  and  has  high  electro-conductivity,  must 
indeed  have  an  assured  and  prominent  future. 

Whilst  the  metal  itself  has  proved  so  difficult  of  extraction,  it 
is  in  its  oxidized  state  to  be  found  very  abundantly  in  nature.  Na- 
tive metallic  aluminum  has  not  been  met  with.  Somewhat  curious, 
as  pointed  out  by  Mr.  Richards  in  his  interesting  book  on  the 
metal,  is  the  fact  that  the  oxide,  alumina,  unlike  silica,  which  it  re- 
sembles in  many  respects,  has,  notwithstanding  its  abundance,  not 
been  found  in  animals  or  plants. 

It  is  not  believed  that  the  metal  was  in  any  way  known  to  the 
ancients.  Although  the  term  Alum,  the  Alumen  of  the  Romans, 
occurs  in  Pliny's  and  other  ancient  writings,  yet  it  has  not  been 
satisfactorily  proved  that  our  alum  was  the  substance  referred  to. 
On  the  contrary,  the  learned  Bechraann  has  asserted  that  the 
"Alum  "of  the  Greeks  and  Romans  was  sulphate  of  iron,  and 
that  the  invention  of  our  alum  was  much  later,  in  the  twelfth  cen- 
tury.    It  was  certainly  mentioned  by  Chaucer  in  1356. 


*  One  scheme  propounded  and  abundantly  circularized  was  to  have  outcome  in 
the  production  of  400  tons  per  montii  of  aluminum  and  its  alloys.  Tlie  profit  was 
to  amount  to  the  modest  sum  of  £20,000  niontlily  !  No  wonder  such  a  prospect  was 
entitled  "  A  New  Era  in  Metallurgy." 

A  well-known  technical  journal  published  a  statement  that  "xMuminnm  can  be 
hardened  until  the  diamond  is  its  only  rival !  " 
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Speaking  briefly  of  its  early  history,  Margraff  proved  in  1754 
that  the  eai'th  ahimina  was  a  metallic  oxide.  Sir  Humphrey 
Davy  in  1807  unsuccessfully  attempted  to  extract  the  metal  by 
means  of  the  electric  current,  and  was  followed  by  Oerstedt,  the 
Dane,  in  1827  ;  but  the  great  chemist,  Wohler,  in  1827,  and  more 
completely  in  1845,  must  be  credited  as  being  the  true  discoverer. 
Bunsen  showed  in  1854  how  the  metal  could  be  obtained  by  elec- 
trolysis. St.  Claire  Deville,  of  France,  as  is  well  known,  was  the 
first  to  take  up  and  perfect  the  early  manufacture  of  the  metal  on  a 
commercial  scale. 

Our  own  Dr.  Percy  in  1855  was,  through  the  outcome  of  labor- 
atory experiments,  the  first  to  develop  the  improved  j)rocess  of 
making  the  metal  from  the  fluoride;  and,  still  later,  another  mem- 
ber of  this  Institute,  one  of  our  past  Presidents,  Sir  Lowthian  Bell, 
devoted  much  time  and  attention  to  the  problem. 

Professor  Williamson,  in  his  address  to  the  Chemical  Section  of 
the  British  Association,  1863,  referred  to  this,  stating  "  One  of  the 
most  interesting  novelties  in  metallurgy  is  the  manufacture  of  alum- 
inum, now  carried  out  for  the  sake  chiefly  of  its  alloy  with  copper 
by  the  distinguished  gentleman  who  holds  the  office  of  Mayor  of 
Newcastle  (now  Sir  Lowthian  Bell).  The  mechanical  properties  of 
this  so-called  aluminum-bronze  give  it  great  value,  and  it  seems 
likely  to  find  much  favor  for  its  appearance." 

At  the  same  meeting  Sir  Lowthian  Bell  gave  a  paper  "On  the 
Manufacture  of  Aluminum,"  in  which  he  mentioned  that  it  had 
then  (1863)  been  carried  on  some  3|  years  at  his  Washington 
works.  His  process  consisted  in  the  employment  of  bauxite 
mixed  with  the  ordinary  soda-ash  of  commerce  and  heated  in  a 
furnace,  the  remainder  of  the  process  being  similar  to  that  of  M. 
St.  Claire  Deville. 

Sir  Lowthian  Bell  then  stated  that  the  increased  activity  in  the 
manufacture  of  the  metal  was  due  to  the  value  of  the  alloy  of  this 
metal  with  copper,  and  that  this  "alloy,  or  aluminum-bronze,  as  it 
is  termed,  was  the  discovery  of  Dr.  Percy;"  and  he  considered  it  to 
be  a  true  chemical  compound.  He  specially  pointed  out  the  fact 
that  the  union  of  the  two  metals,  copper  and  aluminum,  was  at- 
tended with  such  increase  of  temperature,  that  unless  the  crucible 
was  of  good  refractory  material  it  would  become  fused.  He  also 
pointed  out — and  it  must  be  remembered  this  is  nearly  30  years 
ago — that  one  of  the  best  bronzes  (in  its  forged  state),  that  is,  one 
of  the  strongest,  most  malleable  and  ductile,  was  that  containing  10 
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parts  of  aluminum  and  90  of  copper,  a  fact  now  oflPered  as  a  recent 
discovery  by  some  writers  on  the  subject. 

Dame  Nature  keeps  most  of  her  secrets  very  tenaciously  locked 
up,  and  uo  doubt  in  many  ways  this  is  a  good  thing;  but  none  of 
her  problems  have  proved  more  difficult  than  that  of  finding  out 
how  to  produce  the  metal,  aluminum,  cheaply.  Too  great  praise 
cannot  be  given  for  the  amount  of  patient  and  laborious  investiga- 
tion by  the  many  scientists  and  practical  men  who  have  worked  at 
its  solution,  and  who  recognized  that  if  methods  could  be  perfected 
to  this  end,  there  would  be  a  great  future  for  the  metal. 

During  the  last  10  years  Cowles,  Netto,  Castner,  Grabau,  Heroult, 
Minet,  finally  culminating  in  Hall's  process,  taken  up  by  the  Pitts- 
burgh Reduction  Company,  have  all  worked  successfully.  That  we 
are  fairly  on  the  road  to  the  desired  cheap  production  may  be 
gathered  from  the  fact  that  its  commercial  value  has  been  reduced 
to  6s.  per  pound;  and  the  writer  believes  that  he  is  correct  in  stating 
that  by  the  Hall  and  other  processes,  and  notwithstanding  these 
later  lower  prices,  the  manufacture  of  aluminum  is  now  being  profit- 
ably pursued. 

Name. — A  recent  interesting  paper  to  the  American  Institute  of 
Mining  Engineers  by  Mr.  Oberlin  Smith,  entitled  "Aluminum  in 
Search  of  a  Nickname,"  refers  to  the  title  which  should  be  bestowed 
on  the  metal.  Whilst  hardly  agreeing  with  him  that  we  should 
come  down  to  the  short,  but  somewhat  undignified  terra  "  Al,"  both 
that  of  "  Aluminmm"  (adopted  in  England),  or  "Aluminum"  (as 
in  America),  are  somewhat  awkward.  It  seems  to  the  writer  that 
as  "Aluminium  "  seems  in  several  ways  to  resemble  "  Silicon?,"  as 
will  be  seen  from  the  experiments  detailed  in  this  paper,  it  might 
be  well  to  name  the  metal  "  Alumino?i."  One  now  seldom  hears 
the  old  terra  "  Silicmm,"  besides  which  the  affix  "  ium  "  belongs  to 
metals  with  quite  distinctive  qualities,  such  as  "Sodium,"  "Potas- 
sium," "Lithium,"  etc.,  and  it  would  make  our  now  cheaper  but 
respectable  friend  fall  more  in  line  with  the  ordinary  wording  at 
present  adopted.  The  above  suggestion  would  also  meet  the  objec- 
tion raised  by  American  friends,  who  rightly  contend  that  if 
"  Aluminmm"  is  adopted,  the  oxide  should  be  termed  "  Aluminm," 
which  no  one  would  defend.  The  title  "  Alurainon"  would,  how- 
ever, meet  both  cases,  as  well  as  proving  more  euphonic* 


*  Note  by  tlie  Secretary  of  the  A.  I.  M.  E.—For  the  sake  of  uniformity,  the  form 
aluminum  has  been  adopted  tiiroughout  in  tlie  reprint  of  this  paper. 
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Processes  of  3Ianufacturhig  Aluminum. — As  is  well  knowji,  the 
projierties  of  nlumimim  are  essentially  modified  by  even  very  small 
proportions  of  impurities,  both  as  regards  resistance  and  change- 
ableness;  but  all  the  users  of  the  following  systems  claim  to  supply 
it  in  purity  from  97  per  cent,  upwards. 

The  principal  processes  now  commercially  used  in  the  manufac- 
ture of  the  metal  are — 

The  Castner  process,  carried  out  by  the  Aluminum  Company  at 
Oldbury,  Birmingham,  England.  This  is  too  well  known  from 
the  excellent  papers  and  descriptions  by  Sir  Henry  Roscoe  to  need 
further  reference  here. 

The  ]!»[etto  process,  employed  by  the  Alliance  Aluminum  Com- 
paiiy,  Newcastle-on-Tyne,  which  has  been  described  by  Professor 
Williams,  of  Firth  College,  Sheffield. 

The  Cowles  electric  system,  differing  from  the  others  in  the  fact 
that  it  preferably  produces  alloys  of  aluminum  with  other  metals, 
and  not  the  metal  itself,  is  also  well  known. 

The  Grabau  method,  based  upon  the  reduction  by  sodium  of 
fluoride  of  aluminum,  produced  from  the  action  of  sulphate  of 
aluminum  U])on  fluor-spar  and  cryolite.  As  the  latter  mineral  is 
reproduced  in  large  quantity  during  the  process,  in  an  artificial 
form,  it  is  of  a  much  higher  degree  of  purity,  and  therefore  it  is 
claimed  that  a  metal  of  exceptional  purity  can  be  obtained.  The 
sodium  used  in  the  operation  is  obtained  by  electrolyzing  melted 
chloride  of  sodium  in  a  crucible,  one  electrode  being  of  carbon  and 
the  other  an  iron  wire.  As  compared  with  the  Deville  process,  this 
is  said  to  utilize  the  sodium  more  perfectly,  viz.,  from  83  per  cent, 
to  90  per  cent,  of  the  reducing  effect  being  realized,  as  compared 
with  76  per  cent,  by  the  former  method. 

The  cheapness  of  the  product  by  this  method,  according  to  M.. 
Ichon,  in  Annales  dcs  Mines,  depends  on  the  electrolytic  process  of 
manufacturing  the  sodium,  which  M.  Grabau  claims  to  be  able  to 
produce  at  from  7cl.  to  9d.  per  lb.,  or  about  one-tenth  the  current 
rate.  This  inventor,  in  consequence,  claims  to  produce  aluminum 
at  the  co.st  of  about  5.s.  10c?.  per  lb.,  on  an  output  of  as  little  as 
50  lbs.  of  metal  (99  per  cent,  purity)  per  twenty-four  hours.  The 
cost  of  plant  to  accomplish  this  is  stated  as  £7300.  The  working 
expenses  and  the  cost  of  materials  are  taken  at  £12  per  day  of 
twenty-four  hours,  to  give  the  above-named  output.  As  it  is  the 
most  recent  estimate  of  cost,  it  may  be  interesting  to  give  this 
inventor's  figures. 
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Investment. 


Buildings, 

Steam-engine,   boiler,  dynamo, 
Electric  apparatus  for  making  sodium, 
Sundry  apparatus,  .         *         .         . 
Working  capital,     .... 


Francs. 
57,000 
35,000 
22,000 
25,000 
40,000 

179,000 


Working  Expenses. 

Francs. 

Labor  per  day,           • 40.00 

Chemists, 40.00 

Fluor-spar, 12.00 

Sulphuric  acid, 2.50 

Sulphate  of  alumina,        . 60.00 

Sea-salt,     ..." 36.00 

Various  chemical  products 16.00 

Coal, 50.00 

Repairs  and  sinking  fund, 30.00 


286.50 


Or  about  14.30  francs  per  kilogram  of  aluminum  produced. 

The  Heroult  *  process,  in  use  at  Xeuhausen,  consists  in  decom- 
posing melted  alumina  by  a  powerful  electric  current  between 
carbon  electrodes.  The  oxygen  is  disengaged  at  the  anode,  burning 
off  in  carbonic  oxide.  The  metal  is  produced  in  a  carbon-lined 
cast-iron  vessel.  If  it  is  desired  to  produce  pure  aluminum,  a 
quantity  of  liquid  cryolite  is  poured  into  the  vessel,  and  also  alumina. 
The  negative  electrode  is  a  carbon  rod,  lowered  into  the  bath. 
Aluminum-bronze  and  aluminum-iron  are  manufactured  by  this 
process  in  a  similar  manner,  the  only  difference  being  that  the 
melted  copper-  or  iron-ore  are  poured  into  the  bottom  of  the  bath, 
and  no  cryolite  is  used. 

M.  Ichon,  in  the  Annales  clcs  Mines,  for  1889,  states  that  MM.  Ber- 
nard Freres  of  Creil,  who  exhibited  at  Paris  last  year,  claim  to  be 
able  to  produce  the  metal  at  as  low  as  4s.  per  lb.  (cost  price),  but  the 
writer  has  not  .seen  this  suKstantiated. 

Finally  the  latest  system,  viz..  Hall's,  a&sisted  by  Messrs.  Hunt 

*  This  process  has  been  fully  described  by  Mr.  Dewey  in  a  paper  to  the  American 
Institute  of  Mining  Engineers,  Washington,  1890.  It  is  only  fair  to  Messrs.  Cowles 
to  state  that  they  consider  tiiis  modification  an  infringement  on  the  principles  of 
their  patents.  To  these  gentlemen  we  certainly  owe  the  rapid  development,  if  not 
practically  the  introduction,  of  the  electric-arc  furnace. 
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and  Langley,  carried  on  by  the  Pittsburgh  Reduction  Co.,  and  in 
'England  by  the  Metal  Reduction  Syndicate,  Manchester,  has  been 
fully  brought  before  the  public  in  a  recent  pai)er,*  read  before  the 
American  Institute  of  Mining  Engineers  (Washington,  1890),  on 
"The  Pro})erties  of  Aluminum  with  some  Information  relating  to 
the  Metal." 

According  to  a  recent  American  paper  this  company,  having 
met  with  so  much  success  in  its  preliminary  work,  proposes  to  erect 
large  new  factories,  which,  according  to  a  recent  Pittsburgh  paper, 
are  to  possess  10,000  horse-j)ower.  The  same  source  states  that 
they  already  make  over  400  lbs.  of  aluminum  per  day  (in  1887 
the  world's  production  did  not  probably  exceed  10,000  per  annum), 
and  that  they  import  at  present  from  Germany  ore,  or  rather  clay, 
from  which  the  metal  is  extracted.  The  same  paper  states  that 
aluminum  made  by  this  Company  has  been  supplied  in  considerable 
quantities  for  ornamental  work  in  the  cabins  of  the  latest  ocean 
steamers,  and  that  it  has  beeu'adapted  to  the  manufacture  of  table 
cutlery  with  success. 

The  English  branch  of  this  company  established  at  Manchester 
state  that  they  believe  that  as  the  demand  grows  and  the  prices 
of  raw  materials  used  come  down,  the  selling  price  of  the  metal  can 
be  reduced  to  even  under  6s.  per  lb. 

Aluminum- Copper  and  Bronze. — Having  mentioned  the  principal 
methods  of  producing  the  metal  itself,  reference  may  be  made  to  the 
already  large  employment  of  aluminum  alloyed  with  copper,  known 
as  aluminum-bronzes,  for  quite  a  countless  number  of  purposes. 
It  may  be  interesting  here  to  state,  as  one  of  the  first  public  notices, 
that  in  the  Morning  Star  of  May  21,  1862,  considerable  reference 
was  made  to  the  probability  of  aluminum-bronze  coming  into 
extensive  use.  The  many  good  qualities  of  these  alloys  will  no 
doubt  make  the  use  of  aluminum  in  this  direction  alone  of  very 
wide  importance. 

The  following  table  gives  the  range  of  tensile  strength  and 
density  of  these  forged  aluminum-bronzes: 

The  brittleness  of  alloys  above  11  per  cent,  prevents  their  use. 

Those  containing  60  per  cent,  to  70  per  cent,  aluminum  are  very 
brittle  and  beautifully  crystalline  ;  with  50  per  cent,  the  alloy  is 
quite  soft,  but  under  30  per  cent,  the  hardness  returns.     The  20  per 

*  This  is  the  most  complete  and  comprehensive  paper  yet  publislied  on  the 
properties  of  the  metal. 
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cent,  bronze  has  a  whitisli-yellow  tint,  somewhat  resembling  bis- 
muth, but  is  very  brittle,  and  can  be  pulverized  in  a  mortar. 

Table  A. — Tests  of  Aluminum-Bronzes. 
By  Mr.  John  H.  J.  Dagger,  in  a  paper  read  before  the  British  Association,  1889. 


Ten.sile  Strength 

in  Tons  per 

Square  Inch. 

Elongation.       ^ 
Per  cent. 

Aluminum-bronze,  11  per  cent.  Al 

10 

"      5-5i       " 
2*       " 

"       U    "      " 

40  to  45 
33  "  40 
25  "  30 
15  "  13 
13  "  15 
11  "  13 

8 
'      14 
40 
40 
50 
55 

7.23 
7.69 
8.00 
8.37 
8.69 

One  of  the  most  valuable  properties  of  the  alloys  given  in  the 
above  table  is  the  fact  that  they  are  forgeable,  and  can  be  worked  at 
a  red  heat. 

Table  B,  having  been  specially  prepared  by  Professor  Tetmayer,  of 
the  Polytechnic  School,  Zurich,  for  the  Aluminum  Industrie- Actien- 
geseUschaft,  at  Neuhausen,  is  given  for  comparison  with  the  foregoing. 


Table  B.—  7es^sq/ 

Aluminum- Bronzes. 

Aluminum. 
Per  cent. 

Tensile  Strength 
in  Tons  per 
Square  Inch. 

Elongation. 
Per  cent. 

Aluminum-bronze :.. 

11.50 
11.00 
10.00 
9.50 
9.00 
8.50 
5.50 
4.00 
3.00 
2.50 
2.00 
1.50 
1.00 

52 
44 
42 
40 
37 
33 
28 
45 
39 
34 
31 
29 
26 

•  0.50 

1.00 

11.00 

19.00 

32.00 

52.50 

64.00 

6.50 

7.50 

20.00 

30.00 

39.00 

50.00 

(1                        K 

((             « 

(1             It 

<(            (( 

<(            (1 

Aluminum  -brass  

"                          "            ; 

"     .          " 

(1                (( 

((                (> 

(1                (f 

Professor  Tetmayer  has  plotted  his  results,  the  curve  obtained 
showincj  that  with  increasing  aluminum-contents  the  tensile  strength 
increases  slowly  at  first,  but  then  grows  rapidly  as  the  alloy  is  made 
richer  in  the  lighter  metal. 

Alloys  of  Cast-iron  and  Aluminum. — As  with  other  cast-iron, 
aluminum  cast-iron,  if  it  may  be  so  termed,  naturally  comes  under 
a  different  cla.ssification  to  that  of  the  malleable  compounds  of  alum- 
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iniira  and  iron,  and  it  is  not  intended  to  deal  with  it  here.  We  are 
again  indebted  to  Americans  for  information  in  this  direction,  espe- 
cially to  Mr.  Keep,  who  has  done  so  mnch  to  raise  and  put  tlie  sys- 
tem of  producing  and  mixing  irons  for  iron-foundry  purposes  on  a 
more  exact  and  scientific  basis.  He  has  already  published  a  series 
of  valuable  investigations  in  a  paper  presented  to  this  Institute  last 
year  on  "Aluminum  in  Carburetted  Iron,"  also  other  papers  to  the 
American  Institute  of  Mining;  Eno;ineers.  He  found  that  aluminum 
has,  in  a  considerable  degree,  a  similar  influence  to  that  of  silicon 
upon  cast-iron,  a  fact  strikingly  confirmed  in  some  special  experi- 
ments of  the  writer  relative  to  the  action  of  aluminum  upon  com- 
bined carbon  in  spiegeleisen,  and  descril)ed  later  on.  It  is,  however, 
only  proposed  to  deal  here  with  alumiiuim  in  its  use  in  the  manu- 
facture of  steel  or  steely  compounds.  There  appears  to  be  much 
misconception  as  to  whether  its  employment  is  productive  of  good, 
and  the  writer  confesses  that  he  believes  that  whilst  the  price  remains 
so  high,  and  except  in  certain  special  cases,  its  application  does  not 
seem  likely  to  become  large.  Aluminum  appears  to  be  of  most  ser- 
vice as  an  addition  to  baths  of  molten  iron  or  steel  unduly  saturated 
with  oxides,  and  this  in  properly  regulated  steel-manufacture  should 
not  often  occur.  Speaking  generally,  its  rdle  appears  to  be  similar 
to  that  of  silicon,  though  acting  more  powerfully.  It  must,  how- 
ever, be  remembered  that  these  experiments  have  been  made  with 
practically  pure  aluminum.  If  pure  silicon  were  also  obtainable,  its 
effect  would  probably  be  found  to  be  almost  the  same.  So  long, 
therefore,  as  ferro-silicon,  varying  in  silicon  from  8  to  20  per  cent., 
can  be  obtained  at  from  £3  IDs.  to  £10  per  ton,  as  compared  with 
aluminum  or  ferro-aluminum  of  like  percentages  costing  £112  to 
£250  per  ton,  it  will  be  seen  that  the  probable  field  of  usefulness  for 
the  latter  must  be  much  circumscribed,  cost  being  so  much  an  ele- 
ment now-a-days.  This  fact,  however,  need  in  no  way  interfere' with 
an  examination  as  to  its  influence  upon  the  metal,  iron.  The  writer 
will  as  far  as  practicable  endeavor  to  deal  with  the  subject  in  a  simi- 
lar manner  to  that  followed  in  his  experiments  with  alloys  of  iron 
and  manganese,  iron  and  silicon,  and  other  alloys. 

Cast  Aluminum-Steel. 
Melting. — The  material  obtained  for  these  experiments  was  pro- 
duced by  melting  in  crucible,  in  the  ordinary  manner,  good  wrought 
bar-iron,  and  adding  the  aluminum  (about  98  per  cent.  Al),  manu- 
factured by  the  Pittsburgh  Reduction  Company's  system,  shortly 
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before  teeming.  The  writer  takes  this  opportunity  of  expressing 
his  thanks  to  Captain  Hunt,  one  of  the  directors  of  the  Pittsburgh 
Company,  for  a  liberal  supply  of  the  metal  for  experimental  pur- 
poses, and  as  the  company  in  question  was  probably  the  first  to  sell 
the  metal  under  10s.  per  pound,  it  is  to  be  hoped  that  the  Hall  sys- 
tem will  meet  with  increasing  success. 

Although  a  difficult  one,  the  object  was  to  obtain  an  alloy  or  com- 
pound consisting  as  nearly  as  possible  of  aluminum  and  iron  alone. 
In  the  material  made  it  will  be  found  that  the  other  elements  present 
do  not  amount  to  more  than  0.5  per  cent.,  so  that  this  intent  may 
fairly  claim  to  have  been  accomplished.  The  ingots,  2|  inches  square, 
were  reduced  by  forging  in  the  ordinary  manner  to  bars  1^  inches 
in  diameter. 

The  consideration  of  the  qualities  of  these  allo\'s  is  divided  into 
two  heads :  first,  the  material  in  the  cast;  second,  the  material  in 
the  forged  state.  The  latter  will  be  considered  below.  In  preparing 
the  cast  alloys,  nothing  special  was  noted  during  the  melting  opera- 
tions, but  in  all  cases  upon  adding  the  aluminum  "coruscation"  was 
observed.  This  evolution  of  heat  and  light  has  also  been  observed 
when  alloying  aluminum  with  copper.  Does  not  this  tend  to  indi- 
cate that  aluminum  added  to  iron  produces  true  compounds  and  not 
merely  alloys,  as  it  is  well  known  in  laboratory  operations  that  the 
evolution  of  heat  during  the  mixture  of  two  substances  is  often  a 
sign  of  chemical  union  ?  The  curious  properties  of  manganese-steel 
seem  especially  to  prove  that  such  a  material  is  a  true  compound,  and 
no  doubt  aluminum-steel  may  be  classed  under  the  same  head. 

Fluidity.— T\t  is  doubtful  whether  aluminum  increases  the  fluidity 
of  properly  made  steel,  but  if  it  does,  the  apparent  increase  or  evolu- 
tion of  heat  just  referred  to  seem  to  the  writer  far  more  likely  to 
account  for  any  increase  of  fluidity  that  may  occur  rather  than  the 
so-called  lowering  of  the  melting-point.  This  is  discussed  more 
fully  a  little  farther  on. 

As  the  aluminum  increases  to  large  amounts,  over  about  0.5  per 
cent.,  the  metal  becomes  quite  thick,  "  creamy,"  and  sets  quickly. 
No  doubt  this  is  partly  caused  by  a  considerable  portion  of  the  alum- 
inum being  oxidized  to  alumina  and  becoming  entangled  as  slag,  in 
the  same  way  as  occurs  when  silicon  is  oxidized  to  silica.  Unless 
suitable  flux  is  present,  this  excess  of  oxide  cannot  be  carried  off, 
the  molten  metal  becomes  less  fluid,  and  causes  the  "thickness" 
noticed.  There  is  a  resemblance  in  this  respect  to  the  action  of  high 
percentages  of  silicon  added  to  iron.    When  exceeding  about  0.75  per 
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cent.  Al,  the  molten  material  so  rapidly  '^creams  over"  on  the  sur- 
face, that  the  production  of  sand-moidded  articles  is  only  effected 
with  difficulty;  in  fact,  it  was  only  by  using  considerable  care 
that  the  cast  test-bars  were  obtained.*  It  must  not  be  overlooked 
that  the  writer  is  here  referring  to  comparatively  high  percentages. 
So  far  as  his  own  experiments  have  gone,  aluminum,  as  regards 
lower  percentages,  also  acts  in  a  similar  manner  to  silicon  under  the 
same  circumstances. 

So  much  has  been  said  as  to  aluminum  lowering:  the  melting;- 
point  of  iron,  that  the  writer  wonders  how  and  why  this  statement 
was  originated,  as  it  certainly  seems  to  have  no  foundation  in  fact. 
This  is  confirmed  by  M.  Osmond,  who  by  means  of  the  "Le  Chate- 
lier"  pyrometer  kindly  made  for  the  writer  a  special  determination 
as  to  the  meltiug-point  of  an  alloy  containing  5  per  cent.  Al.  and 
about  94J  per  cent.  Fe.  The  sample  in  question  did  not  show  the 
slightest  signs  of  fusion  until  a  temperature  of  1475°  C.  was  reached. 
As  mild  steel  by  the  same  pyrometer  was  shown  to  fuse  at  about 
1500°  C,  there  could,  therefore,  have  been  little  or  no  lowering  of 
the  fusion-point;  and  if  this  is  the  case  with  an  alloy  containing  5 
per  cent.,  still  less  can  it  be  so  with  one  containing  only  0.1  per 
cent.,  which  is  the  quantity  usually  described  as  being  present  when 
the  so-called  lowering  is  supposed  to  occur.  It  is  especially  satis- 
factory to  have  the  testimony  not  only  of  M.  Osmond  but  that  of 
Mr.  H.  M.  Howe,t  who  both  agree  with  the  writer  on  this  point. 

As  this  question  is  so  important,  it  may  be  well  to  givq  a  transla- 
tion of  M.  Osmond's  exact  words:  "I  carried  the  heating  of  your 
sample  up  to  1465°  C.  At  this  temperature  slight  oscillations  of 
the  spot  of  light  on  the  scale  appeared  to  denote  the  approach  of 
fusion,  and  in  fact  after  the  cooling-down  I  noticed  slight  indica- 
tions of  fusion  on  that  portion  of  the  sample  which  had  been  in 
contact  with  the  tube.  We  can,  therefore,  suppose  the  actual  fusion- 
point  would  be  about  1475°  C  As  ordinary  soft  steel  by  the  same 
pyrometer  (Le  Chatelier)  is  shown  to  melt  at  about  1500°  C,  you 
can  s.^e  that  your  5  per  cent,  aluminum  sample  had  its  fusion-point 
only  lowered  about  25°,  or  scarcely  anything.     It  is,  therefore,  abso- 


*  Mr.  Keep,  even  with  cast-iron,  found  a  decided  decrease  in  fluidity  by  tlie  ad- 
dition of  aluminum. 

t  Mr.  Howe  publicly  questioned  more  than  three  years  ago,  in  a  leading  tech- 
nical journal,  the  inaccurate  statements  then  circulated  on  this  point. 
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lutely  untrue  that  0.1  per  cent,  of  aluminum  can  lower  the  fusion- 
point  many  hundreds  of  degrees,  as  has  been  so  commonly  stated."* 

In  tlie  writer's  opinion,  if  any  increase  of  heat  or  fluidity  takes 
place  by  the  addition  of  small  amounts  of  aluminum,  it  may  be  due 
to  either  of  the  following  causes,  or  to  both  combined.  First,  there 
may  be  evolution  of  heat,  owing  to  oxidation  of  the  aluminum,  as 
the  calorific  value  of  this  metal  is  very  high — in  fact,  higher  than 
silicon.  According  to  Berthollet,  the  conversion  of  aluminum  to 
AlgOj  equals  7900  cal. ;  silicon  to  SiO^  is  stated  as  7800. 

This  oxidation  is  probable,  as  in  the  writer's  experiments  the  ad- 
dition of  aluminum  to  iron  was  always  accompanied  by  more  or 
less,  often  considerable,  loss  of  the  former  metal.  This  is  also 
proved  by  the  fact  of  its  appearing  in  the  oxidized  state  in  a  white 
powder  upon  the  side  of  the  ingot-mould,  as  well  as  in  the  slag  ; 
also  from  the  fact  that  when  small  amounts  are  added  they  are 
rarely  found  in  tiie  product  when  it  is  analyzed.  In  the  5  per  cent, 
specimens  previously  referred  to,  the  writer  found  that  no  less  than 
2  per  cent,  was  wasted.  Against  the  supposition  that  by  oxidation 
increase  of  heat  is  obtained  must,  however,  be  placed  the  fact  that 
when  the  aluminum  exceeds,  say  about  0.75  per  cent.,  the  less  fluid  is 
the  product  and  the  more  metal  is  wasted;  but  at  the  same  time  the 
explanation  first  offered  might  still  hold  good  as  regards  the  lower 
percentages,  say  under  0.5  per  cent. 

Secondly,  and  more  probably  the  correct  explanation.  As  proved 
in  a  very  clear  and  able  manner  by  Mr.  Gall)raith  in  his  interesting 
paper  to  the  Iron  and  Steel  Institute  in  May  last,  the  fluidity  of 
molten  iron  and  steel  depends  not  only  upon  the  amount  of  heat 
imparted  by  external  means  or  by  oxidation,  but  often  upon  the 
quantity  of  intermingled  slag  or  oxide  of  iron.  He  found  that  in 
certain  cases  in  excessively  over-oxidized  steel,  although  the  heat  of 
the  furnace  was  more  than  usual,  the  product  was  still  lacking  in 
fluidity.  It  would  be  interesting  to  have  the  point  followed  up  and 
thoroughly  tested  by  means  of  the  "  Le  Chatelier  "  pyrometer.  As 
supporting  this,  it  may  be  observed  that  the  well-known  German 
metalhirgist,  Ledebur,  believes  the  role  of  aluminum  "  to  be  no 
other  than  that  of  destroying  the  dissolved  oxide  of  iron  ])resent." 

That   such   over-oxidized    metal  possesses  different  properties  as 

*  What  do  Messrs.  Hunt,  Langley  and  Hall  say  in  their  paper  when  referring  to 
aluminuin-bronre?  ''Tlie  melting-point  of  10  per  cent,  bronze  is  1700°  F  ,  a  little 
hUjher  than  that  of  ordinary  brass."  No  lowering  of  melting-point  liere,  although 
h  10  per  cent,  of  aluminum  is  present. 
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compared  witli  ordinary  steel  or  iron  is  very  clear;  for  the  writer 
has  hud  brought  under  his  notice  certain  cases  of  over-oxidized  iron 
which  continue  to  rise,  give  off  gases,  and  prove  unsound  in*  the 
ingots,  notwithstanding  the  addition  of  even  considerable  quantities 
of  aluminum.  They  are,  of  course,  exceptional,  and  to  the  writer 
seem  to  be  explained  by  the  facts  ])ointed  out  by  Mr.  Galbraith. 

The  loss  of  the  metal  in  melting  is  variable,  but  in  nearly  all 
cases  amounts  to  a  considerable  proportion  of  the  percentage  added. 
The  writer  has  seen  it  stated  that  there  is  no  loss,  although  at  the 
same  time  it  has  been  mentioned  that  a  considerable  scum  of  alu- 
mina was  noticed.  The  two  facts  are  inconsistent,  as,  if  the  latter 
was  present,  it  would  appear  that  of  necessity  more  or  less  of  the 
metal  added  must  have  been  oxidized,  and  conseqnently  not  present 
in  the  final  product. 

Soundness. — Does  the  addition  of  aluminum  produce  sounder 
material  than  silicon,  manganese,  or  silicon  combined  with  man- 
ganese ?  Whilst  it  has  been  found  to  act  powerfully  in  this  respect 
like  these  metals,  still  it  does  not  follow,  as  much  of  the  literature  on 
the  subject  would  have  us  believe,  that  blow-holes  are  quite  done 
away  with,  and  that  the  steel-founder  may  come  down  to  his  works 
in  the  morning  without  paying  the  usual  visit  to  the  scrap-heap. 
The  art  of  the  steel-founder  is  not  merely  the  production  of  sound 
steel,  which  by  increased  knowledge,  and  choice  of  alloys  for  pro- 
ducing soundness,  is,  whilst  still  complicated,  not  so  difficult  as 
formerly,  but  consists,  amongst  other  things,  in  the  careful 
attention  to  the  preparation  of  the  moulds  into  which  the  molten 
steel,  is  poured.  There  is  no  rapid  or  royal  road  to  the  production 
of  sound  steel  castings;  this  is  only  attained  by  long  experience 
combined  with  specialized  knowledge.  Mere  attention  to  the  chemi- 
cal composition  of  the  steel  will  not  produce  the  desired  results;  and 
the  writer  hopes  that  these  words  will  be  remembered  by  those  who 
are  anxious  to  embark  in  the  production  of  steel  castings,  and  who 
consider  from  reading  certain  literature  that  it  is  perhaps  only  neces- 
sary "  to  buy  so  much  aluminum,  add  0.1  per  cent.,  lower  the 
melting-point,  and  the  result  will  be  perfection." 

One  cannot  be  surprised  that  strong  hopes  are  raised  when,  shall 
we  say,  ill-advised  trade-pamphlets  make  such  statements  that  by 
the  addition  of  aluminum  to  iron — mark  the  number,  ye  Muses — 
nine  distinct  and  important  qualities  are  at  once  conferred.  No 
wonder   ferrum  has  had  hitherto  to  be  cla.'^sed  amongst  the  baser 


1054  ALUMINUM-STEEL. 

metals,  but  is  now  to  be  rehabilitated  by  the  niue-mused  metal 
aluminum. 

The  writer  too  has  seen  specimens  of  so-called  ferro-aluminum 
sold  at  shillings  per  pound,  but  which  upon  analysis  gave  alumi- 
nium "  Nil "  per  cent.,  sulphur  0.24  per  cent.,  phosphorus  0.3  per 
cent. ! 

Xot  a  little  amusing,  too,  was  the  ingenious  firm  who,  to  meet 
ideas  all  round,  offered  a  compound  described  as  "  aluminum- 
ferro-silicon,"  which,  according  to  the  statements  of  the  circular, 
should  not  only  banish  honeycombs  from  the  realm  of  the  steel- 
founder,  but  should  at  the  same  time  "  de-phosphorize  and  cleanse 
the  metal  of  any  excess  of  carbon  ! "  Such  an  alloy,  to  quote  from 
the  circular,  could  well  claim  "  to  be  of  value  in  almost  all  ordinary 
steel-practice."  Is  there  any  wonder  that  steel-makers  have  become 
skeptical  and  suspicious  as  to  new  processes  ? 

As  high  as  0.75  per  cent,  aluminum,  or  even  more,  may  be 
admitted  without  much  interference  with  the  ductility  or  toughness 
of  the  cast  specimens,  as  will  be  seen  from  Table  IV.  These  ex- 
periments prove  that  more  aluminum  may  be  present  in  the  cast 
material  than  silicon  in  cast  silicon- steel  before  brittleness  sets  in. 
After  reaching  the  region  of  brittleness,  and  by  adding  still  higher 
percentages  of  aluminum,  there  is  no  return  of  strength— on  the 
contrary  ;  so  that  this  material  in  no  way  resembles  the  curious  pro- 
perty noted  in  this  respect  with  regard  to  manganese-steel. 

Aluminum  seems  specially  powerful  in  absorbing  gases,  and  in 
Mr.  Richards'  book  on  the  metal  he  states  that  M.  Dumas  found  on 
heating  it  in  a  vacuum  that  towards  a  red  heat  considerable  quanti- 
ties of  gases  were  given  off,  their  composition  being  88  c.c.  H,  and 
1.50  c.c.  CO2. 

In  a  pamphlet  issued  by  the  Alliance  Aluminium  Co.,  they  state 
on  this  point  that — 

"  As  regards  the  affinity  of  aluminum  for  oxygen,  it  ranks  next 
to  the  alkaline  and  ferro-alkaline  metals,  that  is,  its  power  of  affinity 
for  oxygen  is  much  greater  than  that  of  the  metals  proper,  such  as 
manganese  for  example.  Supposing  the  chemical  equivalent  of  oxy- 
gen to  be  represented  by  100,  it  is  found  that 

Silicon, 278 

Manganese, 3"15 

Aluminum, 1"! 

"  Comparing  the  absorption-power  of  these  three  bodies,  it  will 

be  found  that 
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171  parts  of  aluminum  absorb  150  parts  in  weight  of  oxygen. 
171         "       silicon  "        123  "  "        " 

171         "       manganese     "  49  "  "         " 

"  Relatively  the  absorption-powers  would  be  therefore 

Aluminum, 5.00 

Silicon 4.10 

Manganese, 1.66 " 

It  is  not,  however,  clear  how  the  above  figures  are  arrived  at;  and 
they  certainly  seem  inaccurate  as  regards  silicon, 

Silicon  (28  At.  wt.)  converted  to  silica  absorbs  32  of  oxygen  ;  or 
the  weight  fixed  by  the  Alliance  Co.,  that  is,  171  grms.,  absorbs 
195.35  grms.  of  oxygen.  This  would  quite  alter  the  absorption 
table  as  given  by  them,  which  would  read  as  follows,  silicon  being 
now  at  the  head  : 

171  parts  of  silicon        absorb       195  parts  of  oxygen. 
171       "         aluminum      "  150  "         " 

171       "        manganese     "  49  "         " 

The  relative  powers  would  then  be 

Silicon, 6.60        not       4.10 

Aluminum, 5.00  (the  same)  5.00 

Manganese, 1.66        "  1.66 

Bending-Tests. — Table  IV.  gives  the  bending-tests,  from  which 
it  will  be  seen  that  the  annealed  samples  up  to  .85  per  cent,  bent 
double  cold  ;  those  unannealed  were  not  so  good.  The  gradual  in- 
crease of  aluminum  is  very  clearly  shown  to  reduce  the  toughness 
both  of  the  unannealed  and  annealed  specimens.  They  were  sound 
with  exception  of  samples  E  and  F,  but  not  more  so  than  cast  sili- 
con-steel of  corresponding  percentages. 

Hardnefts. — As  might  be  expected  from  the  soft  nature  of  the 
metal  aluminum,  its  addition  to  iron  does  not  add  materially  to  the 
hardness,  again  in  this  respect  resembling  the  effect  of  silicon.  Seven 
to  eight  per  cent,  cast  aluminum-steel  may  be  readily  drilled  and 
filed.  This  point  is  dealt  with  more  fully  under  "hardness"  in 
treating  of  the  forged  material. 

Neither  does  its  addition,  unlike  manganese,  interfere  with  the 
magnetic  susceptibility  of  the  iron  present.  Experiments  are  in 
hand  to  determine  what  is  the  actual  effect  in  this  direction,  and 
also  as  regards  conductivitv. 
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Appearance  of  Fracture. — Aluminum  in  the  cast  specimens  opens 
the  grain,  i.e.,  increases  the  size  and  coarseness  of  the  crystals,  and 
as  the  higher  percentages  are  reached  it  is  somewhat  difficult  to  dis- 
ting-uish  the  fractures  from  those  of  the  cast  silicon-steel  described 
in  the  writer's  paper  at  last  year's  Paris  meeting  of  this  Institute. 
The  crystals  in  the  5  per  cent,  and  upwards  specimens  become  very 
large  and  cleave  somewhat  after  the  nature  of  spiegeleisen.  This 
accounts  for  the  increasing  brittleness  of  the  cast  material,  and 
neither  the  fracture  nor  the  brittlen&ss  accompanying  it  in  such  sam- 
ples can  bo  changed  by  annealing.  A  curious  fact  was  noticed,  viz., 
that  the  freshly  broken  fractures  had  a  very  pronounced  odor  of 
sulphuretted  hydrogen,  although  the  sulphur  present  did  not  exceed 
more  than  0.06  per  cent.  This  remained  for  several  days.  Figures 
3  and  4  give  the  appearance  of  the  5  per  cent,  aluminum  and  silicon 
samples  in  their  cast  state. 

M.  Osmond  examined  microscopically  the  fracture  of  a  5  per  cent, 
specimen  (previously  heated  to  1545°  C.)  of  cast  aluminum-steel 
(see  Fig.  1),  and  says,  "  It  is  a  mosaic  of  polyhedrons  of  striking 

Fig.  1. 


6%  Aluminum- ISkd  Prcviondy  Annealed  at    1545  °  C. 
Magnified  45  Linear, 

{bji  M.  Osmond.) 


regularity,  the  interior  of  the  polyhedrons  being  of  remarkable 
homogeneitv.  What  I  found  most  interesting  was  a  comparison  of 
the  difference  between  it  and  the  structure  of  extra  soft  steel  pre- 
viously heated  to  a  similar  temperature.  In  the  aluminum-steel 
the  polygons  are  nearly  regular  hexagons  or  pentagons.     The  soft 
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steel  sample  (see  Fig.  2),  on  the  contrary,  shows  itself  to  be  com- 
posed of  elements  which  arrange  themselves  parallel  to  each  other 
and  in  clusters  of  long  narrow  section." 

Forged  Aluminum-Steel. 

Malleability. — As  high  as  5.60  per  cent,  aluminum  may  be  present 
before  malleability  ceases.  This  is  about  the  same  limit  as  in  the 
silicon-steel  described  by  the  writer. 

It  may  be  pointed  out  as  regards  the  specimens  under  discussion, 

Fig.  2. 


EXTRA  MILD  STEEL  AFTER  ANNEAUNG  AT  ISQCC 
MAGNIFIED  45  LINEAR 

(by  M.  Osmond) 

that  they  are  very  low  in  manganese.  Notwithstanding  this,  the 
malleability  is  satisfactory. 

Mechanical  Properties,  etc. — xVs  regards  bendiiig-qualities,  Table 
IV.  shows  the  results.  Up  to  2.24  per  cent,  aluminum,  the  an- 
nealed samples  bend  double  cold,  but  upon  reaching  5  ])er  cent,  a 
great  diminution  of  strength  takes  place,  and  annealing  practically 
produces  no  effect. 

In  the  testing-machine  (Table  I.),  it  will  be  seen  that  the  elon- 
gations and  reductions  in  area,  although  in  some  cases  irregular,  are 
high,  the  annealed  samples  showing,  as  might  be  expected,  the 
better  results.  The  samples  were  all  tested  on  short  lengths.  2  inches 
VOL.  XIX. — 67 
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(Whitwortli  standard  pattern  .7979  inch  diameter,  0.5  inch  area), 
and  the  elongations  are  very  good  in  those  up  to  about  1^  per  cent, 
of  aluminum  ;  afterwards  a  gradual  diminution  occurs.  This  is 
brought  out  graphically  in  Diagram  I.  Table  II.  and  Diagram  II. 
may  also  be  of  interest  as  showing  the  effect  of  similar  percentages 
of  silicon  and  aluminum.  Comparing  the  sample  of  aluminum-steel 
containing  1.6  per  cent,  aluminum  and  0.21  per  cent,  carbon,  with 
silicon-steel  of  1.60  per  cent,  silicon  and  0.19  per  cent,  carbon,  the 
former  has  an  advantage  in  elongation  of  1  per  cent.  A  character- 
istic of  the  aluminnm-steel  is  that  the  reduction  in  area  is  greater; 
in  this  respect  it  seems  to  resemble  chrome-steel.  *  There  is,  how- 
ever considerable  difference  in  the  tensile  strength  of  the  two  alloys, 
the  aluminum-steel  being  several  tons  less.  The  .same  remark 
applies  to  the  permanent  set  point,  which  in  the  annealed  aluminum- 
steels  is  fairly  low.  Numerous  comparisons  might  be  drawn  be- 
tween the  two  steels,  especially  as  the  test-bars  in  both  series  of 
experiments  were  exactly  the  same  in  length  and  section,  and  were 
treated  on  all  points  similarly.  Reference  to  the  diagrams  and  tables 
in  each  case  will  be  found  of  interest.  One  difference  clearly  brought 
out  is,  that  the  tensile  strength  of  iron  is  not  increased  so  much  by 
an  addition  of  aluminum  as  of  silicon. 

In  two  exceptional  samples  the  writer  was  able  to  get  the  carbon 
down  to  as  low  a  point  as  0.1  per  cent.,  with  aluminum,  0.25 
and  0.96  i)er  cent,  respectively  (these  not  forming  a  part  of  the 
series,  are  not  included  in  Table  I.).  The  elastic  limits  of  the  two 
annealed  specimens  were  respectively  13  and  11  tons,  breaking- 
loads  23  and  22.5  tons  (per  square  inch  of  original  area),  very  clearly 
showing  the  slight  influence  of  aluminum  both  upon  the  elastic 
limit  and  breaking  load. 

It  has  been  stated  that  very  small  percentages  of  aluminum  con- 
siderably raise  the  limit  of  elasticity.  It  will  be  seen  from  the  table 
of  tests,  and  specially  from  the  two  almost  carbonless  samples,  just 
quoted,  that  this  increase  is  slight,  if  any,  as  compared  with  the 
ordinary  steel,  and  also  that  aluminum  does  not  raise  the  elastic 
limit  so  much  as  silicon.  Seeing  that  aluminum  is  an  exceptionally 
soft  and  malleable  metal,  possessing  a  tensile  strength  of  8  to  10 
tons,  it  is  hardly  to  be  expected  that  this  should  have  been  other- 
wise, and  it  is  a  pity  that  such  incorrect  statements  as  above  men- 


*  Messrs.  Hunt,  Langley,  .and  Hall,  in  the  paper  before  referred  to,  speaking  of 
the  metal  alnniinnni,  say,  "The  flow  of  aliiminnm  under  tensile  tests  is  very  local." 
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tioned  are  started  without  foundation  in  fact.  The  elastic  limit  of 
samples  should  always  be  determined  on  annealed  specimens,  as  by 
cold  forging  or  rolling,  the  elastic  limit  of  even  mild  steel  can  be 
readily  raised  several  tons  per  square  inch  ;  and  it  would  hardly  be 
correct  to  call  this  the  normal  permanent  set  of  the  sample  under 
examination.  Aluminum  and  silicon,  therefore,  stiffen  iron  but 
little,  whilst  carbon,  chromium,  tungsten,  manganese  and  nickel 
clearly  increase  rigidity ;  and  this  from  their  nature  and  hardness 
might  be  expected. 

Comp7-ession-Tes(s. — Samples  A  and  I  (0.15  and  5.60  per  cent. 
Al)  were  each  subjected  to  a  compression-stress  of  100  tons  per 
square  inch.  Table  V.  gives  the  full  details.  It  will  be  noticed 
that  whilst  the  specimen  containing  0.15  per  cent.  Al  shortened  61 
per  cent,  in  length  under  the  above-named  stress,  that  containing 
5.60  per  cent.  Al  shortened  36  per  cent.  Thus  even  the  soft  metal 
aluminum  has  to  some,  though  very  slight,  extent  stiffened  the 
material. 

As  a  comparison  may  be  mentioned  samples  B  and  G  (Table  III. 
of  my  last  year's  paper)  of  silicon-steel  (containing  0.79  and  5.20 
per  cent.  Si),  which  shortened  under  the  same  stress  50  per  cent,  and 
32  per  cent,  respectively. 

Hardness. — As  might  be  expected  from  the  soft  nature  of  the 
metal  aluminum,  its  addition  to  iron  does  not  confer  appreciable 
hardness  when  in  either  the  forged  or  cast  state.  In  this  respect 
also  it  resembles  silicon  steel.  The  forged  material  containing  5  per 
cent,  is  very  soft,  and  is  easily  drilled  or  filed. 

The  action  of  aluminum  may  therefore  be  classed  along  with  that 
of  silicon,  sulphur,  phosphorus,  arsenic,  and  copper,  as  giving  no 
increase  of  hardness  to  iron,  in  contradistinction  to  carbon,  man- 
ganese, chromium,  tungsten,  and  nickel.  Water-quenching  upon 
either  forged  or  cast  aluminum-steel  (in  which  carbon  is  practically 
absent)  seems  to  produce  no  effect  (Table  VI.),  the  samples  when 
dipped  at  even  a  welding  heat  being  almost  unchanged.  * 

Here  again  we  have  another  addition  to  the  list  of  elements 
which,  alloyed  with  iron,  do  not  produce  "  water-quenched  hard- 
ness," if  the  term  maybe  allowed.  In  fact,  notwithstanding  that 
manganese,  chromium,  tungsten,  and  nickel  do  impart  a  certain  and 

*  It  has  been  stated  that  the  influence  of  aluminum  on  high-carbon  or  tool-steel, 
is  to  destroy  its  hardening  action.  This  is  quite  incorrect;  the  writer  has  prepared 
steel  containing  Ih  per  cent,  aluminum  and  1  per  cent,  of  carbon,  which  hardens 
suflSciently  to  scratch  glass.     It  is  a  pity  such  inaccurate  statements  are  circulated. 
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considerable  kind  of  hardness  to  iron,  either  in  the  cast  or  forged 
state,  carbon  retains  its  position  as  being  the  only  element  which 
confers  upon  iron  the  property  of  becoming  hard  by  water-quenching, 
In  steel  made  with  the  hard  metals  just  mentioned,  if  the  carbon 
present  be  low,  no  matter  at  what  heat  they  are  water-quenched,  the 
characteristic  hardness  of  carbon-steel,  such  as  scratching  glass  or 
forming  the  edge  on  a  cutting-tool,  is  wanting. 

Fracture. — Aluminum  causes  the  tough  percentages,  both  in  the 
cast  and  forged  material,  to  break  with  dark  fibrous  fracture,  similar 
to  wrought-iron  of  good  quality,  only  much  darker  in  color.  This 
appearance  in  some  of  the  specimens  is  very  curious,  as  small  patches 
of  bright,  fine  crystals  are  to  be  seen  surrounded  by  a  remainder  of 
black  and  dark  fibrous  material. 

In  several  of  the  tested  tensile  specimens  a  rough  and  ribbed  sur- 
face is  noticed,  proving  looseness  of  texture. 

TFeWa6i7%.— Samples  B  (0.61  per  cent.  Al),  D  (0.72  per  cent. 
Al)  and  G  (2.20  per  cent.  Al)  were  tested  for  welding,  but  unsuc- 
cessfully.    It  would  be  interesting  to  try  electric  welding. 

The  writer  has  always  found  that  these  special  steels  or  alloys, 
such  as  silicon,  manganese,  or  chromium  steel,  have  slight,  if  any, 
welding-properties. 

Applications. 

Speaking  generally  of  the  application  of  aluminum  to  the  manu- 
facture of  iron  and  steel,  the  usual  amount  stated  to  be  requisite  for 
producing  good  results  is  about  0.1  per  cent. ;  but  in  many  cases,  as 
already  pointed  out,  this  would  be  too  little.  Supposing,  however, 
that  an  average  percentage  of  0.1  per  cent,  or  0.1 5  per  cent,  was  neces- 
sary, and  assuming  the  aluminum  to  be  sold  at  8s.  per  lb.,  the  ex- 
pense of  such  addition  would  mean  an  extra  cost  of  18s.  and  27s. 
per  ton  respectively ;  whereas  if  as  much  as  even  0.5  per  cent,  of 
silicon  is  required  to  do  the  same  work,  it  does  not  cost  more  than 
48.  6cZ.  per  ton.  On  a  large  output  of  steel  castings  this  means  a 
serious  difference,  and  in  the  above  nothing  is  credited  to  the  latter 
method  by  the  gain  of  adding  so  much  ferro-alloy,  which  afterwards 
counts  as  steel. 

In  making  these  statements,  the  writer  in  no  way  wishes  to  dis- 
parage the  effortsoftho.se  who  have  devoted  so  much  time  and  at- 
tention to  the  production  of  aluminum.  Let  it  be  rather  an  induce- 
ment to  produce  the  metal  more  cheaply.  If  aluminum  can 
eventually  be  brought  to  compete  in  price  with  existing  alloys,  there 
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is  a  probability  of  something  being  d6ne  in  introducing  its  use  on  a 
larger  scale.  Ahiminum  may  find  a  use  for  certain  special  pur- 
poses, such  as  in  higher  carbon-steel,  where  silicon  does  not  seem  to 
act  so  powerfully  in  producing  soundness  as  in  the  case  of  milder 
steel  with  carbon  at  0.5  per  cent,  and  under. 

Therefore,  whilst  for  some  special  purposes  aluminum  may  be 
employed  in  the  manufacture  of  iron,  at  any  rate  with  our  present 
knowledge  of  its  properties,  this  use  cannot  be  large,  especially  when 
taking  into  consideration  the  fact  of  its  comparatively  high  price. 
Its  special  advantage  seems  to  the  writer  to  be  that  it  combines  in 


Fig.  3. 
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itself  the  advantages  of  both  silicon  and  manganese,  but  so  long  as 
alloys  containing  these  metals  are  so  cheap  and  aluminum  dear,  its 
extensive  use  seems  hardly  probable. 

Points  of  Re.'^emblance  between  Aluminum-  and  Silicon-Steel. — 
Whilst  referring  to  the  points  of  similarity  between  the  mechanical 
properties  of  aluminum-  and  silicon-steel,  there  may  also  be  men- 
tioned an  interesting  communication  sent  some  time  ago  to  the  writer 
by  M.  Osmond.  He  says  :  "  I  believe  you  were  quite  correct  in 
stating  in  your  paper  on  silicon  and  iron  alloys  that  the  action  of 
these  two  metals  was  very  similar.     All  that  I  know  on  this  subject 
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goes  to  confirm  this.  In  1883  I  made  some  aluminum-steel,  and 
found  its  tensile  strength  and  elongation  were  modified  almost 
exactly  as  by  the  same  proportions  of  silicon.  Second,  aluminum, 
like  silicon,  causes  a  precipitation  of  graphite  in  cast-iron.  Third,* 
the  cooling  curve  of  your  aluminum  alloy  is  nearly  the  same  as 
that  of  your  4.50  per  cent,  silicon  alloy.  Fourth,  aluminum  and 
silicon  have  almost  the  same  atomic  volume.  I  will  only  add  that 
I  quite  agree  with  Mr.  A.  H.  Allen,  of  Sheffield,  that  ordinary 
steel,  made  upon  an  acid-lined  furnace,  often  contains  a  little  alu- 
minum ;  at  least  I  found  it  to  be  so  with  Creusot  steel,  and  by  analy- 
tical methods  which  I  believe  to  be  accurate.     I  detected  as  high  as 


Fig.  4. 
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0.1  per  cent,  in  one  sample,  yet  nobody  found  that  the  melting- 
])oint  was  lowered.  The  detection  of  small  quantities  of  aluminum 
is  difficult,  and  requires  great  care,  as  reactions  are  likely  to  occur 
upon  glass  utensils  of  the  laboratory." 

Owing  to  the  similarity  in  behavior  of  aluminum-  and  silicon- 
steel  in  the  testing-machine,  Table  II.  and  Diagram  II.  have  been 
prepared  for  comparison.  The  full  details  if  the  silicon-steel  sam- 
ples will  be  found  in  Table  II.  of  the  writer's  paper  to  this  Institute 
last  year. 

*  M.  Osmond  has  kindly  furnished  a  tracing  of  the  curve,  see  Diagram  III. 
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It  will  be  fouiul  from  these  that  the  samples  selected,  whicli  fairly 
correspond  as  to  their  contents  of  aluminum  and  silicon,  show  the 
following  results: 

The  limit  of  elasticity  does  not  at  first  differ  materially,  hut  in  the 
higher  percentages  the  silicon-steel  gives  the  higher  results.  The 
same  remark  applies  to  the  tensile  strength. 

As  regards  elongation,  contraction  of  area,  and  bending-tests, 
the  differences  are  very  slight.  lo  fact,  as  a  whole,  it  may  be  said 
thai  the  two  metals,  aluminum  and  silicon,  produce  almost  corres- 
ponding effects  as  regards  mechanical  properties  when  mixed  or 
alloyed  with  the  metal  iron.  These  facts  are  well  illustrated  by 
Diagram  II. 

The  further  points  of  similarity  may  be  summed  up  as  follows: 
Producing  soundness;  increasing  the  coarseness  and  size  of  the  iron 
crystals  ;  annealing,  in  the  higher  jiercentages  of  both  steels,  pro- 
duces very  little  change  in  the  molecular  structure;  reducing  fluidity 
in  the  higher  percenta<yes;  neither  metal  appreciably  hardens  the 
iron  to  which  it  has  been  added,  no  matter  whether  such  alloy  be 
either  in  the  cast  or  forged  state;  water-quenching  produces  no  ap- 
preciable difference;  the  alloys  produced  by  both  metals  cease  to  be 
malleable  with  about  corresponding  percentages  ;  neither  alloys  weld 
satisfactorily. 

The  principal  differences  are  that  aluminum-steel  in  its  cast  state 
will  carry  a  somewhat  larger  percentage  of  its  metal  before  becom- 
ing brittle  as  compared  with  silicon-steel  in  its  cast  state,  but  after 
forging  this  appears  to  be  removed.  Larger  amounts  of  silicon 
seem  to  be  required  to  produce  the  same  soundness,  but,  as  before 
pointed  out,  if  it  were  possible  to  add  pure  silicon,*  it  is  probable 
that  this  difference  would  not  be  found  to  exist.  The  highest  ferro- 
silicon  yet  made  does  not  contain  more  than  20  per  cent,  of  silicon. 
Finally,  silicon-steel  appears  to  be  more  red-short. 

Effect  of  Aluminum  upon  Manganese-Sleel  and  Spief/elei.ien. — 
Believing  that  aluminum,  like  silicon,  would  cause  a  precipitation 
of  graphite,  the  writer  added  between  three  and  four  per  cent,  to 
ordinary  spiegel  (12  and  25  per  cent,  manganese).  The  result  in 
both  cases  was  a  complete  change,  from  the  well-known  spiegel  frac- 
ture to  that  of  ordinary  close  No.  3  gray  pig-iron.     Although  there 

*  If  Messrs  Cowles  would,  with  their  electric  furnace,  supply  us  with  say  50,  70 
or  90  percent,  ferro-silicou,  there  would  proljuhly  be  a  considerable  use  for  such 
alloy.     Ledebur  considers  that  pure  silicon  would  act  more  powerfully. 
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had  been  this  great  alteration  in  the  form  of  the  carbon,  no  change 
in  the  non-magnetic  properties  of  the  iron  was  apparent.  This  ex- 
periment, therefore,  clearly  proves  that  the  neutralization  of  the 
special  magnetic  qualities  ordinarily  possessed  by  iron,  is  in  man- 
ganese compounds  quite  independent  of  the  particular  state  or  form 
in  which  the  carbon  present  exists.  The  difference  between  the 
molecular  structure  of  gray  and  white  iron,  and  in  the  cases  under 
consideration  between  gray  and  white  spiegel,  makes  this  fact 
somewhat  striking. 

The  following  table  gives  the  analyses  of  the  samples  referred  to; 
also  of  a  sample  of  the  same  spiegel  to  which  silicon  has  been  added, 
with  even  more  powerful  results — conversion  of  the  greater  part  of 
the  combined  to  graphitic  carbon  : 


C. 

Gr. 

Si. 

s. 

P. 

Mn. 

Al. 

Remarks. 

'There  was  consid- 
erable  loss  of  al- 

Spiegel— 

12  per  cent,  before 
addition  of  Al.... 

12   per   cent,   after 
addition  of  Al.... 

4.80 
.93 

None 
3.45 

1.30 

.01 

.C5 

13  65 
11.75 

3.19 

uminum. 

Non-niawnetic  sus- 
ceptibility unal- 
tered. 

Fracture  changed 
from  usual  pro- 
nounced "  s  p  i  e- 
gel  "  appearance 
to  that  of  No.  3 
iron. 

25  per  cent,  before 
addition  of  Al.... 

25    per   cent,   after 
addition  of  Al.... 

4.10 
230 

1.88 

2.16 

.02 

.10 

25.20 
22.16 

1.24 

r  Ditto,   except   that 
J     the    change    was 
1     not   quite   so  de- 
[    cided. 

12  per  cent,  before 
addition  of  Si 

12   per   cent,   after 
addition  of  Si 

4.10 
.43 

3.40 

3.73 

.01 

.05 

11.00 
9.50 

f  Fracture     changed 
1     to  No.  3  iron. 
]  No  change  in  non- 
1     magnetic    suscep- 
[    tibility. 

In  conclusion,  the  writer  regrets  that  the  paper  is  not  so  complete 
as  he  would  like,  but  owing  to  the  press  of  ordinary  work  there  has 
not  been  time  to  complete  further  experiments  in  hand,  which  might 
possibly  have  thrown  further  light  upon  this  interesting  subject. 


ALUMINUM-STEEL. 


1035 


'^'       T^  C 

•sisax  SuippAV 

•o2 
^1 

•d2 
1^ 

3 

«2 
a 

.2 

■3 

a 

1 

<u 

at 

a 

OS 

1 
0 

~     ■—  Si 

•nt"'^  X  apiAV  'UI 

?■  'sjug  paSaoi 

paiT?ouuv  JO 

sjsox-Suipuag 

— 
3 

o 
*j2 

<u  o 

n 

Bent    double 
cold. 

Bent  double 
cold. 

Bent    double 
cold. 

Bent   double 
cold. 

3 

3 
o 

2 
cc 

1" 

0 
3 

3 
0 
"O    . 

r 
s3 
So 
M 

0) 

.a 

3 
0 

¥ 

Bent   double 
cold. 

Broke  at  16''. 

s;  a^so  Specific  Gravity,  Forging,  Welding  o.i 

t;  tensile  strength,  elastic  limit  and  elongation  were  testec 
ars,  0.7979  inch  ;  original  area,  0.5  sq.  in. ;  extension  measured 
annealed  before  testing. 

Appearance  of 

Fracture  of 

Annealed  Forged 

Bar  from  which 

Test-Bar  was 

Prepared. 

3 

c 

o! 
u, 

<U 
3 
tC 
O  t! 

2-§ 
o 

Close  fine  granu- 
lar. 

Fine  close  granu- 
lar;       much 

closer       before 
annealing. 
Fine  grain. 

Fine  close  grain ; 
much  closer 
before  anneal- 
ing. 

Fine  grain. 

8 

c 

0 
i2 

03 
0 
0 

Coarser. 
Coarse. 

Appearance  of  Fracture 
of  Test-Bar. 

Granular ;  very  dark  ;  a 
little  roaked ;  smooth 
on  outside. 

Dark  granular;  a  little 
roaked ;     smooth     on 

outside. 
Dark  granular. 
Dark  granular ;  smooth 

on  outside. 
Dark  granular  ;   several 

specks  in  body. 
Dark    granular;     rough 

on  outside. 

Dark  granular  ;  .several 
long  specks  in  body. 

Dark  granular ;  rough 
on  outside. 

Dark  granular. 

Dark  granular;  smooth 
on  outside. 

Dark      fine       granular; 

smooth  on  outside. 
Dark  granular ;  smooth 

on  outside. 
Dark   granular;    rough 

on  outside. 
Dark    granular ;    rough 

on  outside. 
Crystalline,     rather 

coarse. 
Dark  granular  ;  fibrous  ; 

very  rough  on  outside. 
80  per  cent,  outer  circle, 

crvstalline  :    20  per  ct. 

inner  circle  finer  cry.st- 

alline ;  rather  coarse. 
Dark  granular  ;  fibrous. 
Crystalline;       lustrous; 

broke  in  radius. 
Crystalline;       lustrous; 

broke  in  radius. 

Uiao  jad 
uajBjou.'tDnpaa 

OS 

i 

58.18 
60.74 

54.50 

61.98 

49.86 

52.14 

60.74 
64.86 

to      Cl 

TJ<          O 

in     un 

3    g 
g    5 

s  5 

48.62 
3.9b 

6.16 

•ui  7.  no 
pa.insi!aia'-}Ojad 
iioisuoix;.r  injox 

CO 
CO 

". 

-^ 

37.85 
40.35 

38.40 

40.50 

33.35 

33.0 

40.0 
47.10 

g     5 

g3    S 

cj     to 
eo     eo 

55 

33.02 
3.67 

6.45 

•tia.iy  nuiiSi.io 
uo  inbs  udsuox 
tupnoi  iiuiJiuajg 

o 

gi 

o 

30.0 
26.0 

28.0 

25.5 

29.0 

27.0 

28.0 
25.0 

o     o 

g?  §j 

0     0 

CO       S 

0      q 
CO      ^ 

in 

28.5 
38.0 

36.0 

Bar 

e  ingc 

test-b 

a  wert 

■Itui 

IBS 

q.>}aj 
jad  s 

-OIJSB 

T  aiisuia 
aqonj  iii 
JS  JO  -juiv 

q      0_ 

i 

.0133 
.0050 

nealed  and  Unannealed 

ation  made  on  drillings  from  th 
iagram  I.    Original  diameter  of 
d  unannealed.    Those  marked 

II  ajBtibs 
ibx  ui  Xji 
lajojuaiT 

o 

i  ^ 

o 

23.0 
20.0 

21.5 

18.0 

20.5 

18.0 

22.0 
18.0 

o     o_ 

?5  ?i 

0     0 

o_     q 

in 

18.5 

None 

visible 

27.0 

•pa3jo,^ 
?oSux  AVOH 

!    "3 
>> 

> 

Fairly  well. 

Rather 
shelly. 

Very  well. 
Very  well. 

■3 

& 

> 

"3 
1 

0 

0 
> 

•XjiABJoogpads 

_        00 

■    ■     t-^ 

?5        : 
to        : 

i 

q 

to 

E-' 
H 

o 
» 

Ed 
On 

■< 
Z 

■IV  JO 
•p-ad(-xojd 
-dv)   ssoT 

o 

CI              -T« 

eo        :     ''^.    : 

^       : 

0 

^.        : 

^       : 

0 

:S       : 

^. 

ts  of  A) 

1  determin 
lotted  on  L 
were  teste 

•IV  JO 
aSBauaa.iaj 
pajBinoiBD 

^ 

o         in 

in    :     r-;        : 

1.00 
1.25 

<N 

CO 

:8       : 
'to 

8 

<3 

< 

in 

^    :     S.       1 

S       :     S    : 

0 

S       : 

fi       : 
ci 

e4 

:S        : 
'in 

3 

o> 

t^      oJ  2  3 

a 

s 

00    _      .-1 

3      •    2  • 

»-H 

00 

00 

^ 

:^       , 

^. 

Table  I. — Tensile 

Analyses  and  speciflc-g 
machine,  and  will  be  fou 
Bars  marked  u  m  first  co 

Oh' 

3    :        I        : 

S        :        1    1 

3       •: 

§       : 

■°    i 

^ 

M 

o    _ 

o        I        1    I 

S       i 

S.        : 

:o        : 

S. 

S 

s. 

00              Cl 

to        _      o    _ 

S       : 

00 

00 

i^ 

:S        ; 

^ 

d 

?? 

S    :     S       I 

S       :     a    : 

S.       : 

(N       : 

CJ       : 

c5 

:?J        . 

^ 

•jadBj 
ui   01  pajjajaa 
JlJBKPUBsauas 

to 

s 

to 

W1I67  A 
a  1167  A 

u  1167  B 

a  1167  B 

it  1167  C 

a  1167  C 

u  1167  D 
o  1167  D 

fc     fa 

5    to 
s     e 

0     -J 
to      to 

3     e 

•0 

a  1167  H 
u  1167  I 

a  1167  I 

to 

1066 


ALUMINUM-STEEL. 


Diagram  !•  Showing  the  Unsile  strength,  elastic  limit,  and  elongation  per  cent 
of  annealed  and  un-annedlcd forged  Aluminum-Steel.        Flottedfrom.  Table  I. 


V   Tenaila 
/strength 


>  Elongation 
per  cent 


H  I  I I  I  M  j  :  I 


.  -  Annealed  test-bars.  B'f"'  "  *»..Dm»  n«.c*ij,x. 

-  —  Unannealed  test-bars. 
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Diagram.  IT.  Showiyvj  comparison  between  forced  Silicoft 
and  Aluminum.at'cel.' Plotted  from  Table  11^  both  materials 
paving  been  annealed. 


20  tons      \   Tensile 
'    Strength 


\    Elastic 
(     Umit 


\    Elongation 
per  cent 


-  Silicon-Steel. 

—  Alumlnuni-Stee/i 
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Diaoram   III,  Showing  the  Cooling. Curve  of  a  Sample  of  S  Per  Cent  Aluminum-Stecl. 

"  (61/  M.   Osmond.) 


TciuiJcratureR  in  degrees  iCentigradi 


-j-|-[-)-|-]-[-l--  Temperolurea  in|degree») 
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Discussion. 

J.  E.  Stead,  Middlesbrough,  England  :  AYithin  the  past  two  years 
I  have  made  many  experiments  to  ascertain  the  eifeet  of  aluminum 
upon  steel,  and  also  the  nature  of  the  chemical  reaction  which  takes 
place  when  aluminum  is  ad  Jed  to  steel.  My  experimontsclearly 
confirm  Mr.  Hadfield's  statement  that  on  adding  fluid  aluminum  to 
fluid  iron  there  is  an  increase  of  temperature.  By  adding  it  to  cast- 
iron,  free  from  any  oxide  of  iron  whatever,  the  temperature  is  very 
materially  increased.     By  adding   it  in    large  excess  to  white-iron 

that  is,  to  iron    containing  no  silicon — a  considerable  quantity 

of  combined  carbon  is  forced  04^it  of  its  combination  with  the  iron, 
thus  showing  that  the  combination  of  iron  and  aluminum  cannot  be 
a  mere  mixture,  but  must  be  a  true  chemical  compound.  As  cor- 
roborative evidence,  it  is  noted  that  when  aluminum  and  inm  are 
added  together  the  specific  gravity  of  the  resulting  mixture  is  greater 
than  theliieau  of  the  constituents :  77  cubic  inches  of  iron  and  23  of 
aluminum,  making  a  total  of  100  cubic  inches  before  melting,  com- 
bine to  form  a  compound  of  only  97.3  cubic  inches;  and  the  heat 
which  is  evolved  during  the  process  is  a  still  further  indication  of 
true  chemical  reaction. 

The  first  question  with  regard  to  this  comi>ound  is,  how  will  it 
behave  toward  oxidizing  agents  when  mixed  with  steel.  A  ferro- 
alurainum  containing  about  8  per  cent,  of  aluminum,  3.25  per  cent, 
of  silicon,  and  about  3  per  cent,  of  carbon,  was  melted  in  a  crucible 
under  an  ordinary  silicate  of  iron  slag  for  an  hour.  It  was  found, 
upon  analysis,  that  it  had  lost  1.8  of  the  silicon,  and  6.41  of  the 
aluminum,  showing  clearly  that  aluminum  is  very  much  more 
readily  oxidized  and  removed  from  its  combination  with  iron  than 
is  silicon.  It  is  a  powerful  reducing  agent.  In  this  respect  it  re- 
sembles silicon,  but  is  more  powerful.  That  aluminum  should  be 
VOL.  XIX. — 68 
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found  in  any  fsteel  which  has  been  made  by  the  removal  of  silicon 
and  carbon  from  pig-iron  by  oxidizing  agents,  i.e.,  in  any  Bessemer 
or  open-hearth  steel,  is  therefore  utterly  impossible,  since  aluminum 
is  more  readily  oxidized  than  silicon. 

Another  point  of  very  great  interest,  which  has  been  shown  by 
my  experience  is,  that  aluminum  in  combination  with  iron  or  steel 
has  power  to  reduce  carbonic  oxide.  In  this  respect,  again,  it  is 
similar  to  silicon,  but  much  more  powerful.  I  have  heated  a  17 
per  cent,  ferro-aluminura  for  several  hours  in  an  atmosphere  of  car- 
bonic oxide,  at  a  high  temperature  but  not  sufficient  to  cause  fusion, 
and  then  observed  a  dark-gray  deposit  on  the  outside  of  the  metal. 
This  was  found  to  contain  16  percent,  carbon,  14  per  cent,  metallic 
iron,  and  69.66  per  cent,  of  free  alumina.  The  carbon  could  only 
have  come  from  the  carbonic  oxide  circulating  around  the  piece,  and 
the  oxygen  of  the  alumina  could  only  have  been  derived  from  the 
same  source.  I  therefore  consider  it  a  safe  and  logical  inference  that, 
if  carbonic  oxide,  and  not  hydrogen,  is  the  cause  of  blow-holes  in 
steel,  the  addition  of  aluminum  would  produce  sound  castings  and 
sound  steel.  The  facts  bear  this  out;  every  one  of  our  trials  has 
indicated  that  aluminum  can  kill  the  most  fiery  steel,  providing,  of 
course,  that  it  is  added  in  sufficient  quantity  to  combine  with  all  the 
oxygen  which  the  steel  contains.  The  metal  will  then  be  absolutely 
dead,  and  will  pour  like  the  dead-melted  silicon-steel.  My  experi- 
ments prove,  that  if  the  aluminum  is  added  as  metallic  aluminum, 
and  not  as  a  compound,  and  if  the  addition  is  made  just  before  the 
steel  is  cast,  one-tenth  per  cent  is  ample  to  obtain  perfect  solidity  in 
the  steel.  Five-hundredths  per  cent.,  in  fact,  is  often  sufficient  for 
the  purpose.  Some  investigators  regard  this  proportion  as  inadequate, 
but  I  am  inclined  to  think  that,  in  their  experiments,  they  may  have 
underrated  the  extreme  rapidity  with  which  aluminum  is  oxidized, 
and  may,  therefore,  have  allowed  the  ahuninum-steel  to  remain  too 
long  in  the  furnace  or  crucible  before  tapping  it. 

Now,  if  aluminum  will  remove  such  detrimental  elements  as 
oxygen  and  carbonic  oxide  from  steel,  it  ought  to  improve  the 
quality  of  the  metal.  In  my  trials  with  crucible-steel,  I  think  this 
improvement  was  clearly  demonstrated ;  a  large  crucible  of  steel 
was  melted  in  the  ordinary  way,  and  then  one-half  of  it  was  teemed 
out  into  an  ingot-mould  while  ahiminum  was  added  to  the  other 
half,  and  that  also  was  cast.  The  steel  produced  was  tested  in  every 
way  I  could  imagine — for  springing  quality,  for  edge  or  cutting- 
properties,  for  power  to  withstand  sudden  shock,  for  resistance  to 
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corrosion,  and,  in  fact,  for  all  the  useful  properties  I  could  think  of. 
I  found  that  in  tool-steel,  containing  about  1  per  cent,  of  carbon, 
the  elongation  or  ductility  was  most  materially  increased  by  the 
aluminum ;  the  tensile  strength  was  reduced ;  the  edge  or  cutting- 
properties  remained  substantially  the  same.  In  order  to  ascertain 
the  relative  value  of  the  steels  for  springing-purposes,  they  were  very 
carefully  hardened  and  tested,  side  by  side,  in  the  form  of  wire.  The 
aluminum  appeared  to  make  the  steel  more  elastic  when  hardened. 
The  power  to  resist  sudden  shock  was  also  found  to  be  increased  by 
the  addition  of  aluminum,  and  the  same  was  true  of  its  effect  on 
the  torsional  resistance;  a  given  length  of  aluminum-steel  wire 
stood  very  many  more  twists  than  the  same  steel  without  aluminum. 
As  for  corrodibility,  my  results  have  proved  very  clearly  that  alu- 
minum, although  itself  not  readily  corroded  in  the  air,  tends  to 
increase  the  corrosion  of  steel  when  alloyed  with  it  in  small  quan- 
tities. With  regard  toelectricconductivity,  I  have  found  that, although 
aluminum  itself  is  a  good  conductor,  minute  quantities  of  it  in  steel 
increase  the  electrical  resistance  ;  for  example,  of  two  steels  having 
exactly  the  same  composition  excepting  that  one-tenth  per  cent,  of 
aluminum  was  added  to  one,  the  one  with  the  addition  showed  in 
successive  tests  an  increased  resistance  of  12  per  cent,  6.5  per  cent., 
and  6.8  per  cent. 

A  question  that  occurred  to  me  in  reading  Mr.  Hadfield's  admir- 
able paper  was  whether  the  comparatively  poor  results  he  obtained 
from  using  aluminum  iu  steel-castings  could  not  be  explained  by  the 
very  superior  quality  of  castings  which  he  almost  invariably  pro- 
duces in  the  ordinary  way.  Tiiere  are  many  founders  however,  who 
do  not  make  such  good  castings  as  those  of  Mr.  Hadfield,  and  for 
them  the  use  of  aluminum  would  appear  more  beneficial. 

The  important  point  is:  Does  the  aluminum  make  steel  more 
fluid  ?  To  answer  this  question  a  number  of  ex|)eriments  were  made, 
of  which  the  following  is  a  type.  A  piece  of  flat-iron  ^-inch  by  2 
inches  was  rolled  up  into  a  spiral  form,  and  used  as  a  pattern  from 
which  two  moulds  were  made.  These  were  placed  side  by  side,  and 
tvvosteels  from  the  same  source,  but  one  containing  aluminum  and  the 
other  not,  were  poured  at  the  same  time,  one  into  the  center  of  each 
mould.  The  soft  steel  which  had  the  adilition  of  aluminum  usually 
flowed  to  a  considerably  greater  distance  in  the  mould  than  the  non- 
aluminous  steel ;  but  on  the  other  hand,  whenever  the  metal  was 
naturally  sound  and  free  from  blow-holes  (free  from  oxide  of  iron 
or  carbonic  oxide),  such  as  dead- melted  high-silicon  steel,  that  which 
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contained  no  aluminum  flowed  the  greater  distance.  Again,  taking 
two  pieces  of  steel,  one  containing  aluminum  and  the  other  not,  and 
gradually  heating  them  in  a  crucible,  it  was  found  by  careful  obser- 
vation that  the  steel  containing  no  aluminum  began  to  melt  first. 
How  is  it  that  the  non-aluminous  steel  (if  naturally  sound)  flows  the 
longer  distance  and  melts  first,  but  that  a  naturally  fiery  steel  flows 
farther  with  than  without  the  addition  of  aluminum,  even  though  the 
latter  does  not  lower  its  melting-point?  In  my  opinion  it  is  because 
the  fiery  steel,  without  the  aluminum,  begins  to  froth  almost  as  soon  as 
it  enters  the  mould,  and  as  there  is  no  body  of  metal  and  accompany- 
ing heat  present,  it  sets  rapidly,  and  in  the  case  of  most  of  the 
non-aluminous  steels  tested  in  the  spiral  moulds,  it  prevented  the 
flow  of  the  still  fluid  metal  which  was  behind  it.  On  the  other 
hand  aluminum-steel,  being  perfectly  quiet,  and  as  I  have  said, 
usually  showing  the  longer  flow,  was  in  every  such  instance  found 
to  be  sound  to  the  very  end  or  point  where  it  had  stopped.  I  there- 
fore account  for  the  apparently  greater  fluidity  of  aluminum-steel 
by  its  greater  continuity  or  body,  which  allows  the  mass  of  metal  to 
pour  steadily  into  the  mould  and  flow  to  the  very  end  of  it  and  fill 
it  completely. 

The  same  thing  takes  place  in  the  Bessemer  ladle;  it  is  ray  expe- 
rience that  the  addition  of  aluminum  to  a  ladle  of  steel  tends,  if 
anything,  to  raise  the  melting  point,  but  the  chemical  action  of  the 
aluminum  in  eliminating  the  gases  results  in  a  dead  quiet  metal 
which  pours  readily  and  lies  solid  up  to  the  top  of  the  moulds. 

My  friends  in  Sheffield  have  been  very  kind  in  making  several 
confirmatory  experiments  for  me  in  this  direction.  Two  crucibles 
were  placed  in  a  fire  side  by  side,  each  with  a  charge  of  boiler-scrap 
containing  only  about  y^j  per  cent,  of  carbon.  Into  one  aluminum 
was  introduced,  but  not  into  the  other.  If  anything,  the  crucible 
containing  the  aluminum  was  the  last  to  melt — rather  differing  from 
the  trials  which  have  been  described  by  other  experimenters.  The 
aluminum  was  added  as  a  cold  alloy,  a  short  time  before  the  steel 
was  completely  melted.  This  naturally  checked  the  melting  just  as 
any  piece  of  cold  metal  added  to  a  steel  crucible  would  do;  in  both 
cases  however  the  steel  became  perfectly  fluid  and  both  were  poured 
into  ingot-moulds;  one  was  honey-combed  and  the  other  was  per- 
fectly sound.  The  trials  were  all  made  with  aluminum  made  by  the 
Aluminum  Company  of  London  and  Birmingham. 

E.  P.  Martin,  Dowlais,  South  Wales:  Mr.  Hadfield's  paper 
mentions  "that  these  special  steels  or  alloys,  such  as  silicon,  manga- 
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nese,  or  chromium  steel,  have  slight,  if  any,  welding-properties."  I 
should  be  glad  if  Mr.  Hadfield  would  add  any  information  which 
would  enable  us  to  increase  the  wclding-proix'rties  of  steel.  I  have 
always  thought — but  perhaps  mistakenly — that  the  presence  of  man- 
ganese assisted  .  considerably  in  making  the  ordinary  Bessemer  or 
Siemens  steel  weldable. 

P.  C.  GiLCHEiST,  London,  England  :  Two  or  three  years  ago  I 
made  some  experiments  with  alloys  of  iron  and  aluminum,  manga- 
nese and  carbon.  To  commence  with  the  purest  iron  I  could  get,  I 
took  as  the  material  to  which  the  aluminum  was  to  be  added  the 
iron  got  in  blowing  basic  metal  before  the  ferro  was  added.  I  was 
indebted  to  ISIr.  Seaman,  of  Sheffield,  for  melting  that  pure  iron  and 
pure  aluminum  to  make  the  various  alloys  of  iron  and  aluminum 
alone;  of  iron,  aluminum,  and  of  manganese ;  and  of  iron,  aluminum, 
and  carbon.  I  started  out  to  see  if  aluminum  would  rej)lace  man- 
ganese entirely,  that  is  to  say,  whether  it  would  take  away  the  red- 
shortness  of  the  iron  at  the  end  of  the  Bessemer  operation  or  at  the 
end  of  the  Siemens  operation,  and  I  found  that  it  would  not.  Iron 
and  aluminum  alone  would  not  work;  it  was  necessary  to  have  a 
small  amount  of  manganese.  The  presence  of  aluminum  would 
reduce  the  amount  of  manganese  that  was  required,  but  it  would 
not  replace  it  entirely.  That  is  all  I  am  prepared  to  say  from 
memory.  Other  points  I  can  bring  out  in  notes  that  I  will  send  to 
the  Secretary  for  publication.* 

Mr.  Hadfield  :  I  am  glad  to  know  that  Mr.  Stead  agrees  with 
me  as  to  the  material  described  in  the  paper  being  a  compound,  and 
not  an  alloy.  Mr.  Stead  considers  aluminum  to  act  more  power- 
fully than  silicon.  According  to  a  pamphlet  published  by  the  Alli- 
ance Aluminum  Company,  its  statement  seems  to  prove  the  contrary, 
viz.,  that  silicon  is  really  the  more  energetic  in  absorbing  gases, 
which  is  the  principal  point  to  which  a  steel-founder  looks. 

I  cannot  help  tliinking  that  if  it  were  possible  to  obtain  pure  sili- 


*  Mr.  Gilchrist's  notes,  subsequently  sent  in  for  publication,  are  appended: 

A  considerable  number  of  experiments  were  made  in  order  to  test  whAlier  and 
to  what  extent  manganese  could  be  replaced  in  ingot-iron  by  aluminum  without 
fear  of  red -shortness. 

The  alun)iniim  was  added  to  blown  metal  from  the  basic  converter. 

As  a  result  of  the  experiments,  it  was  shown  clearly  that  aluminum  has  no  influ- 
ence in  removing  or  preventing  red-shortness.  Its  action  on  the  mechanical  proper- 
lies  seems  to  be  to  increase  slightly  the  ultimate  tensile  strength,  at  the  same  time 
increasing  the  elongation. 

Samples  prepared  with  .2  per  cent.,  .5  per  cent.,  and  .7  per  cent,  of  aluminum  (the 
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con,  or  say  an  alloy  of  98  per  cent,  purity,  we  would  find  it  quite 
as  efficacious  as  aluminum,  but,  of  course,  such  an  alloy  is  practically 
unobtainable  at  present.  If  some  of  the  makers  of  aluminum 
would  try  also  to  make  pure  silicon,  seeing  that  silica,  the  base  with 
which  they  would  .start  in  the  manufacture  of  such  a  product,  is  so 
much  cheaper  than  alumina,  it  might  be  worth  while  to  investigate 
the  point. 

Mr.  Stead  also  considers  as  small  an  amount  as  0.1  per  cent,  of 
aluminum  quite  sufficient  to  produce  soundness.  Mr.  Keep,  of 
Detroit,  Mich.,  however,  who  has  made  many  experiments  on  the 
effect  of  aluminum  upon  both  cast-iron  and  steel,  considers  such  a 
small  proportion  quite  inadequate,  and  I  ieel  rather  inclined  to  agree 
with  him.     INIr.  Keep  says  that  as  much  as  0.75  per  cent,  would  be 

manganese  being  .10  per  cent.,  .19  per  cent.,  and  ,18  per  cent,  respectively),  all  re- 
fused to  roll.  A  sample  prepared  with  1.12  per  cent,  of  aluminum  and  .19  per  cent, 
of  manganese  rolled  well  ;  but  the  blown  metal  to  which  no  aluminum  was  added 
rolled  equally  well,  so  that  the  freedom  from  red-shortness  cannot  in  this  case  be 
attributed  to  the  presence  of  aluminum. 

To  show  the  influence  of  a  comparatively  high  percentage  of  aluminum  on  soft 
steel,  the  following  series  of  tests  mav  be  cited  : 


Sample. 

Analysis. 

Mechanical  Tests. 

Si. 

P. 

Mn. 

C. 

s. 

.04 
,05 

.033 
.033 

Al. 
1.12 

nil. 

2.75 
nil. 

Ultimate 

Stress  per 

Sq.  In. 

Elonga- 
tion in  8 
inches. 

Reduc- 
tion in 
Area. 

Remarks. 

A. 

.075 

.198 
.140 

.196 
.190 

.05 
.05 

.05 
.06 

Tons. 
(  31.0 
I  28.7 

Per  cent. 
24.3 

24.8 

Per  cent. 
67.4 
69.3 

As  rolled, 
annealed 

and 
quenched. 

B. 

Blown  metal 
to   which    Al 
was  added  in 
experiment. 



.040 
.061 

f  26.3 
\27.4 

20.0 
18.6 

69.9 
65.1 

As  rolled, 
annealed 

and 
quenched. 

a 

/35.0 
132.1 

12.9 
19.8 

30.7 
37.7 

As  rolled, 
annealed 

and 
quenched. 

D. 

Blown  metnl 
!0   wiiich    Al 
was  added  in 
experiment. 

.061 

f27.1 
132.1 

19.9 
16.4 

70.2 
52.5 

As  rolled, 
annealed 

and 
quenched. 
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requisite  to  secure  uniform  soundness,  and  if  so,  even  with  aluminum 
at  the  price  of  Qs.  (^1.50)  per  pound,  tliis  woukl  mean  an  incMx-ase 
in  tlie  cost  of  £4  (nearly  $20)  per  ton,  not  a  satisfactory  item  in  a 
steel-founder's  material-bill. 

In  regard  to  Mr.  Stead's  observation  that  fluidity  is  increased  by 
the  addition  of  aluminum,  I  think  his  own  explanation  should 
especially  be  borne  in  mind,  viz.,  that  his  experiments  were  with  re- 
ference to /roM^/  steel,  that  is,  steel  which,  to  start  with,  is  unsound. 
A  good  steel-founder  would  not  use  such  steel  to  put  into  his  cast- 
ings at  all,  apart  from  the  question  of  using  or  not  using  aluminum  ; 
so  that  Mr.  Stead  is  evidently  Kmking  at  it  from  quite  a  different 
point  of  view  to  that  of  a  steel -founder. 

As  to  Mr.  Martin's  inquiry,  it  is  certainly  my  opinion  that  the 
greater  the  percentage  of  foreign  elements  in  steel,  the  more  difficult 
it  becomes  to  weld.  My  own  observations  indicate  that  both  silicon 
and  manganese  hinder  good  welding-results,  that  is,  when  the  man- 
ganese is  in  excess  of  1  per  cent.  This  is  especially  proved  in  the 
manganese-steel  manufactured  by  our  firm  (Hadfield's  Steel  Foun- 
dry Company,  Sheffield),  containing  about  9  to  14  per  cent,  of 
manganese ;  it  is  practically  unweldable.  Even  the  electric-welding 
system  has  failed  to  make  a  satisfactory  weld,  though  Professor 
Thomson  informs  me  that  he  hopes  to  have  better  success  with  his 
later  machines;  but  in  any  case  much  difficulty  will  be  experienced. 

Speaking  of  electric  welding,  there  must  be  a  great  future  for  it, 
because  it  heats  the  material  in  quite  a  different  manner  from  the 
present  mode,  and  for  this  reason,  if  any  system  can  give  successful 
results  in  welding  these  special  alloys  or  compounds  of  iron  with 
manganese,  silicon,  chromium,  nickel,  etc.,  Professor  Thomson's  is 
the  most  likely.  But  yet,  I  think  that,  as  regards  steel,  the  more 
nearly  the  material  approaches  pure  iron,  the  better  the  weld,  and 
the  more  foreign  elements  that  are  j)resent,  the  more  difficult  will  it 
be  to  secure  good  results.  My  own  attempts  to  weld  aluminum- 
steel  have  been  unsuccessful,  although  the  samples  were  given  to  a 
clever  blacksmith,  who  did  his  ntmo.st  by  several  trials  to  attain  the 
desired  result. 

Discussion  Continued  by  Correspondence. 

Mr.  Thomas  Andrews,  F.R.S.  :  I  have  seen  with  great  interest 

the  admirable   paper  by   Mr.  R.  A.  Hadfield   on   aluminum-steel. 

There  can  be  no  doubt  that  aluminum  will  play  a  very  important 

part  in  the  metallurgy  of  steel  in  the  near  future.     I  am  at  present 
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engaged  in  studying  the  influence  of  aluminum  on  the  passivity  of 
steel,  in  course  of  my  research  on  the  passivity  of  iron  and  steel  for 
the  Royal  Society,  and  I  anticipate  some  interesting  results,  though  at 
the  present  juncture  it  would  be  premature  to  give  them.  The  high 
percentage  aluminum-steel  on  which  I  am  working  basso  far  shown 
somewhat  brittle  properties,  and  in  course  of  rolling  the  ingots  into 
small  bars  many  of  the  latter  have  been  broken.  It  has  so  far  also 
been  found  very  difficult  to  draw  the  small  rolled  rods  cold  through 
a  wortle.  Although  my  research  is  yet  incomplete,  I  may  perhaps 
say  that  the  aluminum-steel,  as  regards  its  passivity,  has  hithcito 
behaved  somewhat  differently  in  comparison  with  the  behavior  of 
ordinary  cast-steel,  Siemens,  Bessemer,  manganese-,  nickel-,  tungsten- 
aud  other  steels  ;  but  on  this  I  hope  to  have  more  to  say  when  my 
investigation  is  complete.  I  congratulate  Mr.  Hadfield  on  the  excel- 
lent and  valuable  results  he  has  already  obtained  in  connection  with 
the  study  of  aluminum-steel,  and  heartily  wish  him  every  success  in 
his  future  investigations. 

Mr.  F.  Osmond,  Paris,  France :  Mr.  R.  A.  Hadfield  has  studied 
the  action  of  aluminum  in  the  metallurgy  of  iron  in  the  admirable 
manner  that  characterizes  all  his  work.  His  researches  enable  in- 
dustrial questions  to  be  satisfactorily  solved  by  the  aid  of  the  exact 
processef  of  the  physical  sciences.  There  consequently  remains  but 
little  to  say  after  him;  and,  as  the  author  has  shown  in  his  paper,  I 
am  pleased  to  be  completely  in  accord  with  him  on  all  points  con- 
cerning which  I  have  been  able  to  form  an  opinion  of  my  own. 

From  an  industrial  point  of  view,  it  appears  to  be  well  proved 
that  aluminum  is,  like  silicon,  a  reducer  of  oxide  of  iron.  Anhy- 
drous silica,  obtained  from  amorphous  silicon,  is  formed  with  a 
liberation  of  219.24  calories,  according  to  Troost  and  Hautefeuille, 
and  aluminum  hydrate,  Al^Oj  -j-  SHjO,  is  formed  with  a  liberation 
of  391.6  calories,  according  to  Thomsen.  Hen(!e  it  is  deduced  that 
if  the  heat  of  hydration  of  the  alumina  (not  known,  and  probably 
very  insignificant)  is  neglected,  16  units  of  oxygen  liberate  109.6 
calories  on  combination  with  silicon,  and  130.5  calories  on  combina- 
tion with  aluminum.  Thus,  according  to  the  indications  of  thermal 
chemistry,  aluminum  is  a  still  more  energetic  reducer  than  silicon, 
not  for  equal  weights,  but  in  the  presence  of  the  same  quantity  of 
oxygen.  In  other  words,  aluminum  would  be  burnt  before  silicon 
in  intermolecular  combustions,  so  far  as  it  is  allowable  to  state  this 
without  more  complete  data.  In  such  case  there  would  be  a  slight 
advantage  in  favor  of  aluminum,  an  advantage,  however,  that  the 
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present  price  of  alnmimini,  in  spite  of  its  enormous  fall  (luring 
recent  years,  would  render  very  expensive. 

It  can  merely  be  asserted  that  aluminum,  when  met  with  in  steel 
in  small  quantities,  furnished  without  expense  by  the  hearth,  appears 
to  be  indicative  of  good  quality,  not  on  account  of  the  negligible 
influence  that  it  exercises  on  the  properties  of  iron,  but  as  evidence 
of  a  well-conducted  charge  on  the  open-hearth.  If,  in  fact,  an  ele- 
ment so  easily  oxidizable  has  been  able  to  retain  the  metallic  state, 
it  is  probable  that  the  bath  itself  has  experienced  the  minimum 
amount  of  oxidation,  and  has  yielded  sound  ingots. 

From  a  scientific  point  of  view,  the  samples  obtained  by  Mr. 
Hadfield  might  be,  and  have  already  been,  the  ol)ject  of  interesting 
researches.  If  the  curve  of  cooling  of  the  alloy  containing  5  per 
cent,  of  aluminum  is  examined,  and  compared  with  that  of  an 
extra  soft  steel  containing  nearly  the  same  percentage  of  carbon,* 
it  will  be  seen  that  the})oint  (1^3  is  wanting.  The  alumimun  thus 
maintains  the  iron,  for  the  most  part,  in  the  a-state  from  the  ordi- 
nary temi)erature  to  the  melting-|)oint.  This  explains  why  anneal- 
ing eflliects  no  notable  change  in  the  structure,  as  Mr.  Hadfield  has 
shown,  and  also  why  the  structure,  at  the  same  temperature  of 
annealing,  differs  completely  from  that  of  ordinary  mild  steel. 

For  the  same  reason,  if  a  sufficient  quantity  of  aluminum  is  added 
to  a  bath  of  molten  steel  which  is  in  the  /3-state,  the  /?-iron  will  be 
transformed  into  the  a-modification — a  change  which  liberates  a 
considerable  quantity  of  heat.  In  this  way  I  should  explain  the 
phenomenon  of  coruscation  observed  by  Mr.  Hadfield. 

If  my  interpretation  of  the  phenomena  is  accurate  in  all  points,  steel 
with  5  [ler  cent,  of  aluminum  should  present  another  curious  pecu- 
liarity— that  of  remaining  magnetic  at  all  temperatures.  This  is, 
however,  a  theoretical  deduction,  which  consequently  requires  to  be 
proved  by  experiment.  I  should  be  pleased  if  Professor  Barrett  or 
Dr.  Ho[)kinson,  who.se  former  researches  have  so  important  a  bearing 
upon  scientific  metallurgy,  would  direct  their  attention  to  thisquestion. 

Mr.  Had  field's  paper  also  brings  into  notice  the  (juestion  of  the 
determination  of  aluminum  in  iron.  This  presents,  at  least  in  so 
far  as  it  deals  with  very  small  quantities  of  aluminum,  a  difficult 
problem  in  analytical  chemistry  ;  and  I  have  good  reasons  for  believ- 
ing that  in  many  cases  the  aluminum  that  has  been  found  in  certain 
.steels   has    been    derived    from  the  glass    vessels    u-sed,   or    from 

*  Jaurnal  of  The  Iron  and  Steel  Inslilule,  1890,  No.  I.  p.  43,  Plate  III. 
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impurities  in  the  reagents.  A  general  paper  on  tliis  subject 
would  be  of  great  interest.  Personally,  I  have  had  occasion  only 
to  occupy  myself  with  the  matter  incidentally.  The  method  that  I 
adopt  is  as  follows:  The  steel  cuttings  are  first  heated  to  redness  in 
a  current  of  hydrochloric  acid  gas,  as  in  the  case  of  the  classic 
method  proposed  by  Boussingault  for  the  determination  of  silicon. 
When  the  steel  contains  aluminum,  this  element  remains  with  the 
silicon  in  the  white  residue,  in  which  a  certain  quantity  of  phos- 
phoric acid  also  remains.  The  weight  of  the  residue  gives  the  total 
of  the  three  substances.  The  silicon  alone  is  then  determined  by 
Drown's  method,  and  the  phosphoric  acid  is  determined  in  the 
residue.  The  methods  of  Boussingault  and  Drown  are  sufficiently 
accurate  in  the  hands  of  a  good  chemist  to  enable  the  alumina  to  be 
determined  by  difference.  Further,  the  presence  of  phosphoric  acid 
guarantees  that  of  aluminum,  and  it  is  always  possible  as  a  check 
to  separate  by  the  usual  methods  the  silica  and  alumina  in  the  residue 
obtained  by  Boussingault's  method.  All  the  iron  having  been  elim- 
inated, this  separation  demands  only  a  very  small  quantity  of  re- 
agents, and  can  be  made  with  precision,  provided  that  care  is  taken 
to  employ  exclusively  platinum  vessels  and  well-tested  reagents. 

Mr.  John  H.  J.  Daggar:  In  taking  part  in  this -discussion,  let 
me  first  thank  Mr.  Hadfield  for  his  very  interesting  sketch  of  the 
early  history  and  properties  of  aluminum  and  the  present-day  pro- 
cesses for  its  production,  and  then  let  me  enter  a  protest  against  any 
attempt  to  alter  its  name.  All  metals  discovered  in  modern  times 
have  been  given  I^atinized  names  terminating  in  -hivi,  the  non- 
metals  or  metalloids,  in  -ion,  and  in  accordance  with  this  accepted 
nomenclature,  silicmm  has  been  changed  to  silicon,  selenmm  to 
selenfo??,  both  these  elements  being  distinctly  non-metallic.  The 
objection  to  "alumina  "  will  hardly  stand  unless  one  is  ])repared 
also  to  accept  also  sod/a,  potass/a.  To  give  the  distinctly  metal- 
loidal  termination  -on  to  an  element  with  the  most  marked  character- 
istics of  the  metal,  totally  differentiated  from  the  metalloid  silicon, 
would  only  introduce  needless  confusion  into  chemical  nomenclature. 

According  to  Gautier,  ferro-silicon  has  been  used  for  some  years 
past  in  French  foundries  for  the  prevention  of  blow-iioles  in  steel 
castings,  and  much  has  been  done  to  extend  its  use  in  England  by 
the  work  and  experience  in  this  direction  of  Mr.  Turner,  Mr.  Had- 
field, and  others;  and  there  is  no  doubt  at  all  that  very  great  bene- 
fit has  been  derived  from  the  judicious  use  of  aluminum,  though  of 
course  steel  manufacturers  are  naturally  very  reticent  as  to  the  re- 
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suits  actually  obtained  ;  but  the  elaborate  and  careful  researches  of 
Keep  and  others  have  thrown  very  much  light  on  the  exact  influ- 
ence of  aluminum  on  cast-iron  and  the  limits  of  its  use,  and  repeated 
experiments  have  shown  that  it  is  equally  valuable  in  steel-manu- 
facture. In  an  experiment  brought  under  my  own  notice,  with 
basic  Siemens-Martin  steel,  the  tensile  strength  was  increased  from 
98,560  pounds  to  112,000  pounds  by  the  addition  of  0.2  per  cent, 
aluminum. 

Chemical  Action. — I  rom  my  own  experience  with  alloys  of  ajura- 
inum  and  iron,  I  have  scarcely  any  doubt  but  that  aluminum  com- 
bines chemically  with  the  iron;  the  addition  of  aluminum  to  molten 
iron  in  the  crucible  being  accompanied  by  phenomena  closely  resem- 
bling those  occurring  in  the  formation  of  the  copper  alloy. 

Fluidity. — The  extra  heat  evolved  during  the  union  of  the  two 
metals  is,  however,  in  my  opinion,  insufficient  to  account  for  the 
increase  of  fluidity  followed  by  rapid  setting.  The  experiment  by 
Mr.  Osmond,  quoted  by  Mr.  Hadfield,  disproves  the  theory  as  to 
the  lowering  of  the  melting-point.  The  great  affinity  of  alu- 
minum for  oxygen  renders  it  exceedingly  probable  that  Ledebur's 
theory  is  correct;  and  in  this  connection  aluminum  would  be  far 
superior  to  silicon.  One  word  as  to  the  affinity  of  silicon  and 
aluminum  for  oxygen.  The  point  bearing  upon  this  question  is  not 
the  weight  of  oxygen  which  will  combine  with  these  two  elements 
respectively,  but  the  readiness  with  which  oxidation   will  occur. 

Silicon  which  has  been  strongly  ignited  in  a  covered  crucible 
does  not  oxidize  in  the  oxyhydrogen  flame,  or  on  fusion  with 
nitre,  though  amorphous  silicon  readily  does  so.  Aluminum,  on 
the  other  hand,  absorbs  oxygen  readily  when  heated  above  its 
melting-point  in  contact  with  bodies  containing  oxygen,  and  will 
reduce  SiOa,  forming  AI2O3J  and  liberating  Si.  4A 1 -|- SSioj  =  2 
AlA  +  3Si. 

The  effect  of  aluminum  in  diminishing  hardness  is  doubtful. 
An  ingot  made  from  pure  aluminum  and  hematite-iron,  contain- 
ing 15  per  cent,  to  16  per  cent,  aluminum,  cast  in  the  chill,  was 
only  marked  by  the  file  with  very  great  difficulty,  great  force  being 
required  to  chip  it ;  the  fracture  was  close,  fine,  and  crystalline.  An- 
other sample  of  aluminum-steel,  containing  7  per  cent,  aluminum 
with  1  to  2  per  cent,  manganese,  will  just  scratch  glass. 

The  soft  nature  of  aluminum  itself  does  not  affect  this  question  ; 
for  its  addition  to  copper  gives  alloys  wiiich  are  glass-hard.  Its 
influence  on  iron  in  this  direction,  used  as  it  is  in  small  propor- 
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lions,  will  depend  entirely  upon  the  change  it  produces  in  the 
state  of  the  carbon  present. 

Magnetism. — Above  5  per  cent,  of  aluminum  rapidly  destroys  the 
magnetic  properties  of  iron,  and  some  time  ago  experiments  were 
carried  out  to  determine  whether  this  phenomenon  would  furnish  a 
clue  to  the  percentage  of  aluminum  present;  but  the  results  then 
obtained  were  not  precise  enough  for  quantitative  indications. 

The  action  of  aluminum  resembles  that  of  silicon,  and  is  probably 
as  fellows :  (a)  Its  action  on  the  combined  carbon.  (6)  Its  action 
on  dissolved  oxides  of  iron,  (c)  Decomposition  of  gaseous  and  solid 
compounds  of  carbon  and  hydrogen  entangled  in  the  molten  metal, 
and  possibly  also  of  brittle  combinations  of  carbon  and  iron. 

The  action  of  aluminum  is  more  certain  to  produce  sound  ingots 
than  the  use  of  silicon,  as,  indeed,  one  would  expect,  aluminum 
forming  a  true  alloy  with  the  iron,  an  alloy  being  taken  to  mean 
the  union  of  two  metals.  Silicon  alloy  is  a  misnomer,  though  often 
used  for  convenience;  silicon  is  not  a  metal. 

To  conclude,  Mr.  Hadfield's  paper  has  undoubtedly  proved  the 
great  value  of  aluminum  to  the  steel-founder,  and  contributed  much 
to  the  somewhat  meager  knowledge  of  aluminum-alloys.  In  his 
comparison  of  this  element  with  its  rival  silicon,  his  only  objection 
to  its  use  has  been  the  additional  cost.  From  my  own  knowledge  of 
the  use  of  aluminum,  I  can  only  repeat  that  the  more  certain  results 
obtained  with  smaller  amounts  of  aluminum  will  more  than  compen- 
sate for  the  extra  cost  in  the  finer  quality  of  castings  produced. 

M'.  Alexandre  Pourcel,  Saltburn,  England :  Although  Mr. 
Hadfield's  interesting  paper  on  aluminum-steel  does  not  solve  all  the 
obscure  points  relating  to  this  subject,  it  goes  a  long  way  towards 
explaining  the  action  of  aluminum  in  steel.  Professor  Ledebur,  of 
Freiberg,  was  the  first  to  contest  that  aluminum  lowered  the  melting- 
point  of  steel.  The  fluidity  that  is  imparted  to  steel  by  the  addition 
of  only  xoVo"  ^^  aluminum  is  due,  according  to  Professor  Ledebur, 
to  the  disappearance  of  every  trace  of  ferric  oxide  and  slag  from  the 
intermolecular  spaces,  under  the  energetic  influence  of  aluminum  as 
a  reducing  element.  In  my  opinion,  however,  the  cleanliness  of  the 
bath  is  not  the  only  cause  of  its  fluidity,  provided  that  manganese 
silicide,  possibly  also  clean  without  being  fluid,  has  been  added  to  the 
bath.  The  researches  of  Mr.  Osmond  prove  that  the  melting-point 
of  a  steel  with  5. GO  per  cent,  of  aluminum  is  at  most  25°  C.  lower 
than  that  of  an  extra  mild  steel  without  aluminum.     Professor  Lede- 
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bur's  opinion  is  thus  confirmed  by  experiment — aluminum  does  not 
lower  the  melting-point  of  steel. 

Besides,  however,  the  action  as  a  reducing-agent,  which  experi- 
ment proves  aluminum  to  have,  there  must  also  be  recognized  its 
action  as  a  calorific  agent.  In  this  connection  ]\[r.  Hadfield  does  not 
deal  with  the  question  in  its  true  light.  According  to  Bertholletjie 
points  out  that  the  change  of  the  unit  of  aluminum  into  AUO3 
liberates  7900  calories,  and  that  of  the  unit  of  silicon  into  Si02 
liberates  only  7800  calories.  The  difference  is  not  very  considerable, 
and  as  yT^nr  ^^  more  of  silicon  is  usually  added,  the  question  arises, 
why  a  more  fluid  metal  is  not  obtained  with  silico-spiegeleisen  than 
with  YWT^  ^^  aluminum?  The  confusion  made  by  Mr.  Hadfield, 
and  by  many  others  with  him,  is  to  attribute  the  same  calorific  power 
to  silicon  in  the  state  of  silico-spiegeleisen  or  manganese silicide — in 
fact,  in  an  alloyed  state,  as  in  the  state  of  purity.  This  is  an  error, 
a  grave  one,  which  I  pointed  out  ten  years  ago,  and  which  I  shall 
continue  to  emphasize  until  the  honor  is  done  me  to  discuss  seriously, 
after  reflection,  theo|)inions  I  set  forth  in  my  ])aper  on  the  applica- 
tions of  thermo-chemistry  to  metallurgical  reactions.  1.  The  calori- 
fic power  of  silicon  in  the  statq  of  alloy  cannot  attain  half  of  that  of 
pure  silicon  according  to  the  richness  of  the  alloy.  2.  As  the  alloys 
of  silicon  are  usually  employed  in  the  soli<l  state,  account  must  be 
kept  of  the  heat  absorbed  by  the  bath  to  melt  them,  or,  in  other 
words,  of  its  calorific  capacity.  3.  Lastly,  the  oxidation  of  the 
alloy  with  silicon  gives  rise  to  a  slag,  the  calorific  capacity  of  which, 
determined  by  the  researches  of  Professor  Gruner,  Sir  Lowthian 
Bell,  and  other  investigators,  greatly  exceeds  that  of  the  metal. 
Indeed,  it  may  be  asked  whether  the  total  of  these  intermolecular 
reactiolis  has  not  contributed  to  lower  rather  than  to  raise  the  tem- 
perature of  the  bath  of  metal. 

With  aluminum,  on  the  other  hand,  and  especially  with  commer- 
cially j)ure  aluminum,  containing  98  per  cent,  of  the  metal,  which 
is  employed  in  most  foundries,  and  which  melts  between  600°  and 
700°  C,  it  may  be  admitted  that  all  the  heat  liberated  by  its  change 
into  alumina,  or,  in  most  cases,  the  greater  part  of  this  heat,  is  added 
to  that  of  the  bath  of  steel.  There  is  a  re-heating  of  the  steel.  By 
utilizing  the  heat  added  to  a  bath  of  mild  steel  by  the  addition  of 
YoVu  of  pure  aluminum,  I  have  been  enabled  to  produce  recarbur- 
ized  steel  containing  chromium,  nickel,  or  tungsten,  in  which,  thanks 
to  the  fluidity  of  the  metal,  perfect  homogeneity  is  preserved. 

Mr.  J.  H.  Darby,  Brymbo  Iron  Works,  North  Wales:  As  far 
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as  my  experience  goes,  aluminum  is  useful  to  those  who  make  cast- 
ings for  themselves,  as  by  its  use  metal  of  almost  any  temi)er  can  be 
used,  and  the  castings  made  therefrom  in  the  majority  of  cases  do 
not  require  annealing,  and  with  very  little  care  in  teeming  are  quite 
sound.  No  doubt  excellent  castings  can  be  made  by  firms  who  work 
day  after  day  on  metal  suitable  for  castings,  but  where  a  charge  is 
only  occasionally  required,  a  small  addition  of  the  metal  aluminum, 
about  1  per  cent.,  enables  you  to  get  perfectly  sound  castings.  The 
metal,  however,  "pipes"  badly,  and  requires  a  large  head  to  feed 
the  castings  from.  The  great  disposition  to  "pipe"  in  metal  to 
which  aluminum  has  been  added  will,  in  my  opinion, always  prevent 
its  use  in  the  manufacture  of  solid  ingots.  I  have  seen  them  with  a 
considerable  hole  caused  by  contraction,  which  continued  for  three- 
fourths  of  the  length  of  the  ingot  from  the  top. 

Aluminum  is  useful  by  its  absence,  i.e.,  its  avidity  for  oxygen  con- 
tained in  the  steel  at  once  converts  it  into  alumina,  which  I  have 
frequently  picked  out  of  any  small  irregularities  that  may  exist  on 
the  surface  of  ingots  when  cool  where  aluminum  has  been  added 
to  the  steel.  The  ingots  are  so  marked  with  these  thiu  patches  of 
alumina  that  it  is  quite  distinctive,  and  it  is  not  to  be  confounded 
with  wash  off  the  mould.  In  foct,  there  is  just  as  much  on  ingots 
from  perfectly  clean  moulds. 

My  experience  goes  to  prove  ihat  there  is  practically  only  one  kind 
of  gas  absorbed  or  occluded  by  molten  steel,  and  that  is  carbonic 
oxide.  Remove  the  oxygen  completely,  as  is  possible  with  aluminum, 
and  the  metal,  Bessemer  or  open-hearth,  acid  or  basic,  is  perfectly 
quiet  and  absolutely  solid,  whether  hard  or  dead-soft. 

A  peculiarity  I  have  noticed,  and  am  not  quite  able  to  account  for, 
is  that  although  molten  steel  may  be  completely  deprived  of  oxide 
by  aluminum,  still  it  will  fall  to  pieces,  and  will  not  "  work,"  unless 
it  contains  a  small  percentage  of  manganese.  Possibly  in  the 
latter  case  the  small  percentage  of  sulphur  always  present  causes 
red-shortness. 

Mr.  W.  S.  Sample,  of  the  Metal  Reduction  Syndicate :  Since 
our  works  have  begun  the  manufacture  of  aluminum,  we  have  .sup- 
plied a  great  many  steel-makers,  and  by  their  continuing  to  use  the 
metal,  we  are  led  to  believe  that  they  are  getting  satisfactory  results 
by  its  use  in  steel  castings.  They  have  not  been  merely  trial-orders 
for  experiment,  as  orders  have  been  duplicated  and  increased.  The 
benefit  of  using  aluminum  is  not  confined  to  steel  for  castings  alone. 
A  careful  series  of  experiments  as  to  the  effect  of  aluminum  in  mild 
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open-hearth  steel  has  shown  that  tlie  addition  of  about  half  a  pound 
of  pure  aluminum  to  a  ton  of  steel  has  a  markedly  quieting  effect  on 
the  steel,  produces  sound  tops  to  the  ingots,  and  consequently  less 
percentage  of  scrap  in  rolling.  If  too  much  aluminum  is  added,  it 
will  cause  piping.  Professor  John  W.  Langley,  of  the  Crescent 
Steel  Works,  Pittsburgh,  Pa.,  allowed  me  to  say  on  his  l)ehalf  that 
the  saving  by  use  of  aluminum  is  such  that  no  steel-works  can  afford 
to  do  without  it,  at  the  low  price  at  which  it  is  now  sold.  Of  course, 
experience  is  a  great  factor  in  determining  how  the  aluminum  shall 
be  used.  The  aluminum  should  be  added  to  the  ladle  as  the  metal 
is  being  tapped  into  it.  Should  the  steel  be  very  ''gusy  "  or  "  wild  " 
in  the  ladle,  up  to  two  or  three  pounds  should  be  added  per  ton  of 
steel  in  order  to  quiet  the  metal,  and  for  such  "  wild"  heats,  alu- 
minum should  be  in  hand  at  every  furnace.  The  two  extremes  are 
too  much  and  too  little,  and  the  best  results  have  shown,  as  above 
stated,  that  half  a  pound  of  aluminum  per  ton  of  steel  will  save  far 
more  than  the  cost  of  the  aluminum  by  the  decrease  in  scrap  in  roll- 
ing. We  do  not  want  to  make  steel-makers  believe  that  aluminum 
is  a  panacea  for  all  the  ills,  but  when  so  many  users  are  continuing 
and  report  benefits,  it  is  very  good  testimony. 

Prof.  T.  Turner,  of  Mason  College,  Birmingham,  England:  I 
have  read  Mr.  Hadfield's  paper  with  great  interest,  and  feel  that  this 
last  contribution  greatly  increases  the  obligation  which  those  who 
are  interested  in  the  connection  between  tlie chemical  and  mechanical 
properties  of  iron  and  steel  already  owe  to  the  author.  Probably, 
however,  few  chemists  would  at  present  approve  of  the  suggested 
alteration  in  the  name  of  the  metal  aluminum,  even  if  it  were  prac- 
ticable, for  though  the  name  now  in  u^e  is  not  euphonious,  the  sug- 
gested change  would  class  aluminum  with  carbon,  boron  and  silicon, 
all  of  which  are  decidedly  non-metallic  in  character.  The  American 
termination  of  -um  is  perhaps,  on  the  whole,  the  best,  as  the  char- 
acteristic metallic  properties  of  aluminum  more  resemble  those  of 
ferrum,  cu{)rum,  aurum  and  argentum. 

The  close  resemblance  which  Mr.  ITadfield  has  shown  to  exist 
between  the  effect  of  silicon  and  aluminum  on  the  properties  of  iron 
and  steel  is  perhaps  the  most  important  outcome  of  his  researches, 
and  should  do  much  to  moderate  the  sanguine  anticipations  of  some 
inventors  who  claim  so  much  benefit  from  the  use  of  aluminum. 
Mr.  Hadfield  sent  me  some  samples  of  steel,  containing  various  pro- 
portions of  aluminum,  to  be  tested   for   relative  hardness    and   the 
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results  of  my  tests  fully  corroborate  the  statements  made  in  this 
paper,  that  little  or  no  real  hardness  is  conferred  by  aluminum. 

A  short  time  before  Mr.  Hadfield's  paper  was  written,  I  was  coa- 
sulted  in  connection  with  a  recently-introduced  process  for  pro- 
ducino;  aluminum-steel,  and  a  number  of  samples  were  submitted  to 
me  for  examination.  Some  of  these  were  beautifully  polished  and 
exhibited  a  most  brilliant  luster,  while  most  of  them  were  unusually 
hard.  It  was  believed  that  the  aluminum,  which  it  was  stated  these 
sanijjles  contained,  was  the  cause  of  the  unusual  luster  and  hard- 
ness, I  ventured  at  the  time  to  cast  very  serious  doubts  upon  this 
matter,  and  to  suggest  that  the  properties  above  mentioned  were 
such  as  could  be  accounted  for  by  the  known  composition  and 
method  of  production  of  the  steel  quite  apart  from  the  presence  of 
aluminum.  I  am  now  indebted  to  Mr.  Hadfield  for  the  more  com- 
plete and  exact  knowledge  furnished  in  his  paper,  which  confirms 
and  amplifies  the  views  on  this  matter  which  I  previously  expressed. 
So  far  as  our  knowledge  goes  at  present,  it  ajipears  to  me  that  the 
greatest  opening  for  the  application  of  aluminum  in  the  iron-trade 
is  for  special  purposes  in  the  foundry  for  producing  gray  iron,  and 
occasionally  in  steel  for  obtaining  soundness.  But  it  is  evident  that 
before  aluminum  can  be  of  much  use  to  the  iron  manufacturer,  the 
cost  of  production  must  be  even  further  consideraijly  reduced. 

Professor  J.  O.  Arnold,  Sheffield,  England  :  Mr.  Hadfield's  re- 
search must  be  regarded  as  a  most  valuable  addition  to  the  literature 
of  what  may  be  termed  the  pure  metallurgy  of  iron.  In  it  he  has 
shown  to  perfection  the  mechanical  effects  produced  by  the  addition 
of  varying  percentages  of  aluminum  to  wrought-iron  or  very  mild 
steel.  The  results  of  his  ex|)eriments,  however  interesting  from  an 
academical  point  of  view,  have  little  bearing  upon  the  commercial 
production  of  crucible-steel  and  steel  castings,  because  the  difficulty 
of  melting  and  teemins?  so  mild  a  material,  and  the  consequent  wear 
and  tear  of  refractory  material,  place  it  out  of  court  as  an  everyday 
product,  capable  of  being  manufactured  in  large  quantities. 

The  present  writer,  assisted  by  the  demonstrators  and  students  of 
the  Slieffield  Technical  School,  has  been  engaged  for  some  time  upon 
a  careful  investigation  of  the  eff'ects  of  aluminum  applied  to  the 
manufacture  of  tool-steel  and  steel  castings  as  produced  in  ordinary 
practice.  The  results  obtained  are  extremely  remarkable  and  inter- 
esting, and  will,  he  believes  inaugurate  a  new  departure  in  the  man- 
fa(!tui-e  of  such  steels.  The  deUiiled  results  of  the  research  will  form 
the  subject  of  the  inaugural  lecture  of  the  Sheffield  Technical  School 
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Metallurgical  Society,  but,  by  permission  of  the  Council  of  that 
body,  the  following  preliminary  and  abridged  statement  is  made  to 
the  Iron  and  Steel  Institute.  The  results  of  repeated  experiments 
have : 

(1.)  Fully  confirmed  Mr.  Had  field's  observations,  that  no  general 
rise  of  temperature  accompanies  the  addition  of  aluminum  to  molten 
steel,  but  that,  if  anything,  the  metal  is  rendered  less  fluid. 

(2.)  Induced  the  writer  to  dissent  altogether  from  Mr.  Hadfield's 
view,  that  the  action  of  aluminum  is  an  analogue  of  that  of  silicon. 
The  writer's  experiments  show  clearly  that  the  effect  of  even  small 
quantities  of  aluminum  in  producing  steel  free  from  blow-holes  is 
perhaps  the  most  remarkable  phenomenon  in  the  metallurgy  of  steel. 
Its  action  is  about  twenty  times  as  powerful  as  that  of  silicon,  and 
the  resultant  steel  is  far  superior  in  ductility  and  toughness  to  steel 
rendered  sound  by  the  addition  of  silicon;  when  due  precautions  are 
taken  to  avoid  the  danger  attending  its  use  mentioned  under  head- 
ing 4.     ( Vide  infra). 

(3.)  Proved  that  the  action  of  aluminum  is  almost  certainly  chem- 
ical. The  writer  has  not  yet  completed  this  branch  of  the  research, 
but  the  results  so  far  obtained  are  as  follows  : 

That  blow-holes  proper  are  due  to  the  non-oxidizing  occluded 
gases,  hydrogen,  carbonic  oxide,  and  nitrogen,  separating  (under 
a  pressure  of  many  atmospheres)  from  the  steel  just  prior  to  solidi- 
fication. It  has  been  proved  by  repeated  experiments,  made  in  a 
specially-constructed  tube-furnace,  that  metallic  aluminum  readily 
decomposes  carbonic  oxide  beloio  steel-melting  heat  with  the  formation 
of  alumina  and  free  carbon;  in  other  words,  the  most  powerful  re- 
ducing gas  known  to  metallurgists  acts,  in  the  case  of  aluminum,  as 
an  oxidizing  agent.  To  confirm  this  reaction,  under  the  exact  con- 
ditions of  steel -manufacture,  the  writer  blew  40  gallons  of  pure  car- 
bonic oxide  through  a  crucible  of  molten  steel  containing  aluminum, 
and  obtained  an  increase  of  35  per  cent,  on  the  carbon  present  be- 
fore passing  the  gas. 

(4.)  Indicated  that  the  addition  of  0.05  to  0.1  per  cent,  of  alum- 
innm  causes  mild  crucible  steel  (carbon,  0.5  per  cent.)  to  "pipe" 
freely,  the  cubic  capacity  of  such  pipe  representing  the  contraction  of 
the  liquid  metal  occurring  between  the  molten  and  pasty  conditions. 
In  the  case  of  "  blown  "  steel  no  such  piping  is  observed,  because 
the  separation  of  gas-bubbles  more  than  counterbalances  the  con- 
traction. In  both  ingots  and  castings,  piping  has  to  be  guarded 
VOL.  XIX. — 69 
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against  by  special  precautions,  which  will  be  dealt  with  in  the  main 
communication. 

The  writer  has  here  to  record  the  important  result  of  the  first 
practical  application  of  Sorby's  method  of  microscopically  examining 
steel.  It  will  be  obvious  that  steel  from  which  the  occluded  gases 
are  removed,  or  do  not  separate,  will  be  very  susceptible  to  linear 
contraction.  The  disastrous  effect  of  this,  in  the  case  of  castings  of 
certain  shapes,  firmly  imbedded  in  rigid  "  compo,"  is  well  known  to 
steel-founders  from  the  fact  that  such  castings  are  sometimes 
"  pulled  "  in  two. 

A  careful  microscopical  examination  of  the  phenomenon  of 
"pulling"  has  revealed  the  alarming  fact  that  incipient  pulling  may 
exist  which  is  quite  invisible  to  the  eye  even  when  aided  by  a 
powerful  hand-lens. 

Polished  test-pieces  were  turned  from  such  castings  which  ap- 
peared absolutely  free  from  flaws,  but  on  testing  they  stood  less 
than  half  the  maximum  stress  usually  associated  with  their  chemical 
compositions ;  and  the  fractures  showed  dark  patches,  some  of  them 
a  quarter  of  an  inch  in  diameter,  where  the  air  had  penetrated  and 
oxidized  the  crystals  through  microscopic  fissures  g-gVo  *^  loioo  ^^ 
an  inch  in  breadth. 

All  steel  which  has  been  unduly  strained  in  tension  whilst  hot  is 
permeated  with  these  fissures,  which  may  or  may  not  be  in  com- 
munication with  the  atmosphere,  but  which  in  any  case  weaken  the 
steel  to  a  great  extent.  How  far  these  conditions  may  obtain  in 
forgings  containing  parts  of  highly  unequal  mass  is  a  matter  for 
further  research.  Another  interesting  point  is  whether  or  not  the 
remarkable  increase  in  toughness  and  capability  of  resistance  to 
shocks  obtained  in  annealed  over  unannealed  castings  is  due  in  some 
measure  to  the  closing  up  and  welding  of  these  contraction-fissures. 

(5.)  Shown  that  the  addition  of  0.05  of  aluminum  to  higii-class 
crucible-steel  ingots,  cast  in  such  a  manner  as  to  avoid  the  evil  of 
"piping,"  will  bring  about  the  following  important  results: 

(a.)  Dispense  with  the  addition  of  manganese,  and  so  produce  the 
ideal  iron-  and  carbon-steel. 

(6.)  Do  away  with  the  necessity  of  "  wash-welding." 

(c.)  Save  25  per  cent,  of  the  time  and  fuel  respectively  occupied 
and  used  during  the  operation  of  "drilling,"  together  with  the  re- 
sultant saving  of  wear  and  tear  to  crucible  and  furnace.  A  pure 
steel,  lower  in  silicon  and  manganese  than  that  at  present  produced, 
will  thus  be  obtained,  with  a  saving  of  some  shillings  per  cwt. 
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Explanation  of  Photographs,  Showing  Complete  Elimin- 
ation OF  Blow- Holes. 

Fig.  5. —  2\ansversc  Fracture  of  Ingots, 

A.  Melted  from  LSS  converted  bar,  melted  with  0.6  per  cent,  and  80  per  cent, 
ferro-manganese.  Ingat  supposed  to  be"  killed."  No  piping  precautions.  Teemed 
"  fiery."     Composition  :     Cc.  0.99,  Si  0.14,  Mn  0.39,  S  0.02,  P  0.02. 

B.  Same  as  A,  with  the  addition  of  0.1   per  cent,  aluminum  five  minutes  before 

Fig.  5. 


pulling  out.  No  attempt  made  to  kill  the  steel,  and  no  precautions  taken  to 
prevent  "  piping."  Teemed  quite  "still."  Composition :  Cc.0.96,  Si  0.10,  MnO.42, 
SO-02,  P  0-02.     Aluminum  not  estimated. 

Fig.  6. — Ti\msverse  Fracture  of  Ingots. 
A.  Melted    from    LSS  converted  bar  without  addition    of  manganese,    without 
killing,  but  with  addition  of  0.1   per  cent,  aluminum  just  before  teeming,  and  pre- 
cautions   taken    to   prevent    piping   into   body    of  ingot   by  means   of  a   core   or 

Fig.  6. 


"  dozzler."     Teemed  quite  "  still."     Composition  :  Cc.  0.97,  Si  0.06,  Mn  0.05,  S  0.02, 
P  0.02.     Aluminum  not  estimated. 

B.    Same  as  A,  but  no  aluminum  added,  and  no  piping  precautions.      Teemed 
"  fiery."     Composition  :  Cc.  1.04,  Si  0.08,  Mn  0.06,  S  0.03,  P  0.02. 


Fig.  7. — Tensile  and  Bending  Test-Pieces  From  Dry  "  Compo  "  Castings. 
A.  Melted  from  Bessemer  spring-scrap  only.      Composition:  Cc.  0.62,  Si    0  27, 
Mn.  0.46,  S  0.11,  P  0.08. 
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Fig.  7. 


B.  Exactly  same  as  A,  but  0,1  percent,  aluminum  added  five  minutes  before  cast- 
ing.   Composition :  Cc.  0.64,  Si  0.29,  Mn  0.62,  S  0.10,  P  0.08,  Al  0.04. 

The  writer  hopes,  upon  some  other  occasion,  to  lay  before  the 
Institute  the  results  of  the  application  of  aluminum  to  open-hearth 
steel,  for  which  he  anticipates  a  great  future. 

Mr.  Le  Chatelier  :  Without  having  made  any  experiments 
with  the  alloys  of  iron  and  aluminum,  I  am  of  the  opinion  that  in 
respect  to  lowering  the  melting-point  of  iron  by  the  addition  of 
aluminum,  some  interesting  deductions  may  be  made  from  the 
general  laws  of  chemistry.  Metallic  alloys  behave  exactly  like 
mixtures  of  salts  per  se,  or  mixtures  of  salts  with  water,  that  is  to 
say,  solutions.  By  adding  to  a  salt  a  small  quantity  of  another  salt 
or  of  water — by  adding,  for  example,  a  small  quantity  of  salt  to  ice 
— the  melting-point  of  the  ice  or  of  the  salt  that  is  in  excess,  is 
a/ways  lowered.  For  mixtures  of  two  bodies  in  variable  propor- 
tion, for  example,  potassium  nitrate  and  sodium  nitrate,  the  curve 
of  the  melting-points  starting  from  the  pure  salts  (about  350°), 
gradually  descends  and  for  a  certain  intermediate  value  reaches  a 
minimum  (about  200°).  In  the  case  where  the  two  bodies  can  form  a 
stable  compound  of  definite  proportions  in  the  molten  mixture,  the 
form  of  the  curve  may  be  more  complicated,  a  cusp  in  the  curve 
being  formed  at  the  point  where  the  combination  occurs.  In  all 
cases,  however,  the  melting-point  of  each  of  the  two  bodies  is 
lowered  by  the  addition  of  a  very  small  quantity  of  the  other,  what- 
ever may  be  its  melting-{)oint.  Thus,  pota.ssium  sulphate,  which 
melts  at  1045°,  lowers  the  melting  point  of  ice. 

It  is  exactly  the  same  in  the  case  of  metals.  The  addition  of  a 
small  quantity  of  one  metal  to  another  always  lowers  the  melting- 
point  of  the  latter,  the  mixture  of  lowest  melting-point  being  the 
alloy  without  liquation.  The  cnrve  of  fusion  of  the  alloys  of  lead 
and  tin  is  analogous  to  that  of  the  mixtures  of  alkaline  nitrdtes. 
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The  alloys  of  platinum  and  tin  give,  on  the  other  hand,  a  minimum 
very  close  to  the  melting-point  of  tin,  but  always  lower  than  it.  It 
is  thus  certain,  without  experimental  evidence,  that  the  addition  of 
small  quantities  of  aluminum  to  steel  lowers  its  melting-point.  It 
is  merely  necessary  to  know  the  degree  to  which  it  is  loNvered.  This 
may  be  calculated  in  the  following  way  : 

The  lowering  of  the  melting-point  At  is  given  by  the  formula 

A.t=  KT?i, 
where  T  is  the  absolute  temperature  of  fusion  ; 

T  =  ^  +  273, 

or  1773  in  the  case  of  iron  ;  n  the  number  of  molecules  of  the  metal 
in  small  quantity  that  is  added  to  100  molecules  of  the  metal 
present  in  greater  quantity.  The  molecular  weight  of  aluminum  is 
27.5,  and  that  of  iron  is  28.  For  the  alloy  with  5  per  cent,  of 
aluminum,  the  value  of  n  is  therefore  equal  to  5.  Lastly,  the 
value  of  K  deduced  from  the  experiments  of  Messrs  Heycock  and 
Neville*  would  be  ^'^.  Whence  it  may  be  deduced  that  the 
lowering  of  the  melting-point, 

A^^ro^ocrX  1773X5  =  43°. 

This  calculated   result  does  not  differ  from  that  obtained  experi- 
mentally  by  Mr.  Osmond,  more  than  to  a  degree  compatible  with 

experimental  error. 

Mr.  Spencer,  of  Newburn  Steelworks,  Newcastle-on-Tyne,  Eng- 
land:* I  beg  to  enclose  results  of  experiments  on  the  use  of  alu- 
minum in  the  manufacture  of  steel  castings,  with  the  chemical  and 
mechanical  tests  of  the  same. 

In  conducting  the  experiment,  I  had  chiefly  in  view  the  effect  ot 
aluminum  on  the  prevention  of  blow-holes,  the  mechanical  test 
being  subordinate  though  important.  I  therefore  used  in  the  melt- 
ing-mixtures of  steel  such  as  come  to  hand,  as  would  be  done  m  a 
usual  way,.and  in  the  production  of  ordinary  steel,  as  distinguished 
from  "  steel  castings,"  and  the  methods  use<l  to  infuse  soundness 
into  them.  « 


*  Jmimal  of  the  Chemical  Society,  vol.  Ivii.,  pp.  376,  656. 
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The  result  has  been  satisfactory  in  every  instance,  so  far  as  sound- 
ness and  the  usual  attributes  of  a  good  casting  are  concerned, 
running  fluid  and  without  ebullition  into  sharp  clean  castings  • 
the  milder  mixtures,  when  tried  by  the  hammer-test,  breaking 
very  strong,  though  unannealed. 

The  chemical  reaction  of  the  aluminum  in  the  crucible  in 
presence  of  other  combinations  may  be  various,  but  reducing  the 
carbonic  oxide  and  preventing  blow-holes  is  the  chief  desideratum. 
In  clay  pots  the  aluminum  may  rest  upon  the  silica  reducing  it, — 
the  silicon  going  into  the  steel,  especially  in  presence  of  high 
carbon,  which  of  itself  generally  increases  the  silicon  contents  in  the 
steel  made  in  ordinary  crucibles. 

The  present  experiments,  however,  have  not  been  conducted  with 
the  nicety  needed  to  enable  a  scientific  analysis  to  be  made  of  the 
various  reactions  taking  place  in  the  different  mixtures;  but  it  will 
be  observed,  in  looking  over  the  analyses,  that  there  is  a  marked 
increase  of  silicon  in  presence  of  the  higher  percentage  of  aluminum 
and  carbon. 

All  the  low  carbons,  A  1,  4,  10,  13,  were  obtained  by  using 
Swedish  iron  alone,  as  also  A  7,  14,  15.  Though  A  7  with  carbon 
=  .28  per  cent,  has  a  tensile  strength  of  25.58  tons  per  square  inch, 
as  against  A  15  with  carbon  :=  .29  per  cent  and  23.62  tons,  it  may 
be  said  that  aluminum  has  increased  the  elastic  limit  and  tenacity 
by  2  tons  ;  but  it  will  be  noticed  that  silicon  is  .22  per  cent,  in  the 
former,  and  only  .074  per  cent,  in  the  latter,  which  may  partly 
account  for  the  difference. 

Unfortunately  several  of  the  specimens  for  mechanical  test 
have  had  slight  flaws  on  the  outside  or  circumference  of  fracture, 
vitiating  the  result  for  strict  comparison,  yet  the  elastic  limit 
remains,  to  enable  an  estimate  to  be  formed.  The  general  con- 
clusion, as  regards  the  mechanical  tests,  is,  that  though  possibly 
aluminum  may  increase  the  tensile  strength  and  elastic  limit 
slightly,  yet  this  is  done  at  the  expense  of  ductility  ;  atid  in  com- 
parison with  our  usual  steel  castings,  a  copy  of  tests  whereof  is 
annexed,  I  do  not  find  that  there  is  any  advantage  in  its  use  for 
increasing  the  strength  and  ductility  of  steel  castings^  but,  on  the 
contrary,  I  think  that,  in  the  presence  of  high  carbon,  it  is  dis- 
advantageous in  this  respect.  It  will  be  found  that  neither  the 
elastic  limit  nor  the  tenacity  are  in  any  case  more  than  can  be  ac- 
counted for  by  the  carbon  and  silicon  present ;  in  fact,  I  have  been  as- 
tonished that  they  have  com"  out  so  low. 
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The  carbons  of  A  6  and  9  are  higher  than  I  intended,  owing  to 
the  melter  not  having  allowed  for  carbon  in  the  alloy;  but  as  all 
the  analyses  as  well  as  the  mechanical  tests  are  given, a  general  com- 
parison can  be  made. 

I  am  having  another  mixture  made  in  place  of  A  15,  also  caused 
by  error  of  the  melter  in  mixing,  and  also  one  of  the  same  material, 
but  without  any  aluminum. 

The  first  mixtures,  A  1,  2,  3,  were  cast  into  castings  only,  with- 
out any  mechanical  test-pieces  being  taken. 

In  A  4  to  9  the  steel  castings  had  all  been  annealed,  according  to 
usual  practice,  before  it  was  thought  that  unannealed  test-pieces 
would  have  been  desirable  as  well  as  annealed. 

A  10  to  15  had  tests  made  from  both  unannealed  "  as  cast"  and 
also  from  annealed  ;  the  effect  of  the  annealing  may  be  interesting 
to  you. 

Below  are  tables  of  analyses  and  mechanical  tests,  together  with 
analysis  of  the  alloy  used. 

Explanation. 

Chemical  analysis  :  Eesiilts  are  given  in  per  cent. 
Mechanical  test:  Elastic  limit  in  tons  per  square  inch. 

"  Maximum  strain  in  tons  per  square  inch. 

"  Contraction  of  area  in  per  cent,  of  original  area  of  a  diameter  of 

.757  inch  on  the  average. 

"  Elongation  in  per  cent,  measured  on  the  length  of  3  inches. 

"  Flaiv  in  per  cent,  of  area  of  fracture  with  indication  of  position  : 

"  0.  as  on  outside  or  circumference  of  fracture  of  test-piece. 

"  i.  in  inside  of  fracture. 

Chemical  Analysis  of  Aluminum  Alloy. 

[June  14,  1887). 

Percent. 

Iron, 86-69 

Carbon  combined, 1.01 

"      graphite, l-Sl 

Total, 2.92 

Silicon, 2.40 

Manganese, .31 

Aluminum, 6.50 

Copper, 1-05 

Sulphur, none 

Phosphorus, 13 
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Materials  Used. 

^1 

p." 

c 

< 

Chemical  Composition 

DF  Metal  Cast. 

A. 

Lbs. 

Lbs. 

Lbs. 

C. 

Mn. 

Si. 

AL 

S. 

P. 

Cu. 

1 

56 

1 

.12 

traces 

.074 

.11 

.013 

.051 

10 

56 

1 

.10 

traces 

.06 

.12 

.015 

.04 

13 

56 

1 

.15 

traces 

.093 

.12 

.013 

.037 

14 

56 

1 

.25 

.045 

.093 

.12 

.013 

.037 

15 

56 

1 

.29 

traces 

.074 

.11 

.013 

.037 

4 

56 

2 

.15 

traces 

.084 

.19 

.013 

.038 

7 

56 

4 

.28 

traces 

.22 

.33 

.012 

.053 

2 

28 

28 

1 

.21 

.16 

.14 

.11 

.035 

.051 

.041 

11 

28 

28 

1 

.21 

.09 

.093 

.12 

.026 

.04 

5 

28 

28 

2 

.33 

.09 

.14 

.16 

.032 

.053 

8 

28 

28 

4 

.49 

.16 

.23 

.31 

.023 

.049 

3 

56 

1 

.53 

.25 

.28 

.11 

.05 

.062 

.•■ 

12 

56 

1 

.48 

.30 

.33 

.11 

.037 

.045 

6 

«.. 

56 

2 

.65 

.25 

.25 

.18 

.036 

.054 

... 

9 

56 

4 

.85 

.30 

.40 

.29 

.028 

.055 

A    1. 

56  lbs.  Swedish 

iron. 

1  lb.  alloy. 


A  2. 

28  lbs.  Swedish 

iron. 

28  lbs.  spring 

scrap. 

1  lb.  alloy. 

A3. 

56  lbs.  spring 

scrap. 

1  lb.  alloy. 


A  4. 

56  lbs.  Swedish 


2  lbs.  alloy. 


Analysis: 


c. 

Mn. 

Si. 

Al. 

S. 

P. 

.12 

traces. 

.074 

.11 

.013 

.051 

j  Mechanical  test  not  made. 
Casting :  Fluid  ;  ran  sound  into  small  castings. 
Remarks  :  Tough  and  malleable. 


Si. 

Al. 

S. 

P. 

Cu. 

.14 

.11 

.035 

.051 

.041 

C.  Mn. 

I  Analysis:         .21        .16 

1-  Mechanical  test  not  made. 

I  Ca.sting  :  Fluid  ;  ran  into  sound  small  castings. 

J  Remarks  :  Tough  and  malleable. 


C. 
.53 


Mn. 
.25 


Si. 
.28 


Al. 

.11 


'■  .Analysis  : 

j  Mechanical  test  not  made. 

Casting:  Fluid;  casts  sound. 

Remarks:  Hard  and  comparatively  brittle. 
C.  Mn.  Si.  Al. 

I  Analysis:  .15       traces     .084        .19 


.05 


.013 


P. 
.062 


P. 
.038 


Tensile :     Mark.  Elas.  L.  Max.  S.  Contr.      Elong. 

per  ct.      per  ct. 

Mechanical  test :    f  1159     10.9     21.8     37.17         27 

Annealed.         [neo       9.5     21.16  41.97         27 

Fractures  :  1159  Gray,  fibrous. 

1160  Gray,  crystalline,  12  percent,  of  area  of  frac- 
ture shows  slag  mixed  with  the  steel. 
Casting  :  Fluid. 
Remarks:  Castings  are  sound  and  tough. 
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A  5. 

2S  lbs.  Swedish       ^ 


28  lbs.  spring 
scrap. 
2  lbs.  alloy. 


Analysis: 


C. 
.33 

Tensile  : 


J 


Mechanical  test ; 
Annealed. 


Mn. 
.09 


Si. 
.14 


Al. 

.IG 


.032 


P. 
.053 


Mark.  Elast.  L.  Max.  S.  Contr.  Elong. 
per  ct.    per  ct. 

IIGI     10.41     26.28    43.3        32 


11(52     10.82    26.08    43.7 


Fractures:  1161  Dull  gray,  fibrous. 

1162      Do.  do. 

Casting  :  Fluid  ;  runs  sound. 
Remarks  :  Much  more  brittle  than  A  2. 


29 


A  6. 

56   lbs.  spring 
scrap. 


I  Analysis 


C. 
.65 

Tensile : 


Mn. 
.25 


Si. 
.28 


Al. 
.18 


S. 
.036 


P. 
.054 


2  lbs.  alloy.        J 


Mark.  Elast.  L.  Max.  S.  Contr.  Elong.  Flaw, 
per  ct.  per  ct.   per  ct. 
Mechanical  test:      r  1163     14.38     24.3      4.4      3.5        8-o 
Annealed.  11164     14.38     26.28    9.5      9.0        l-o 

Fractures  :  Both  are  granular,  dull  gray,  with  slight  radiat- 
ing crystalline  flaws  on  outside. 
Casting  :  Fluid  ;  runs  sound. 
Remarks  :  Unannealed  castings  are  brittle. 


A  7. 

56  lbs.  Swedish 
iron. 


4  lbs.  alloy. 


A  8. 

28  lbs.  Swedish 
iron. 

28  lbs.  spring 
scrap. 
4  lbs.  alloy. 


1  Anah 


C. 

.28 


Mn. 
traces. 


Si. 
.22 


Al. 
33 


S. 
.012 


P. 
.053 


J 


Tensile  :    Mark.  Elast.  L.  Max.  S.  Contr.  Elong.  Flaw. 

pel  ct.  per  ct.  per  ct. 

Mechanical  test :      fll05    12.20     25.56   .19.95    19.0    lO-o 
Annealed.  1 1166    11.31     25.58     19.95     185.     5-o 

Fractures :  Both  are  gray,  granular ;  some  flaw  on  outside, 
owing  to  imperfect  cohesion,  caused  by  film  of 
gas  or  slag. 

Casting :  Fluid  ;   sound. 

Remarks  :   Very  brittle  and  rotten  in  unannealed  casting. 


I  Analys 


C. 

.49 

Tensile  : 


Mn. 
.16 


Si. 
.23 


Al. 
.31 


S. 
.023 


P. 

.049 


Mark.  Elast.  L.  Max.  S.  Contr.  Elong.  Flaw, 
per  ct.  per  ct.  per  ct. 

Mechanical  test :      fil67     13.59     32.7       16.9       15      2.-0 
Annealed.  1 1168     13.18     32.47     22.28     15.5   2-o 

Fractures :  Both  are  gray,  granular,  and  have  small  flaw  on 

outside. 
Casting  :  Fluid  ;  runs  sound. 

Remarks  :   Unannealed  casting   broke   easily,  brittle  ;  close- 
grained  fracture. 
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A  9. 

56  lbs.  spring 
scrap. 


4  lbs.  alloy. 


Analysis ; 


c. 

Mn. 

Si. 

Al. 

S. 

P. 

.85 

.30 

.40 

.29 

.028 

.055 

i.  Tensile  :    Mark.  Elast  L.  Max.  S.  Contr.  Elong.   Flaw. 

I  per  ct.  per  ct.  per  ct. 

I      Mechanical  test;     fll69     15.87     40.67       4.4       4.5 

J  Annealed.  [  1170     15.74     21.87       2.6       2.5    lO-o 

Fractures:  1169  Dull   gray,  coarse,  granular;  broke  at  neck 
of  test-piece  ;  no  apparent  reason. 
1170  gray,   granular;  small  flaw   on   outside  of 
fracture. 
Casting  :  Ran  fluid  into  sound  castings. 
Eemarks  :  Annealed  castings  hard  and  brittle. 


A  10. 

C.           Mn.          Si. 

Al 

56  lbs.  Swedish 
iron. 

Analysis:          .10       traces.      .06 

.12 

[Tensile:  Mark.  Elast.  L. 

Max.  S 

1  lb.  alloy. 

Mechanical                   ,,0^110 
,    ,            As  cast  1189     11.2 
test: 

22.81 

.015 


P. 

.04 


Contr.  Elong.    Flaw, 
per  ct.  per  ct.  per  ct. 


37.1 
...      1190     11.6     22.81     37.1 

nealed}^^^^     9.72    20.48    60.1 
1202    9.97     21.16    30.35 
Fractures:  1189  Coarse  crystalline. 
1190  Crystalline. 

1201  Gray  fibrous. 

1202  Crystalline. 

Casting:  Fluid  ;  ran  into  sound  small  castings. 
Remarks :  Tough  and  malleable. 


25 

29.5 

38 

27 


A  11. 

C.          Mn.          SI.           Al. 

S.         P. 

28  lbs.  Swedish 

Analysis:          .21         .09         .093         .12 

.026       .04 

iron. 

Tensile  :  Mark.  Elast.  L.  Max.  S. 

Contr.  Elong. 
perct.   peret. 

28  lbs.  spring 
scrap. 
1  lb.  alloy. 

Mechanical     ^^^^^j^g^     j^  9     26.28 
test: 

1192     13.39  26.78 

14.48        13 
14.48        12 

^r,  1  1203    10.02  24.06 

50.39       33.5 

nealed 

1204     10.47  23.43      52.14       34 
Fractures  :  1191  and  11 92  Crystalline  ;  parts  show  lack  of  co- 
hesion, as  if  from  ga.s-film. 
1203  and  1204  Gray,  finely  fibrous. 
Casting:  Fluid  ;  ran  into  sound  small  castings. 
Remarks  :  Tough  and  malleable. 
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A  12. 

56  lbs.  spring 
scr.tp. 


1  lb.  alloy. 


Analysis: 


C. 

.48 


Mn. 
..30 


Si. 
.33 


Al. 
.11 


S. 
.037 


r. 

.045 


A  13. 

56  lbs.  Swedish 
iron.* 


1  lb.  alloy. 


A  14. 

56  lbs,  Swedish 
iron.* 


1  lb.  alloy. 


Tensile  :    Mark.  Klast.  L.  Mux.  S.  Contr.  Elong.  Flaw. 

per  ct.  per  ct.  per  ct. 

As  cast  1193       ...       17.68     1.3 


2 

18.19     ...  1 

29  6     10.0        9 


j  Mechanical 

I       lest:  ,        .„ 

...  1194       ...       18.19     ...  1      40-O 

An-    1 

nealed  -'  „  ,       o  r       o 

1206     14.38   35.7       9.5      8.5       2-o 

Fractures:  1193  Broke  at  neck  of  test-piece  owing  to  a  flaw; 

vesicular,  crystalline. 

1194  Vesicular,  crystalline;  small  (law  on  outs.de. 

1205  Granular ;   small  flaw  on  outside. 

1206  Granular;   small  flaw  on  outside. 
Casting :  Fluid  ;  ran  into  sound  castings. 

Kemais  :    Unannealed,  comparatively  brittle  and  hard. 


I   Analysis ; 


C. 
.15 


Mn. 
traces. 


Si. 
.093 


Al. 
.12 


Tensile :  Mark.   Elas.L.    Max.S. 


I  Mechanical 
J         test: 


As  cast  11 95 

1196 
An- 
nealed 


1 1207 
1208 


12.4 
11.9 
9.97 
9.92 


22.8 
22.8 
20.44 
20.33 


s. 
.013 

Contr. 
pr.ct. 

30.73 

37.17 

61.26 

64.66 


P. 
.037 

Elon.  Flaw, 
pr.ct.  pr.ct, 

26.5 

25 

38 

38 


Fractures:  1195  and  1196  Gray,  crystalline. 

1O07  and  1208  Gray,  fibrous. 
Casting  •      Fluid  ;  ran  into  sound  small  castings. 
Remarks  :  Tough  and  malleable  before  anneahng. 


}  Analysis 

1 
1- 

I  Mechanical 
J         test : 


C. 
.25 


Mn. 
.045 


Si. 
.093 


Al. 
.12 


s. 
.013 


P. 

.037 


Tensile  :  Mark.   Elas.L.    Max.S. 


As  cast  1197 

...       1198 

An-    \l209 
nealed.  I 

1210 


12.12 

12.96 

9.39 

9.47 


22.23 
21.94 
22.75 
22.93 


Contr.    Elon.  Flaw, 
pr.ct.  pr.ct.  pr.ct. 

7.84       6.5 


9.04 
52.94 
56.14 


6.5 
31.0 
32.5 


2-L 


Fractures:  1197  and  1198,  60  per  cent,  of  area  are  gran  lar, 
Fractures  ^^  ^^^  ^^^  ^^^^^^  ^^^^^^j^_.^  ^^^^  crystalline 

near  outside  and  of  a  duller  color,  appear- 
ing to  have  a  diflerent  composition  to  rest  of 
fracture,  and  show  that  a  film  of  gas  may 
have  prevented  cohesion. 
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1209  and  1210.     Fine  fibrous,  gray. 

1210  has  a  small  flaw  on  inside  of  fracture. 
Casting:   Fluid  ;  ran  into  sound  small  castings. 


A  15. 

C.       Mn. 

Si. 

AI. 

S. 

P. 

5  lbs.  Swedish 

Analysis :         .29   traces. 

.074 

.11 

.013 

.037 

iron.* 

Tensile  :  Mark. 

■ 

Elas.  L. 

Max.S. 

Contr. 

Elon. 

Flaw. 

pr.  ct. 

pr.  ct. 

pr.  ct. 

1  lb.  alloy. 

Mechanical     ^^ca.stll99 
test: 

1200 

12.3 

24.11 

10.25 

9. 

9.9 

22.81 

12.02 

7. 

15-0. 

^"  ,  \  1211 
nealen  j 

9.55 

23.62 

39.9 

34.5 

...        1212 

9.35 

23.62 

47.8 

33.0 

Fractures:  1199,  70  per  cent,  of  area  is  granular,  30  per  cent. 
coarse ;  crystalline  of  dull  color. 
1200,  70  per  cent,  of  area  is  granular,  15  per  cent, 
coarse;  crystalline  of  dull  color,  with  large 
flaw  on  outside.  The  large  crystals  appear  of 
different  composition  to  rest  of  fracture,  prob- 
ably because  a  film  of  gas  prevented  cohesion 
when  crystallization  was  taking  place. 
1211,  1212,  fine,  fibrous,  gray. 

Casting:      Fluid  ;  ran  sound  into  small  castings. 

Remarks  ;  Hard  and  brittle  when  unannealed. 

The  mechanical  te.sts  of  the  samples  A  4  to  A  15  inclusive  are 
tabulated  on  the  next  page,  under  the  headings  "As  Cast  "and 
"  Annealed,"  for  more  convenient  study. 

*  This  is  entirely  of  Swedish  iron;  carbon-content  altered  by  addition  of  more 
or  less  "hard  cemented  bar." 
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As  Cast. 


10 

II 

13 
(I 

11 

t( 

14 
t( 

15 

(( 

12 

(( 

4 

(( 

5 

u 

6 

II 

7 


Mix- 

Chemical Analysis. 

ture. 

1 

A. 

Al. 

C. 

Si. 

10 

.12 

.10 

.06 

(1 

(1 

a 

13 

.12 

.15 

.093 

(1 

11 

(1 

It 

11 

.12 

.21 

.093 

(( 

i( 

(1 

It 

14 

.12 

.25 

.093 

(( 

(1 

(( 

(( 

15 

.11 

.29 

.074 

(• 

(( 

i< 

It 

12 

It 

.11 

(1 

.48 
it 

.33 

Mechanical  Tests. 


.12 

.12 

(I 

.12 

i( 

.12 

(t 

.11 

(( 

.11 

It 

.19 

.16 

ti 

.18 

.33 

i< 

.31 

« 

.29 


.10 
ii 

.15 

(1 

.21 

(> 

.25 

i( 

.29 
t( 

.48 
(1 

.15 
I. 

.33 

ti 

.65 

« 

.28 

11 

.49 

II 

.85 


Maxi-      Contrac- 


Mark     V-     •*        mum  iion, 

*  Limit,    strength.    Per  cent. 


.06 

II 

.093 
11 

.093 

II 

.093 

K 

.074 
u 

.33 

11 

.084 

II 

.14 

II 

.28 
ii 

.22 
i( 

.23 

II 

.40 


1189 
1190 
1195 
1196 
1191 
1192 
1197 
1198 
1199 
1200 
1193 
1194 


11.2 
11.6 
12.4 
11.9 
11.9 
13.39 
12.12 
12.96 
12.3 
9.9 


22.81 

22.81 

22.8 

22.8 

26.28 

26.78 

22.23 

21.94 

24.11 

22.81 

17.68 

18.19 


Annealed. 


1201 

1202 

1207 

1208 

1203 

1204 

1209 

1210 

1211 

1212 

1205 

1206 

1159 

1160 

1161 

1162 

1163 

1164 

1165 

1166 

1167 

1168 

1168 

1170 


9.72 

9.97  ; 

9.97; 

9  92t 

10.02  i 

10.47 

9.39 

9.47 

9.55 

9.35 

14.3 

14.38 

10.9 

9.5 

10.41 

10.82 

14.38 

14.38 

12-2 

11.81 

13.59 

13.18 

15.87 

15.74 


20.48 

21.16 

20.44 

20.33 

24.06 

23.43 

22.75 

22.93 

23.62 

23.62 

29.6 

35.7 

21.8 

21.16 

26.28 

26.08 

24.3 

26.28 

25.56 

25.58 

32.7 

32.47 

40.67 

21.87 


37.1 
37.1 
30.73 
37.17 
14.48 
14  48 
7.84 
9.04 
10.25 
12.02 


Elonga- 
tion, 
Per  cent. 


25.0 

29.5 

26.5 

25.0 

13.0 

12.0 

6.5 

6.5 

9.0 

7.0 


60.1 
30  35 
61.26 
64.66 
50.39 
52.14 
52.94 
56.14 
39.9 
47.8 
10.0 
9.5 
37.17 
41.97 
43.3 
43.7 
4.4 
9.5 
19.95 
19.95 
16.9 
22.28 
4.4 
2.6 


Flaw. 
Per  cent. 


see  note 


15-0. 

see  note 

40-0. 


38.0 
27.0 
38.0 
38.0 
33.5 
34.0 
31.0 
32.5 
34.5 
33.0 
9.0 
8.5 
27.0 
27.0 
32.0 
29.0 
3.5 
9.0 
19.0 
18.5 
16.0 
18.5 
4.5 
2.5 


2-1. 


2-0. 
2-0. 


8-0. 

1-0. 

lO-o. 

5-0. 

2-0. 

2-0.     I 

see  note 

lO-o. 


0.  indicates  position  of  flaw  as  on  outside  or  circumference  of  test-piece. 
i.  indicates  position  of  flaw  in  inside  of  fracture. 
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The  following  records  of  tests  of  castings  of  Newburn  mild  steel, 
passed  under  Lloyds'  and  Board  of  Trade  survey,  are  here  given  for 
comparison. 


Mark  of  test 

O705 
.753 

O706 

.757 

O707 
.759 

O708 
.760 

O709 
.755 

O710 
.755 

Size  of  specimen,  inches 

Original  area,  .«q.  in 

.4453 

.4500 

.4524 

.4536 

.4476 

.4476 

Fractured  area,  sq.  in... 

.2551 

.3318 

.2827 

.1809 

.1734 

.1590 

Permanent  set  induced, 

tons  per  sq.  in 

17.54 

17.36 

16.77 

16.23 

11.47 

14.47 

Maximum   strain,   tons 

per  sq.  in 

27.5 

27.2 

26.6 

26.06 

24.9 

26.9 

Contraction  of  area,  per 

cent 

42.7 

26.2 

37.5 

60.1 

61.2 

64.4 

Elongation  in  length  ol 

6^%  per  cent 

23.5 

31 

Elongation  in  length  of 

4^^,  per  cent 

25 

•  22 

26 

30 

33 

37 

Appearance  of  fracture, 

silkv,  per  cent 

100 

100 

100 

100 

100 

Appearance  of  fracture, 

fibrous,  per  cent 

■  ■• 

Appearance  of  fracture. 

fine  granular,  per  ct.. 

100 

... 

... 

Appearance  of  fracture, 

cr}'stalline,  per  cent.. 

... 

... 

Mark  of  test 

0781 
.763 

0782 
.762 

0783 
.763 

0784 
.764 

0785 
.765 

0786 
.764 

Size  of  specimen,  inches 

Original  area,  sq.  in.... 

.4572 

.4560 

.4572 

.4584 

.4596 

.4581 

Fractured  area,  sq.  in... 

.2083 

.2231 

.3247 

.3247 

.3216 

.3444 

Permanent  set  induced. 

tons  par  sq.  in 

12.21 

12.35 

15.02 

16L36 

17.00 

16.72 

Maximum   strain,    tons 

per  sq.  in 

23.81 

25.84 

28.10 

28.34 

28.10 

28.15 

Contraction  of  area,  per 

cent 

54.44 

51.07 

28.98 

29.16 

30.02 

24.92 

Elongation  in  length  of 

2'^,  per  cent 

38 

85 

22.5 

25 

21 

21 

Elongation  in  length  of 

1''^,  per  cent 

55 

50 

28 

36 

26 

29 

Appearance  of  frsicture. 

silkv,  per  cent 

100 

100 

100 

100 

100 

25 

Appearance  of  fracture. 

fibrous,  per  cent 

... 

... 

Appearance  of  fracture, 

fine  granular,  per  ct.. 

... 

75 

Appearance  of  fracture. 

crystalline,  per  cent.. 

... 
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Tests  of  Castings  of  Newburn  Mild  Steel- Continued. 


Aiflrlr  nf  tpst     

0277  0 
.539 
.2281 
.1963 

15.65 

42.07 

14.02 

24 

... 

02782 
.2529 
.2197 
.1385 

23.36 

37.59 

36.9 

20 

02773 
.532 

.2264 
.1320 

21.69 

37.49 

41.6 

25 

02775 
.537 
.2264 
.1194 

21.69 

40.42 

47.2 

24 

02776 
.575 
.2596 
.1661 

17.15 

40.41 

36.01 

19 

... 

O2780 
.537 
.2222 
.1520 

20.09 

52.27 

31.5 

19 

Size  of  specimen,  inches 
Original  area,  sq.  in..  .. 
Fractured  area,  sq.  in  .. 
Permanent  set  induced, 

Maximum   strain,   tons 

Contraction  of  area,  per 

Elongation  in  length  of 

Appearance  of  tracture. 

Appearance  of  fracture, 
fibrous,  per  cent 

Appearance  of  fracture, 
granular,  per  cent 

Appearance  of  fracture, 
crystalline,  per  cent.. 

02875 
.76 
.4536 
.3421 

19.68 

50.68 

24.5 

•  !  14 

03151    1  03152      03232 

03258       03256 

Size  of  specimen,  inches 
Original  area,  sq.  in..... 
Fractured  area,  sq.  in... 
Permanent  set  induced 

.55 

.2375 

.1963 

14.84 

44.17 

.554 
.2410 

.1885 

15.37 
37.06 

.045 

.2315 
.1520 

23.14 

42.42 

34.3 

21.5 

100 

.2341 
.1885 

17.16 

43.56 

19.4 

16 

100 

.2448 
.1963 

20.45 

Maxinunn   strain,  tons 

41.5 

Contraction  of  area,  pei 

17.3          21.7 
10             22 

19.8 

Elongation  in  length  of 

16 

Appearance  of  fracture 

1  40 
60 

50 
50 

Appearance  of  fracture 
fibrous,  per  cent 

Appearance  of  fracture 
finely  granular,  per  ( 

Appearance  of  fracture 
crystalline,  per  cent 

100 

rNoTE   BY   THE  SECEETARY   OF  THE  AMERICAN  INSTITUTE   OP 

MINING  ENGINEERS.-In  the  -liscu.sion  of  Mr.  Ha.lfie  d's  paper, 
as  originally  printed  and  as  furnished  to  me  for  pnbl.oat.onn,  tins 
tolnme,  and  Lo  in  the  version  published  in  the  Jo^™./  of  tke  Iro. 
an  StellnsfUuicmA  received  by  me  while  these  pages  were  m 
;:i:Lre  are.  a't  this  place,  two  additional  tables  o,  teste  of  ..st- 
ings  of  Newbcrn  mild  steel,  which  appear,  upon  exammatmn,  to  be 
merely  carelessly.made  duplicates  of  those  given  on  page  1102.  ihe 
marks  of  the  test-pieees  are  the  same,  and  the  figures  correspond  so 
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nearly  as  to  make  it  certain  that  the  same  tests  are  meant  to  be  re- 
corded, the  few  discrepancies  being  evidently  clerical  or  typographi- 
cal errors.  There  are  also  the  following  differences  in  the  first 
column  of  the  table:  Instead  of  "Maximum  strain,  tons  per  square 
inch,"  as  on  page  1102,  the  term  "  Ultimate  strength  "  is  employed  ; 
instead  of  "Permanent  set  induced"  etc.,  the  term  "Elastic  limit;" 
and  the  appearance  of  fracture  is  somewhat  differently  (and  less 
fully)  stated. 

Under  the  circumstances,  I  have  felt  justified  in  assuming  the 
tables  on  page  1102,  which  correspond  in  form  with  those  on  page 
1103,  to  be  the  authentic  ones,  and  I  have  therefore  omitted  the 
others,  as  likely  only  to  perplex  the  reader. 

It  may  be  permissible  to  say  here  that  great  care  has  been  exer- 
cised in  editing  all  the  papers  published  in  this  volume,  and  that 
with  regard  to  those  of  American  authors,  the  version  here  given  is 
the  correct  one,  while  in  some  cases  the  same  papers  or  discussions, 
as  presented  in  the  Journal  of  the  Iron  and.  Steel  Institute,  vol.  ii., 
1890,  contain  errors,  the  correction  of  which  did  not  reach  London 
in  time  to  be  made  before  the  printing  of  the  sheets  of  that  volume. 

With  regard  to  the  papers  of  English  authors  which  are  pub- 
lished in  this  volume  by  the  courtesy  of  the  Council  of  the  Iron  and 
Steel  Institute,  I  have  had  in  most  cases  the  advantage  of  the  copy 
in  the  Journal  of  the  Iron  and  Steel  Institute,  besides  corresponding 
directly  with  the  authors  and  with  every  one  who  took  part  in  the 
discussions.  By  the  aid  of  the  co-operation  thus  secured,  I  have 
been  able  to  rectify  a  number  of  inaccuracies  of  statement,  and  more- 
over, I  have  caused  the  text  to  be  carefully  revised  and  all  obvious 
typographical  errors  to  be  corrected. — R.  W.  R.] 

Mr.  Hadfield:  It  is  with  great  pleasure  that  I  note  Professor 
Arnold's  able  contribution.  As  his  results  may  be  termed  the  first 
fruits  of  the  working  of  our  metallurgical  branch  of  the  Sheffield 
Technical  School,  those  who  have  watched  its  development  with 
much  interest,  feel  their  view  strengthened  and  confirmed,  that  a 
systematic  study  of  metallurgy,  just  as  such  study  in  other  directions, 
is  absolutely  necessary  to  keep  us  abreast  of  the  rapid  growth  of  our 
competitors  abroad. 

There  are  several  points  upon  which  I  must  differ  from  Professor 
Arnold  ;  but  it  is  difficult,  in  a  brief  reply  like  this,  to  cover  the 
ground  he  has  touched  upon,  which  comprises  so  many  important 
questions. 
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It  seems  to  me,  that  the  experiments  quoted  principally  deal  witli 
crucible- steel ;  whatever  may  be  the  application  of  the  crucible  pro- 
cess to  tool-steel,  it  is  for  many  reasons  much  less  suitable  for  the 
manufacture  of  steel  castings  on  a  large  scale.  For  other  processes, 
whilst  in  some  instances  aluminum  may  be  employed  advantageously, 
still,  notwithstanding  the  results  quoted  by  Professor  Arnold,  I  am 
inclined  to  believe  that  its  use  in  the  large  majority  of  cases  is 
superfluous.  Great  stress  is  laid  upon  the  fact  of  producing  sound 
steel  ;  now  I  believe  I  shall  have  with  me  the  majority  of  steel- 
founders  in  saying  that  this  is  not  so  much  the  difficulty  nowadays; 
it  is  the  manipulation  of  the  steel  after  its-manufacture  that  is  so 
much  more  important.  For  Instance,  the  unsound  sample  as  shown 
by  Professor  Arnold,  would  naturally  be  quite  useless  for  castings, 
and  apart  from  and  without  the  use  of  aluminum,  no  steel-founder 
would  think  himself  competent,  or  if  he  did  he  would  not  find  cus- 
tomers, unless  able  to  j)r(;duce  sound  steel  for  his  moulds. 

Then,  apart  from  the  crucible-process,  all  the  saving  shown  by 
Professor  Arnold  would  not  apply.  For  example,  in  Siemens  steel 
the  addition  of  aluminum  would  not  offer  the  incidental  gains 
pointed  out,  such  as  the  saving  in  coke,  wear  and  tear  of  the  melting- 
plant,  etc. ;  therefore,  the  question  is  much  more  narrowed  down. 

Then,  as  to  feeding  the  pij^ing  with  "settling-  or  shrink-heads," 
that  is,  of  necessity,  a  common  practice  with  every  steel-founder. 
There  is  no  reason  why  the  same  system  should  not  be  applied  to  the 
manufacture  of  ingots,  whether  large  or  small. 

As  to  the  bearing  of  my  paper  upon  ])ractical  results,  I  can  only 
say  that  at  our  own  works  the  knowledge  gained  by  the  series  of 
experiments  which  I  have  had  the  privilege  of  laying  before  this 
Institute,  from  time  to  time,  comprising  the  effects  of  manganese, 
silicon,  and  aluminum  u})on  iron,  has  l)een  of  great  value  to  my 
firm,  and  I  venture  to  hope  it  has  been  so  toothers.  That  such  alloys 
have  been,  as  far  as  practicable,  carbonless,  was  one  of  the  express 
aims  in  all  the  experiments.  To  introduce  high  carbon,  such  as 
Professor  Arnold  has  experimented  with,  would  have  been  no  service 
from  a  steel-founder's  point  of  view.  As  every  steel- founder  knows, 
the  difficulty  in  gottii}g  hard  steels  sound  is  not  great,  even  without 
the  use  of  aluminum ;  in  fact,  the  specimens  shown  by  the  photographs 
seem  to  be  below  the  average  of  even  crucible  tool-steel.  That  good 
steel  has  been  made  in  Sheffield  for  the  })ast  fifty  years,  and  with  the 
crucible-ingot  trade,  goes  without  saying. 

Referring  now  to  Professor  Arnold's  different  summaries — first, 
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he  says  he  agrees  with  rae,  "  that  no  general  rise  of  temperature  accom- 
panies the  addition  of  ahiminnm."  What  I  said  was  that  no  lowering 
of  the  fusion-point  takes  place.  I  believe  this  is  what  he  means  to 
convey,  and  it  is  to  be  hoped  that  now,  with  the  general  opinion  of 
practical  steel-makers  confirmed  by  such  well-known  scientists  as 
Professors  Osmond,  Ledebur,  Roberts-Austin,  and  others,  the  last 
has  been  heard  of  the  misleading  statements  circulated  so  largely 
that  aluminum  lowers  the  melting-point  of  iron  ."several  himdred 
degrees.  I  would  specially  say  that,  from  some  recent  experiments 
with  the  Le  Chatclier  pyrometer  on  molten  steel,  it  is  quite  possible 
that  the  difference  between  fluid  and  pa.sty  steel  may  not  mean  any 
great  rise  or  fall  in  the  temperature;  therefore,  the  calorific  effect 
of  the  oxidation  of  aluminum  to  AI2O3  when  added  to  molten  steel, 
even  if  only  a  few  degrees,  might  render  the  metal  more  fluid  for  a 
short  time;  but,  in  any  case,  this  must  certainly  not  be  ascribed  to 
the  lowering  of  the  melting-])oint. 

In  reply  to  summary  No.  2,  and  the  point  upon  which,  to  some 
extent,  we  seem  to  differ,  viz.,  as  to  the  action  of  aluminum  being 
analogous  to  that  of  silicon,  as  pointed  out  in  my  paper,  I  do  not 
for  one  moment  say  that  they  are  identical ;  in  fact,  it  is  clearly  men- 
tioned that  aluminum  was  found  to  be  the  more  powerful  ;  but  I  do 
say  that,  in  many  instances  they  produce  very  similar  effects.  Let 
us  see  where  we  differ. 

Professor  Arnold  says  that  aluminum  is  twenty  times  as  powerful 
as  silicon,  or,  in  other  words,  that  0.1  i)er  cent,  of  aluminum  (the 
amount  he  used  for  making  tlie  experimental  products)  is  equal  to 
2  per  cent,  of  silicon.  If  he  had  made  the  same  experiment  with 
silicon  as  my  ])aper  described  at  the  last  Paris  meeting  of  this  In- 
stitute, I  am  convinced  that  he  would  withdraw  such  a  statement. 
It  is  quite  beyond  the  facts  known  to  steel-founders.  Whatever  may 
be  the  best  and  most  suitable  amount  of  silicon  to  be  e-iiployed,  I 
have  seen  plenty  of  sound  castings  with  0.20  per  cent,  of  silicon. 
Only  a  short  time  ago,  I  was  told  by  a  large  maker  of  steel-castings 
that,  though  he  had,  two  or  three  years  ago,  extensively  used  metallic 
aluminum  and  ferro-aluminum,  its  use  was  now  entirely  abandoned  ; 
and  it  should  be  remembered  that  whatever  method  he  emj)loyed  to 
effect  sound  castings,  required  him  to  obtain  the  same  results  as  to 
ductility,  tensile  strength,  etc.  Facts  like  these  are  difficult  to  be 
explaine<l  away.  Mr.  James  Riley,  of  the  Steel  Company  of  Scot- 
land, in  an  appendix  to  a  recent  paper  read  before  this  Institute,  in 
summing   up  his  remarks  upon    aluminum-steel    states:    "Whilst 
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there  are  some  advantages  in  using  aluminum,  the  disadvantages  are, 
that  it  is  not  desirable  to  use  it  in  large  castings,  the  steel  being 
rendered  more  crystalline;  that  contraction  cracks  are  more  liable  to 
occur  with  this  steel,  and  also  that  the  results  are  not  so  much  better 
as  to  make  it  desirable  to  use  the  metal  in  steel  intended  for  roll- 
ing, etc." 

AVhatever  may  be  the  advantages  of  employing  aluminum  in 
certain  instances,  it  only  again  proves  the  old  truth  that  there  may 
be  several  ways  of  accomplishing  the  same  end.  This  is  all  I  con- 
tend for. 

I  feel  convinced  that  if  it  were  possible  to  employ  the  element 
silicon  in  its  pure  state,  its  effect  would  still  more  confirm  these 
views.  In  my  own  experiments  I  obtained  the  nearest  approxima- 
tion I  could  to  pure  silicon,  viz.,  an  alloy  containing  20  per  cent, 
silicon  and  only  about  2  per  cent,  carbon.  Such  an  alloy,  say  suffi- 
cient to  give  0.2  per  cent,  silicon,  would,  I  believe,  if  added  to  1  per 
cent,  carbonaceous  steel,  such  as  described  by  the  professor,  produce 
soundness  and  piping  of  the  ingot.  Whether  the  low  manganese, 
such  as  mentioned  (under  0.1  ])er  cent.)  would  then  be  sufficient, 
could  be  determined  only  by  experiment.  One  of  the  samples 
mentioned  in  my  own  paper,  although  containing  over  1  per  cent, 
silicon  and  under  0.2  per  cent,  of  manganese,  was  forged  satisfac- 
torily. 

Thirty  years  ago  Sir  Henry  Bessemer  discovered  that  silicon  gave 
sound  fluid  steel.  He  patented  the  process,  the  additions  being  made 
in  small  quantities,  viz.,  1  pound  of  silicon  (by  means  of  ferro-silicou) 
to  2000  pounds  of  decarbonized  iron,  and  the  whole  question  was 
fully  thrashed  out  in  the  admirable  paper  of  Mons.  F.  Gautier, 
"  Solid  Steel  Castings,"  and  the  discussion  that  ensued  at  the  London 
meeting  of  this  institute  in  1877. 

Professor  T.  Turner,  Mason  College,  Birmingham,  in  his  report 
to  the  British  Association  Committee  on  the  "  Influence  of  Silicon," 
gave  the  following  results,  his  experiments  being  carried  out  on  the 
most  difficult  kind  of  material  that  can  be  employed,  viz.,  blown 
basic  steel,  which  is  excessively  oxidized,  and  consequently  especially 
difficult  to  obtain  sound:  "Thirty  pounds  of  decarbonized  basic 
metal  poured  into  a  crucible  remained  perfectly  quiet  for  a  few  mo- 
ments, but  on  solidifying  suddenly  boiled  up,  and  although  the 
crucible  was  not  full  originally,  75  percent,  of  the  metal  boiled  over. 
No  such  action  was  observed  in  any  mixture  to  which  silicon  had 
been  added.     An  addition  of  only  .04  per  cent,  silicon,  and  of  which 
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.02  per  cent,  remained  in  the  ingot,  was  sufficient  to  prevent  boiling 
over  on  solidification."  Therefore,  in  face  of  this  and  of  the  opinions 
of  both  practical  and  scientific  experts  who  agree  with  me,  I  think 
it  is  rather  a  strong  assertion  to  make  that  the  effect  of  aluminum  is 
twenty  times  as  powerful  as  that  of  silicon. 

A  further  striking  fact  has  recently  come  under  ray  notice  in  con- 
firmation of  the  analogous  effect  of  silicon  and  aluminum.  At  a 
recent  meeting  of  the  Alloys  Research  Committee,  Professor  Roberts- 
Austen  drew  my  attention  to  the  fact  that  my  claim  as  to  silicon  and 
aluminum  producing  similar  effects  when  alloyed  with  other  ele- 
ments was  confirmed,  first,  by  the  fact  that  that  the  atomic  weight 
and  volume  of  the  two  elements  are  almost  identical;  and  secondly, 
by  a  still  more  striking  confirmation,  viz.,  that  he  had  found  that 
when  either  of  these  two  elements  was  alloyed  with  gold,  the  same 
effects  were  produced.  In  the  cooling  curves  and  other  data  ob- 
tained by  means  of  an  ingenious  combination  of  the  Le  Chatelier 
pyrometer  with  a  photographic  arrangement,  and  by  which  absolute 
accuracy  is  obtained,  the  above  facts  were  most  clearly  brought  out. 
A  stronger  proof  could  not  be  found  thatsilicon  and  aluminum  when 
alloyed  with  other  elements  produce  analogous  effects.  The  results 
of  the  committee  will  be  published  in  due  course.  The  consensus  of 
opinion  of  both  scientists  and  practical  workers  therefore  clearly  con- 
firms my  views.  In  tiie  former  I  would  specially  name  Professor 
Roberts- Austen  and  M.  Osmond,  whose  opinions  are  entitled  to  great 
weight  from  their  special  experience  in  these  scientific  investigations. 
Mr.  Keep,  of  Detroit,  Mich.,  has  also  shown  most  clearly  that  sili- 
con and  aluminum  act  almost  precisely  alike  upon  white  iron  by 
causing  the  combined  carbon  to  become  changed  into  the  graphitic 
form.  The  same  thing  was  named  in  my  paper  as  to  the  effect  of 
aluminum  turning  a  great  part  of  the  combined  carbon  in  spiegel- 
eisen  to  graphitic  carbon. 

I  believe  that  Professor  Arnold's  interesting  experiment  of  blow- 
ing pure  carbonic  oxide  through  a  crucible  containg  molten  steel,  by 
which  means  he  obtained  an  increase  of  35  per  cent,  on  the  carbon 
present,  would  be  duplicated  if  molten  steel  containing  silicon  were 
sul)stituted.  Mons.  Gautier,  in  his  paper  on  "  Solid  Steel  Cast- 
ings," read  before  this  Institute  in  March,  1877, said,  "Silicon  decom- 
poses the  oxide  of  carbon,  or,  which  is  the  same,  prevents  it  from 
forming;  therefore,  if  blow-holes  are  filled  with  oxide  of  ciirbon  they 
will  be  made  todi.sappear  by  an  addition  of  silicon :  Si  -f  SCO  =SiO, 
-f  3C  [or,  as  we  should  now  formulate  it.  Si  +  2C0  =  SiO,  +  2C]. 
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The  carbon  is  deposited  and  dissolved  in  the  steel,  and  silica  is 
formed."  Substitute  aluminum  for  silicon,  and  we  get  2Al4-  3CO 
—  Al.,03  +  3C,  and  it  seems  to  me  we  have  a  most  convincing  proof 
from  Professor  Arnold's  own  experiments  of  the  analogy  between 
the  elements. 

This  similarity  of  behavioi*  was  the  reason  that  I  ventured,  whilst 
quite  aware  of  the  technical  inaccuracy,  to  describe  the  effect  of 
the  '-meto/"  silicon,  I  cannot  but  think  we  shall  eventually  find 
this  confirmed  by  those  able  to  decide.  Silicon  has  not  yet 
been  obtained  in  a  sufficient  mass  to  determine  its  commercial 
properties.  Some  text-books  describe  it  as  "a  non-metallic  sub- 
stance {at  present)." 

Similarities. — To  sum  up,  silicon  and  aluminum  produce  sound- 
ness; have  almost  the  same  atomic  weight  and  volume;  have  very 
similar  calorific  power;  deposit  carbon  in  the  presence  of  carbonic 
oxide;  turn  combined  into  graphitic  carbon;  produce  almost  pre- 
cisely the  same  effect  when  respectively  alloyed  with  gold,  as  shown 
by  Professor  Roberts-Austen ;  produce  similar  effects  on  carbonless 
iron,  as  proved  by  mechanical  tests ;  have  similar  fractures  both  in 
the  cast  and  forged  state;  produce  coarse-grained  metal. 

Differences. — Aluminum  is  more  powerful  than  silicon  ;  how  much 
more,  it  is  at  present  difficult  to  determine  exactly.  Aluminum- 
steel  in  its  cast  state  will  carry  a  somewhat  larger  percentage  of  its 
metal  before  becoming  brittle.  Aluminum-steel  seems  less  red- 
short. 

Professor  Arnold  refers  to  piping  and  contraction.  Steel  may 
contract  without  piping  much.  For  instance,  unsound  decarbonized 
iron  is  subject  to  linear  contraction,  although  it  does  not  settle  or  pipe. 
On  the  other  hand,  cast-iron,  if  poured  into  an  ingot-mould,  will  pipe 
at  the  top  almost  as  deeply  as  sound  steel,  but  its  contraction  is  only 
half  that  of  the  latter. 

Finally,  it  should  be  borne  in  mind  that  Professor  Arnold's  ex- 
periments apply  to  only  one  kind  of  steel,  viz.,  crucible  tool-steel 
ingots.  For  the  majority  of  steel  work,  I  do  not  think  that  at  pres- 
ent the  metal  aluminum  can  compete  with  the  results  obtained  from 
cheaper  mixtures  and  methods.  Even  if  aluminum  costs  only  bs. 
($1.25)  per  pound,  and  is  employed  in  quantities  of  y^h  per  cent.,  to 
a  maker  of  say  fitty  tons  of  steel  castings  per  week,  an  extra  cost  is 
involved  of  £1500  to  £2000  ($7200  to  $9600)  per  annum;  rather 
a  serious  item  in  a  steel-founder's  bill. 

I  regret,  that  under  the  rules  of  discussion,  Professor  Arnold  will 
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not  have  an  opportunity  of  here  replying  further  to  my  remarks.  If 
the  points  on  which  we  differ  can  be  cleared  up,  he  will  find  me 
willing  to  amend  the  errors  of  my  ways.  As  a  steel-manufacturer, 
one  is  taught  not  to  dogmatize,  and  on  several  points  raised  by  the 
professor,  and  in  my  own  paper,  there  is  much  room  for  more  light. 

I  should  like  to  draw  special  attentiorj  to  Professor  Ripper's  remarks 
at  the  close  of  Professor  Arnold's  lecture,  with  reference  to  the  me- 
chanical worker  in  conjunction  with  the  metallurgical  engineer.  The 
former  often  designs  and  sends  out  patterns  which  are  most  difficult 
to  cast  successfully  in  steel.  If  a  little  more  care  were  given  in  adapt- 
ing the  article  to  the  material,  very  many  of  the  troubles,  such  as  un- 
sound work,  wasters,  etc.,  would  be  avoided. 

If  members  could  see  some  of  the  patterns  that  are  sent  to  a  steel- 
founder — patterns  that  would  be  even  difficult  to  make  in  cast-iron, 
where  the  contraction  is  only  ^  of  an  inch  per  foot — he  would  under- 
stand why  a  steel-founder  is  not  the  sweetest-tempered  person  in  the 
world. 

Mr.  Dagger  contributes  some  interesting  information  ;  but  is  there 
not  some  mistake  as  to  his  remarks  respecting  hardness,  where  he 
mentions  that  the  samp'e  of  7  per  cent,  aluminum  steel  would 
scratch  glass?  Probably  there  was  much  carbon  also  present;  in 
that  case,  w'ould  not  the  hardness  be  rather  due  to  the  latter?  The 
carbonless  samples  mentioned  in  my  own  experiments  with  5  per 
cent,  and  9  per  cent,  aluminum  respectively  were  exceedingly  soft, 
and  could  be  easily  drilled. 

As  regards  the  effect  of  aluminum  upon  the  magnetic  properties 
of  iron,  my  own  results  entirely  differ  from  those  mentioned  by  Mr. 
Dagger.  Samples  containing  as  high  as  5  per  cent,  and  9  per  cent, 
of  aluminum  were  exceedingly  subject  to  magnetic  influence;  and 
ferro-aluminums  containing  11  per  cent.,  14  per  cent.,  and  16  per 
cent,  aluminum  were  also  decidedly  as  magnetic. 

I  have  again  tested  and  confirmed  this  since  receiving  Mr.  Dag- 
ger's remarks.  A  small  magnet  will  lift  two  or  three  ounces  of  each 
of  the  foregoing  percentages  of  the  alloy. 

As  regards  M.  Pourcel's  remarks,  I  think  that  he  has  overlooked 
the  fact  that  practically  the  same  results  as  to  soundness  are  obtained 
either  with  metallic  aluminum  or  with  ferro-aluminum.  My  own 
experiments  with  alloys  of  silicon  and  iron  seem  clearly  to  prove 
that  if  silicon  and  aluminum  are  added  in  the  former  case  as  silicide 
of  iron  or  silicide  of  manganese,  and  in  the  latter  as  ferro-aluminum 
or  aluminum,  they  act  similarly  i"  producing  soundness.     It  .seems, 
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therefore,  only  fair  to  assume  that  if  sucli  results  obtained  with  ferro- 
aluniinuni  correspond  with  those  obtained  with  ferro-silicon,  then  if 
a  pure  silicon  addition  could  be  made — that  is,  the  element  it-elf — 
similar  results  to  au  addition  of  the  metal  aluminum  would  follow. 
As  pointed  out  in  my  own  paper  in  Paris,  it  would  in  every  way  be 
an  advantage  to  have  this  e;cperiment  actually  made.  If  any  one 
will  furnish  me  with  pure  silicon,  or  say  where  it  can  be  procured 
in  sufficient  quantities,  I  shall  be  glad  to  test  and  settle  this  point. 

The  assumption  is  further  su|)ported  from  the  results  obtained 
by  adding  20  per  cent,  of  ferro-silicon,  which  at  present  is  the  nearest 
approach  to  an  addition  of  the  element  itself  to  carbonless  iron. 

It  seems  to  me,  therefore,  that  the  point  as  to  whether  the  "addi- 
tion "  or  "  physic"  is  made  by  means  of  the  elements  themselves  or 
their  ferro-alloys,  is  not  of  such  importance  theoretically.  Practi- 
cally of  course  there  is  an  advantage  in  using  less  bulk,  and  of  not 
chilling  the  molten  baths  to  which  they  are  added,  though  this  latter 
point  is  obviated  by  molten  ferro-additions. 

In  reply  to  Mr.  Sample's  remarks,  it  would  have  been  l)etter  if 
he  had  mentioned  the  special  advantages  obtained  by  Professor 
Langley.  At  a  recent  interview  with  that  gentleman  during  the 
Iron  and  Steel  Institute  visit  to  Pittsburgh,  I  understood  that  he 
found  difficulty  in  fixing  the  precise  advantage  obtained  by  the  use 
of  aluminum  in  steel-manufacture. 

I  note  Mr.  Sample  says,  that  whilst  h  pound  of  aluminum  has  a 
quieting  effect  upon  steel,  if  it  is  "  wild  "  2  to  3  pounds  per  ton  would 
be  wanted.  Thus,  even  with  aluminum  as  low  as  5s.  ($1.25)  per 
pound  this  would  mean  an  extra  cost  of  15s.  ($3.75)  per  ton  !  Besides 
also  there  is  clearly  some  reason  for  these  "  wild"  heats,  which  are 
the  exception  and  not  the  rule.  With  proper  care,  and  increased 
knowledge  in  the  behavior  and  treatment  of  molten  steel,  such  heats 
will  be  no  doubt  eventually  avoided.  As  a  proof  of  this,  see  the 
interesting  discu.^sion  that  ensued  after  the  reading  of  Mr.  J.  Davis's 
paper  on  "The  Manufacture  of  Basic  Open-Hearth  Steel"  before 
the  Cleveland  Institution  of  Engineers  in  December,  1890. 

With  reference  to  the  records  of  Mr.  Spencer's  valuable  experi- 
ments, I  would  draw  attention  to  the  fact  that  his  general  conclu- 
sion as  regards  the  effect  of  aluminum  upon  the  properties  of  iron 
and  steel  is,  that  such  addition  is  made  at  the  expense  of  ductility ; 
in  fact,  in  higher-carbon  steel  he  particularly  points  out  that  its  use 
is  disadvantageous. 
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BY  JAMES  C   BAYLES,    NEW  YORK  CITY. 
(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Stael  Institute.) 

The  ideal  pressure-tube  is  obviously  the  one  which  combines  the 
greatest  strength  with  the  least  weight  of  material  consistent  with 
the  uses  for  which  it  is  designed  or  employed.  The  inside  of  the 
pipe  is  the  first  concern  of  the  engineer.  It  should  be  cylindrical, 
smooth,  and  of  the  requisite  capacity  for  the  purpose  in  view.  It 
should  be  in  lengths  as  great  as  can  be  conveniently  handled,  so  that 
the  couplings  may  be  as  few  as  possible.  With  the  walls  of  the  tube 
the  engineer  has  no  further  occasion  to  concern  himself  than  to  make 
sure  they  are  adequate  to  carry  the  internal  and  external  pressures 
to  which  they  will  be  subjected.  It  is  as  true  of  a  pipe  as  of  a  truss, 
that  when  it  is  strong  enough  to  give  the  requisite  factor  of  safety, 
nothing  is  gained  by  having  it  stronger.  Anything  more  than  this 
means  dead  weight,  which  has  to  be  paid  for  many  times,  first  as 
material,  and  again  and  again  in  the  costs  of  transportation  and 
handling,  until  it  reaches  its  place  in  the  trench  or  on  supports.  In 
use  it  must  be  and  remain  tight  against  all  leakage,  and  must  sus- 
tain whatever  is  placed  over  or  upon  it,  or  suspended  from  it,  with- 
out deformation  or  injury.  Finally,  in  addition  to  meeting  all  the 
immediate  requirements  of  service,  it  must  possess  qualities  of  dura- 
bility which  warrant  a  reasonable  expectation  of  a  long  life  of  use- 
fulness. The  wise  engineer  no  longer  regards  it  as  rea-^onable  to 
depend  upon  mere  bulk  of  its  own  material  for  the  protection  of  a 
metal  as  readily  impaired  or  destroyed  by  oxidation  as  iron  or  steel. 
The  metal  must  have  a  coating  which  will  be  and  remain  imper- 
vious and  indestructible.  When  all  these  conditions  are  met,  we 
have  as  near  an  approach  to  the  ide^l  tube  as  can  be  attained  with 
the  materials  now  available  for  their  manufacture.  Steel  used  con- 
structively, to  the  best  advantage,  meets  these  requirements  most 
perfectly.  Gold  alone  would  do  it  better.  If  we  search  through 
the  whole  list  of  metals  and  alloys  we  find  nothing  available  which 
so  perfectly  meets  the  requirements  as  a  pipe  material  as  steel. 

Mr.  Hamilton  Smith,  Jr.,  in  a  paper  on  the  expedients  adopted  on 
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the  Pacific  Coast  in  the  extensive  schemes  of  hydraulic  engineering, 
for  which  that  part  of  the  world  has  long  been  famous,  thus  states 
the  conclusions  to  which  liis  observations  have  led  him  :* 

"The  ideal  conduit  for  high  pressures  is  a  welded  steel  tube. 
Su(^h  tubes  could  probably  be  subjected  to  a  tensile  strain  of  25,000 
pounds  with  perfect  safety,  and  would  be  much  preferable  to  riveted 
pipe — not  only  on  account  of  superior  strength,  but  also  by  reason 

of  almost  perfect  interior  smoothness The  adaptation  of  a 

superior  and  cheap  metal,  such  as  mild  steel,  for  conduits,  will  per- 
mit the  construction  of  hydraulic  works  in  many  parts  of  the  world 
which  now  appear  to  be  imj)racticable,  owing  to  the  cost  of  many  of 
the  methods  still  in  use  for  the  transportation  of  water." 

The  accuracy  of  this  generalization  is  not  surprising,  considering 
the  opportunities  afforded  Mr.  Smith  for  the  study  of  this  question, 
where  substitutes  for  the  hitherto  impracticable  light  welded  pipe  of 
iron  or  steel  have  been  used  most  extensively  and  successfully.  The 
manufacture  of  light  steel  tubes  by  the  processes  employed  in  making 
the  heavy  tubes  to  which  we  have  become  accustomed,  has  been 
found  impossible  for  mechanical  reasons.  With  the  weight  of  metal 
needed  to  carry  a  welding-heat  from  the  furnace  to  the  rolls,  the 
pipe  produced  is  necessarily  heavy.  Hence  the  extensive  employ- 
ment of  riveted  pipes  during  the  past  few  years,  not  only  on  the 
Pacific  Coast,  but  all  over  the  world.  The  best  that  can  be  said  of 
them  is  that  they  have  been  used  simply  because  nothing  better 
was  available. 

Some  twenty  years  ago  an  ingenious  American  engineer  and 
mechanic,  the  late  John  B,  Root,  conceived  the  idea  of  making  light 
and  strong  tubes  by  spirally  winding  bands  of  iron  or  steel  so  that 
the  edges  should  overlap,  and  of  heating  the  overla|)ping  edges  and 
welding  them  together  during  the  forming  process.  The  novelty  of 
this  idea  consisted  in  confining  the  heat  to  the  edges  to  be  united, 
and  welding  the  seam  as  the  pipe  was  formed.  The  obviously 
greater  strength  of  a  tube  thus  made  over  one  having  any  form  of 
longitudinal  seam,  had  already  attracted  attention.  Many  years 
before,  as  appears  from  English  Patent  Office  records,  an  attempt 
had  been  made  to  produce  a  pipe  having  a  helical  weld.  The  blank 
was  wound  cold,  with  overlapping  edges,  and  placed  in  a  furnace  to 
be  heated.  When  the  welding-temperature  was  reached  it  was 
drawn  out,  and  an  attempt  was  made  to  weld  it  on  a  mandrel  by  the 

*  On  Wrought-Iron  Conduit- Pi  pes. — Journal  of  the  Iron  and  Steel  Institute,  No.  1, 
1886,  pp.  133  to  139. 
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pressure  of  rolls,  externally  applied.  The  experiment,  though  inter- 
esting, was  hopelessly  inipracticiible.  To  carry  a  welding-heat  from 
the  furnace  to  the  rolls,  the  material  oj)erated  upon  needed  to  he  of 
a  gauge  so  heavy  as  to  render  it  impossible  to  cold-wind  it.  Fur- 
thermore, it  was  impossible  to  keep  the  diameter  uniform,  as  with 
every  turn  of  the  skelp  it  gained  in  size  an  amount  equal  to  the 
thickness  of  the  metal  used.  The  problem  was  not  at  all  akin  to 
that  of  making  the  twist  gun-barrel  ;  and  after  it  was  found  that 
tubes  could  not  be  made  in  this  way,  the  experiment  was  abandoned. 

When  Mr.  Root  began  his  experiments  he  probably  had  very 
little  idea  of  the  difficulties  involved  in  accomplishing  what  now 
seems  so  simple.  He  began  by  cold-vvinding,  and  his  first  invention 
in  this  line  was  one  which  has  had  great  value;  I  refer  to  the  spi- 
rally-riveted pipe.  The  machines  for  making  this  form  of  pipe, 
though  never  quite  automatic^  were  very  ingenious,  and  have  done 
good  service.  They  wind  the  metal,  punch  holes  in  the  over- 
lapping edges,  and  as  the  rivets  are  dropped  in  by  hand,  head  them 
by  compression.  The  process  is  obviously  limited  to  the  use  of 
small  and  soft  rivets,  which  can  be  "  upset"  cold  by  compression 
sufficiently  to  hold  them  in  place.  Tiiat  pipe  thus  made  has  any 
greater  utility  than  ordinary  stovepipe  is  due  to  the  fact  that  its 
seam  is  so  disposed  that  it  is  not  readily  opened  by  an  internal 
pressure  exerted  circuraferentially.  This  form  of  riveted  pipe  is 
made  of  material  too  light  to  be  caulked,  consequently  it  depends 
for  tightness  wholly  upon  the  coating  of  zinc  or  coal-tar  given  it. 
As  a  preservative  coating  for  either  iron  or  steel,  zinc  has  little 
value;  but  it  serves  very  well  as  a  solder  to  stick  the  lapped  edges 
together  and  make  a  riveted  pipe  tight  against  any  pressures  not 
exceeding  the  strength  of  the  material  at  the  line  of  the  rivets.  The 
black  coating,  when  properly  made  and  applied  at  a  temperature 
sufficiently  high,  also  answers  very  well  to  close  the  seam  against 
light  pressures.  In  some  places  this  pipe  has  rendered  excellent 
service;  in  others  it  seems  to  have  failed  conspicuously.  I  presume 
its  life  depends  largely  upon  how  it  is  laid,  and  upon  a  light  and 
measurably  constant  pressure.  From  its  construction  I  should  not 
expect  it  to  stand  shocks  without  developing  leaks.  As  a  matter  of 
fact,  however,  the  spiral  riveted  pipe  has  been  largely  employed,  and 
it  is  still  manufactured  extensively. 

During  some  ten  years  Mr.  Root  continued  his  experiments  amid 
many  discouragements.  It  was  not  until  1883  that  he  succeeded  in 
building  a  machine  which,  in  a  rude  way,  demonstrated  the  practi- 
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cability  of  making  pipe  from  strips  of  iron  wound  spirally,  heated 
along  their  overhipping  edges  only,  and  united  by  hammering. 
This  macliine,  which  is  carefully  preserved  as  a  mechanical  curiosity, 
is  a  marvel  of  ingenuity,  hut  not  at  all  practical  commercially.  Mr. 
Root  had  throughout  made  the  mistake  of  supposing  that  he  was 
dealing  with  a  njechanical  problem  simply.  That  he  overlooked  the 
chemical  factors  is  evident  to  those  who,  after  his  death,  took  up  his 
work  and  made  it  successful.  It  is  true,  however,  that  he  produced 
some  i)ipe  in  short  lengths;  and  curiously  enough,  owing  to  the  slip 
of  the  feed  and  other  mechanical  defects  in  his  machine,  some  of  this 
pipe  was  of  surprising  smoothness  and  beauty.  That  very  little  of 
his  experimental  pipe  was  really  welded  was  due  to  causes  for  which, 
as  a  mechanic,  it  probably  did  not  occur  to  him  to  look. 

At  Mr.  Root's  death,  which  occurred  before  he  had  fully  worked 
out  the  problem  to  which  he  had  devoted  so  many  years  of  patient 
labor,  it  was  found  desirable  to  depart  radically  from  the  lines  of  iiis 
experimentation,  and  to  supplement  his  work  by  original  investiga- 
tion in  many  directions.  For  the  purposes  of  this  paj)er  it  is  suffi- 
cient to  describe  the  method  of  manufacture  now  employed,  which 
represents  the  present  state  of  the  art. 

The  only  material  now  used  in  the  manufacture  of  spirally-welded 
tubes  is  mild  steel.  This  is  at  once  stronger,  cheaper,  and  more  • 
uniform  in  quality  than  any  iron  available  for  the  purpose,  and 
owing  to  its  homogeneity  and  density  it  resists  destructive  oxidation 
much  better  than  iron  of  fibrous  texture.  Either  Bessemer  or  open- 
hearth  steel  is  used.  The  specifications  as  to  composition  are  not 
arbitrary.  Phosphorus  is  not  considered,  being  low  enough  in  any 
steel  yet  tried.  The  carbon  must  be  so  low  that  the  metal  will  not 
harden  or  become  brittle  when  cooled  with  water,  as  suddenly  as 
possible  after  the  weld  is  made.  The  sulphur  must  not  be  high  enough 
to  defeat  welding,  and  coj)per  must  not  be  present  at  all.  The  steel 
employed  has  an  average  elastic  liuiit  of  35,000  to  40,000  pounds, 
and  an  ultimate  strength  of  55,000  to  60,000  pounds.  Anything 
conforming  to  these  very  general  specifications  has  been  found  to 
weld  satisfactorily  and  make  excellent  tubes. 

The  steel  is  rolled  to  the  required  gauge  in  sheets  which  will 
square  20  feet  long,  and  is  slit  into  bands  12  inches  or  18  inches 
wide.  Theoretically,  there  would  be  an  advantage  in  establishing 
and  maintaining  a  fixed  relation  between  the  diameter  of  pipe  and 
width  of  skelp,  but  in  practice  it  has  been  found  wise  to  use  two 
widths  only  for  the  diameters  thus  far  produced.     Tubes  of  6  inches, 
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8  inches,  and  10  inches  diameter  are  made  from  skelp  12  inches 
wide;  those  from  12  inches  to  24  inches  diameter  are  made  from 
si^elp  18  inches  wide. 

As  skelp  in  20-feet  lengths  is  not  long  enough  to  make  tabes  of 
the  length  most  convenient  for  use  and  economical  for  shipment, 
the  strips  are  united  by  welding  the  ends  together.  The  machines 
for  this  purpose  are  very  simple  in  construction  and  operation,  and 
do  their  work  very  rapidly.  The  resulting  weld  is  so  smooth  as 
not  to  be  visible  in  the  finished  pipe.  As  the  stock  is  thus  pre- 
pared by  what  is  known  as  ''cross-welding,"  it  is  reeled  and  passed 
to  the  tube-machines.  By  this  means  the  pipe-maker  is  rendered 
independent  of  the  limitations  of  the  rolling-mills,  which,  in  the 
gauges  demanded,  cannot,  with  present  appliances,  advantageously 
roll  more  than  20-feet  lengths.  So  cheap  and  rapid  is  the  cross- 
welding  process,  however,  that  it  is  doubtful  if  any  advantage 
would  be  found  in  having  the  strips  longer.  They  would  be  more 
costly  to  transport  and  handle.  The  fact  tiiat,  with  cross-welded 
stock,  tubes  100  feet  long  have  been  made,  and  that  if  it  was  of  ad- 
vantage to  do  so  they  could  be  made  500  or  1000  feet  long,  shows 
how  little  the  pipe-maker  is  dependent  upon  the  rolling-mill  man- 
ager. It  is,  however,  useless  to  make  pipes  exceeding  in  length  ex- 
isting facilities  for  transportation.  Thirty  feet  is  the  average  car- 
length,  and  on  certain  patterns  of  platform  cars,  32  feet  can  be 
loaded.  To  exceed  this  length  would  be  to  increase  the  difficulties 
of  transportation  and  handling  far  more  than  the  value  of  the  coup- 
lings saved.  The  cross-welded  stock  is  passed  to  the  tube-machine, 
and  one  end  is  laid  on  the  guide-table,  which,  being  adjustable,  is 
set  to  the  angle  due  to  the  width  of  skelp  and  the  diameter  of  the 
pipe  to  be  made.  On  this  table  are  the  feed-rolls,  geared  together, 
which  draw  the  stock  into  the  machine  and  pass  it  forward.  As  the 
skelp  enters,  it  moves  across  the  face  of  an  anvil-horn,  which  is 
rounded  to  conform  to  the  shape  of  the  pipe.  The  curvature  of  the 
stock  is  effected  by  the  movement  of  an  oscillating  jaw,  which  presses 
the  metal  against  the  face  of  the  anvil.  The  impetus  of  the  feed-rolls 
is  intermittent,  moving  the  metal  forward  when  the  shaping-jaw  is 
raised,  and  leaving  it  at  rest  when  pinched  between  the  fixed  and 
moving  parts  of  the  shaping-mechanism. 

The  s<)urce  of  heat  is  a  small  furnace  of  cast-iron,  scarcely  more 
than  a  cubic  foot  in  dimensions.  Tiiis  furnace  is  lined  with  refrac- 
tory material,  having  passages  of  such  shape  as  to  deflect  the  gas 
and  blast  where  they  are  needed.     The  furnace  contains  two  or  more 
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blow-pipes,  as  may  be  required.  Tlie  fuel  is  a  gas  of  a  quality  never 
before  employed  in  any  metallurgical  operation.  It  is  composed,  as 
nearly  as  may  be,  of  equal  parts  of  hydrogen  and  carbonic  oxide,  is 
free  from  carbonic  acid  and  sulphur  compounds,  and  has  a  flame 
temperature  of  :^800°  Falir.  It  is  delivered  to  the  machines 
under  a  considerable  pressure,  and  mingles  with  the  requisite  vol- 
ume of  blast  at  the  point  of  ignition.  The  practice  in  burning  the 
gas,  as  in  making  it,  is  different  from  that  followed  anywhere  else, 
so  far  as  I  am  aware,  but  it  has  been  found  to  be  the  one  best  adapted 
to  the  special  requirements  of  the  industry. 

Heating  and  welding  are,  of  course,  the  only  elements  of  the  pro- 
cess involving  any  particular  difficulty.  The  nature  of  this  problem 
can  be  judged  from  the  fact  that  it  required  more  than  two  years  of 
very  costly  and  anxious  experimentation,  in  directions  in  which 
previous  experience  furnished  no  guide.  To  pass  cold  steel  into  a 
flame  in  which  iridium  will  fuse,  bring  it  from  atmospheric  tem- 
perature to  that  of  welding  in  about  five  seconds,  weld  it  and  quench 
it  with  water  at  once,  without  burning  the  metal  or  producing  any 
appreciable  scale,  is  a  metallurgical  operation  of  great  delicacy,  and 
one  which  demands  that  all  the  conditions  shall  be  right.  If  the 
flame  assumes  an  oxidizing  character  for  an  instant,  the  weld  is 
missed  ;  if  the  stock  binds,  the  feed  slips,  or  for  any  other  reason  the 
steel  remains  in  the  heat  an  instant  longer  than  is  needed,  it  will  run 
as  fluid  as  water  and  leave  a  hole  in  the  pipe.  When  1  say  that  a 
confident  operator,  who  understands  the  conditions  under  which  he 
is  working,  will  often  leave  his  machine  and  attend  to  something 
else  while  it  is  making  pipe  at  the  rate  of  18  to  24  inches  per  minute, 
the  perfection  of  the  machine  and  process  will  be  appreciated.  It  is 
not,  however,  so  automatic  that  the  operator  can  leave  his  machine 
with  entire  safety.  With  a  constant  pressure  of  air  and  gas,  it 
would  only  need  to  be  started  right  to  finish  a  j)ipe  without  further 
attention.  But  as  machines  are  started  and  stoj)j)ed,  producing 
slight  variations  in  the  engine-speed,  and  for  other  causes  the  pres- 
sure of  air  and  gas  varies,  the  operator  needs  to  increase  or  diminish 
the  speed  of  his  feed.  This  is  accomplished  by  a  modification  of  the 
link-motion,  which  enables  him,  while  the  machine  is  running,  to 
stop  the  feed  altogether,  or  increase  it  so  that  it  shall  drive  theskelp 
forward  at  the  rate  of  more  than  200  inches  a  minute.  The  average 
running-speed  in  pipe-making  advances  the  skelp  from  90  to  100 
inches  per  minute.  I  have  no  doubt  that  further  improvements  in 
the  plant  will  make  the  process  so  nearly  automatic  that,  after  the 
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oj)erator  has  run  out  a  foot  or  two,  he  need  give  his  machine  no 
further  attention. 

It  is  essential  that  the  gas  and  blast  should  be  as  perfectly  under 
control  as  the  feed.  There  are  always  two  edges  to  be  equally 
heated — one  at  the  end  of  the  already  formed  ])ipe,  and  the  other 
the  edge  of  the  flat  or  entering  skelp  which  is  about  to  be  added  on. 
For  this  reason  the  operator  must  be  able  to  vary  the  proportions  of 
gas  and  blast  in  each  blow-pipe.  This  he  can  do  without  leaving 
his  position  or  abandoning  the  lever  by  which  he  controls  the  feed 
mechanism.  The  direction  of  present  experiment  is  to  make  the 
pressure  of  gas  and  air  so  constant  that  the  operator,  having  ascer- 
tained the  proper  rate  of  feed,  can  let  one  reel  of  skelp  follow  another 
with  no  concern  for  his  product  unless  something  breaks. 

The  machine  having  these  complex  functions  of  feeding,  heating, 
welding  and  discharging  the  pipe  is  quite  simple  in  construction, 
and  has  but  few  working-parts.  It  is  of  unusual  interest  to  see  cold 
skelp  drawn  in,  heated,  shaped,  welded,  and  passed  out  as  finished 
pipe,  at  the  rate  of  a  foot  to  two  feet  per  minute,  with  all  the  opera- 
tions bv  which  flat  steel  is  converted  into  pipe,  performed  within  a 
space  which  could  be  covered  by  one's  hat.  I  venture  to  say  it  is 
wholly  unlike  any  industrial  process  to  be  seen  in  this  or  any  other 
country. 

The  welding  is  done  under  a  light  hammer,  which  strikes  about 
320  blows  per  minute.  The  hammer  is  so  arranged  as  to  give  what 
is  known  as  a  dead  blow.  The  weld  thus  secured  is  vastly  superior 
to  that  attainable  by  the  pressure  of  rolls.  A  hammer-blow  can  be 
delivered  at  the  mouth  of  the  furnace,  and  does  not  rob  the  metal 
of  the  heat  necessary  to  ])roduce  a  perfect  union.  Pipe  can  be  made 
without  the  hammer,  by  the  contact  of  the  jaws  which  bend  and 
form  it,  but  the  hammer  is  more  certain.  The  welds  produced  by 
hammering  are  as  perfect  as  are  ever  made  on  the  anvil  by  a  skilled 
blacksmith.  Test-pieces  subjected  to  tension  show  that  the  metal 
tears  before  the  weld  separates.  As  the  direction  of  the  weld  is 
such  that,  under  pressure,  it  is  never  subjected  to  a  strain  tending  to 
open  it,  it  serves  as  a  spiral  reinforcement,  and  pipes  made  by  this 
method,  unless  they  show  a  leak  in  the  initial  test,  can  be  depended 
upon  to  develop  a  strength  equal  to  the  ultimate  .strength  of  the 
metal  composing  them.  The  spirally-welded  pipe  is  an  illustration 
of  the  best  constructive  use  of  material  known  in  the  arts.  It  is,  in 
fact,  stronger  than  a  seamless  drawn  steel  tube  of  the  same  diameter 
and  thickness  of  wall. 

The  weight  of  steel  used  in  making  spirally-welded  tubes  ranges 
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from  No.  14  to  No.  6  R.W.G.  The  diameters  now  made  include 
all  sizes  from  6  inches  to  24  inches,  and  will  probably  be  extended 
to  include  smaller  and  larger  sizes.  The  limit  in  small  diameters 
is  that  which  will  admit  an  anvil-horn  stout  enough  to  withstand 
the  heat  and  hammering  to  which  it  is  subjected,  and  remain  rigid 
under  tlie  compression  of  the  shaping-jaw.  There  is  no  limit  in  the 
direction  of  large  diameters  except  such  as  is  imposed  by  the  present 
difficulty  of  obtaining  stock  of  suitable  widths  and  lengths,  and  the 
cost  of  transporting  large  and  light  cylinders.  When  the  demand 
for  pressure  tubes  of  larger  diameter  than  24  inches  shall  justify 
provision  for  their  manufacture,  there  will  be  no  difficulty  in  making 
them. 

After  the  pipes  leave  the  machines  the  ends  are  squared  on  a 
trimming-machine,  and  they  are  tested  in  the  usual  way.  They 
are  then  provided  with  their  couplings,  and  are  finished  by  dipping 
in  a  bath  of  Trinidad  asphalt.  The  coating  is  hard,  insoluble  and 
extremely  tenacious,  and  as  a  protection  against  rust  is  very  durable. 

This  industry  has  been  established  scarcely  long  enough  to  have 
a  history,  but  it  has  experienced  a  very  rapid  development.  Its 
product  has  gone  into  every  use  for  which  pipes  of  diameters  of  6 
inches  and  upwards  are  emj)]oyed.  They  are  in  successful  use  in 
steam  and  compressed-air  conduits,  gas  mains,  water  pipes,  petroleum 
lines,  and  to  some  extent  in  architectural  and  engineering  construc- 
tions. In  mining-operations  they  have  met  every  re<T|uirement  of 
service — the  saving  in  transportation-charges  often  amounting,  at 
remote  and  inaccessible  points,  to  a  very  large  item.  They  have 
also  been  found  useful  for  many  purposes  for  which  timber  has 
hitherto  been  employed — as  in  trestles,  tramway-trusses,  supporting 
columns,  etc.  A  12-inch  tube,  30  feet  long,  with  couplings,  which 
would  be  safe  under  a  working  pressure  of  500  to  700  pounds  per 
square  inch,  will  weigh,  according  to  the  thickness  of  metal  used 
and  the  <()ii])ltng  provided,  from  475  to  490  ])ounds.  Thirty  feet 
of  lap-welded  tube,  12  inches  in  diameter,  will  weigh  not  less  than 
1700  pounds,  and  30  feet  of  12-inch  cast-iron  pipe,  strong  enough 
to  carry  a  working  pressure  due  to  a  head  of  100  feet,  and  lighter 
than  that  usually  demanded  in  water-works  construction,  will  weigh 
from  2700  to  3000  pounds,  and  perhaps  more.  The  spirally-welded 
steel  tube  certainly  has  a  range  of  utility  greater  than  that  of  any 
tube  previously  known,  and  it  places  at  the  command  of  theengineer 
a  material  which  broadens  his  field  of  operations  in  all  directions, 
and  renders  practicable  undertakings  of  great  magnitude  which  have 
hitherto  seemed  impracticable  on  the  score  of  cost. 
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BY   HENRY  M.    HOWE,    A.M.,  S.B.,  BOSTON,  MASS. 
(From  the  Proceedings  of  the  New  York  Meeting  of  the  Iron  and  Steel  Institute,  Oct.,  1890.) 

The  striking  features  of  American  Bessemer  practice  are  its  large 
output  and  its  low  initial  silicon  and  initial  temperature.  These 
are  interdependent.  Large  outputs  implies  short  blows  and  short 
intervals  between  blows.  Short  blows  imply  low  silicon  and  fast 
blowing.  Low  silicon  implies  short  intervals  and  fast  blowing. 
Our  blows  are  short  because  we  have  little  silicon  to  remove,  and 
because  we  remove  it  fast  by  supplying  blast  rapidly.  We  get 
enough  heat  even  with  little  silicon,  because  our  blows  and  the 
intervals  between  them  are  so  short  that  relatively  little  heat  escapes 
from  our  vessels.  Were  we  to  lengthen  our  intervals,  or  to  blow 
more  slowly,  we  would  have  to  meet  the  increased  loss  of  heat  from 
our  vessels,  either  by  using  more  silicon,  or  by  melting  hotter,  i.e.,  by 
burning  more  coke,  in  the  blast-furnace  or  in  the  cupola.  Finally, 
our  short  intervals  imply  powerful  machinery,  efficient  organization, 
and  extreme  specialization  and  subdivision  of  labor,  which  can  be 
profitable  only  when  the  output  is  large. 

Let  us  now  take  these  points  up  in  more  detail,  first  glancing  at 
some  examples  of  our  large  outputs,  given  in  Table  I.,  and  of  the 
composition  of  our  iron. 

Output. — On  presenting  such  results  to  some  foreign  metallur- 
gists, I  have  been  told,  "Oh  yes,  we  quite  understand  that.  You 
really  turn  out  no  more  steel  than  we  do.  As  a  matter  of  personal 
pride,  your  manager  gets  up  a  tremendous  spurt  for  a  day,  or  even 
a  week,  crowds  on  men  wasteful ly,  rushes  through  great  quantities 
of  metal,  and  then  for  months  afterwards  has  to  recuperate.  The 
machinery  has  been  strained;  the  owner's  money  has  been  wasted; 
the  men  have  been  prostrated — all  to  gratify  the  manager's  vanity. 
Your  average  output  is  no  larger  than  ours." 

Personal  pride  has,  doubtless,  played  its  part ;  without  it  we 
would  still  be  savages,  or  apes,  or  mollusks,  if  you  prefer.  These 
baser  motives  are  the  mudsills  of  progress,  the  soiled  roots  of  that 
growth  of  which  civilization  is  the  flower.     Great  outputs  were  made 
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and  published  ;  generous  rivalry  sprang  up.  Each  showed  the  other 
how  he  made  his  great  output,  each  gained  the  experience  bought  by 
the  other's  toil,  till  the  average  output  of  to-day  is  far  greater  than 
the  boasted  record-breaking  output  of  our  centennial  year.  What- 
ever may  be  the  merits  of  our  tariff-system,  we  have  pushed  free- 
trade  far  in  some  important  directions — free-trade  in  ideas,  free-trade 
in  land,  free-trade  in  labor. 

Is  the  charge  true,  that  our  great  outputs  are  but  isolated  tours  de 
force,  rising  like  Teneriffe  above  the  dead  level  of  our  every-day 
mediocrity?  I  have  before  me  the  returns  from  the  Adonde* 
(American)  Bessemer  Works,  from  July  1,  1889,  to  June  30,  1890, 
a  period  of  fifty-two  weeks  and  one  working  day.  As  we  work 
eleven  shifts  a  week,  this  gives  a  total  of  *574  shifts  available  for 
work.  But  the  period  actually  comprised  in  the  returns  covers  four 
additional  shifts,  or  a  total  of  578  shifts.  Out  of  these,  the  Bessemer 
mill  ran  during  542  shifts,  leaving  thirty-six  idle  shifts  to  cover 
holidays,  strikes  and  stoppages  for  repairs  and  lack  of  orders.  Three 
of  these  were  for  celebrating  the  national  holidays;  thirteen  at  the 
winter  holiday  season  for  general  repairs ;  nine  owing  to  a  strike, 
and  eleven  owing  to  an  order  from  the  directors,  for  reasons  of  which 
I  am  ignorant.  The  works  have  two  10-ton  vessels.  The  total 
annual  output  was  318,635  tons,  which  implies  an  average  output  of 
26,553  tons  per  month,  or  of  1176  tons,  or  about  118  blows  per 
twenty-four  hours,  or  of  one  blow  every  12.2  minutes  the  whole  year 
through.  During  the  same  period  260,881  tons  of  rail  were  made, 
which  implies  an  average  output  of  489.5  tons  per  shift,  or  979  tons 
per  twenty-four  hours,  or  5384  per  week.  Less  than  ten  years  ago 
Captain  Jones  described  to  you  his  work  during  the  preceding  year, 
in  which  he  had  made  123,303  tons  of  ingots.  He  gave  it  as  his 
belief  that  we  were  then  on  the  verge  of  the  elastic  limit  of 
production,  though  he  thought  that  in  a  long  month  15,000  tons 
might  be  made.  Thus,  in  about  nine  years  our  output  has  increased 
more  than  two-and-a-half-lbld.  Captain  Jones'  supposed  elastic 
limit  has  proven  to  be  no  breaking-down  point:  under  a  stress  more 
than  twice  as  great  no  contraction  of  area  occurs,  and  our  ultimate 
strength  is  not  yet  in  sight.f 


*  I  use  cipher-names  expressly  to  avoid  indicating  what  works  are  referred  to. 
For  a  like  reason,  1  decline  to  state  whether  I  always  refer  to  the  same  works  in 
the  same  way,  or  not. 

f  Journal  of  the  Iron  and  Steel  Institute,  1881,  i.,  p.  129. 
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It  is  reported  that  the  Scranton  works,  with  two  6.5-ton  vessels, 
made  104,441  tons  of  rails  during  tlic  first  six  months  of  this  year. 
This  in>plies  an  average  of  about  144  heats  per  twenty-four  hours, 
or  a  heat  every  ten  minutes  during  the  whole  of  this  period,  and  of 
at  least  4017  tons  of  rails  per  week. 

Proportion  of  Silicon  in  the  Vessel- Charge* — While  there  are 
American  mills,  and  good  ones,  which  habitually  have  2  and  even 
2.25  per  cent,  of  silicon  in  the  vessel -charge,  and  while  I  know  cases 
in  which  the  silicon-content  has  reached  6.9  percent.,  the  majority  of 
mills  havele.ss  than  1.78  per  cent.;  and  what  appears  to  me  the  most 
characteristically  American  practice f  has  habitually  but  from  0.6  to 
0.9  per  cent,  of  silicon  in  the  vessel-charge.  I  have  before  me  returns 
from  a  number  of  successive  heats,  whose  composition  lay  between 
the  following  limits;  they  represent  the  usual  practice  at  Ningun- 
aparte,  except  that  the  manganese  is  a  little  higher  than  usual. 

Carbon.  Silicon.  Manganese.         Phosphorus.  Sulphur. 

3.36-3.C6  .64-80  .49-.70  .079-.086  .0o3-.075 

In  another  case  the  silicon  in  ten  consecutive  heats  lay  between 
0.54  and  0.78  per  cent.,  averaging  0.668.  The  iron  was  melted  in 
cupolas  with  one  part  of  coke  to  11.77  of  metal. 

Per  cent. 
The  loss  for  the  month  (including  cupola  loss)  was  .        .         .      7.89J 

The  proportion  of  scrap  was 5.09 

The  yield  of  ingots  per  100  of  cast-iron  was    ....     87.02 


100.00 


*I  invariably  refer  to  tlie  average  percentage  of  silicon  of  the  whole  vessel- 
charge,  scrap  included,  taken  as  it  goes  to  tlie  vessel  itself.  From  the  numbers 
which  I  give,  tlie  loss  of  silicon  in  the  cupola  has  already  been  deducted. 

t  The  words  "  characteristically  American  "  mu.st  be  taken  in  their  exact  sense. 
I  do  not  mean  that  this  is  the  habitual  American  j>ractice.  It  is  not.  But  it  is 
most  characteristically  American  to  carry  on  operations  so  extremely  rapidly,  and 
hence  with  so  small  a  proportion  of  loss  of  heat,  as  to  permit  this  low  silicon  con- 
tent, and,  unhampered  by  precedent,  to  use  it  boUlly. 

'X  It  is  certain  that  this  is  the  monthly  loss  recorded  in  the  books  of  the  establish- 
ment; but  as  it  represents  the  returns  for  a  single  month  only,  errors  in  weighing 
and  in  estimating  stocks  may  have  distorted  it  somewhat.  It  is  given  here  simply 
to  show  that,  at  least,  no  excessive  loss  occurred,  and  that  the  remarkably  low  pro- 
portion of  silicon  in  the  pig-iron  cannot  be  explained  away  by  supposing  tliat  an 
excessive  quantity  of  iron  was  oxidized  in  its  stead  to  generate  heat,  either  in 
cupola  or  converter.  Tlie  loss  at  this  same  mill  for  the  third  quarter  of  1890  was 
8.8,  the  scrap  3.2,  and  the  yield  of  ingots  88  per  100  of  pig-iron.  Very  careful 
attention  is  now  paid  to  weighing,  and  tiie  management  is  confident  that  these 
numbers  are  accurate. 
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At  this  mill  less  than  16  pounds  of  coal  per  2240  pounds  of 
ingots  is  used  in  heating  the  vessels  and  ladles,  according  to  the  yearly 
returns. 

In  order  to  blow  iron  with  so  little  silicon  successfully,  the  heats 
must  follow  each  other  quickly,  and  vessels  and  ladles  must  be  hot. 
In  running  at  the  rate  of  five  heats  an  hour,  the  metal  whose 
composition  I  have  given  with  0.64  to  0.80  percent,  of  silicon  might 
be  further  diluted  with  5  per  cent,  of  scrap,  reducing  its  silicon- 
content  to  between  0.61  and  0.76  per  cent.  If,  on  the  other  hand, 
only  1.5  heats  were  blown  per  hour  in  each  vessel,  the  iron  should 
have  about  1.25  per  cent,  of  silicon.  Indeed,  I  think  that  most  of 
those  who  use  less  silicon  than  this  still  admit  that,  as  far  as  mere 
convenience  of  blowing  is  concerned,  1.25  per  cent,  is  the  best 
proportion. 

Iron  with  much  less  silicon  has  actually  been  blown.  It  is  stated 
that  white  iron  containing  0.12  per  cent,  of  silicon  and  but  little 
manganese  was  once  blown  ;  and  I  know  that  iron  with  0.25  per 
cent,  of  silicon  and  1  per  cent,  of  manganese  has  been  blown  inten- 
tionally, sandwiched  between  normally  hot  heats. 

Metal  with  only  0.50  per  cent,  of  silicon  has  been  blown  in 
Sweden  ;  *  but  I  understand  that  this  was  done  only  when  the  initial 
temperature  was  decidedly  high.  The  practice  which  I  have 
described,  however,  is  that  which  Dr.  Miiller,  in  his  admirable  study 
of  the  German  Bessemer  process,  called  "the  fourth  and  practically 
impossible  variety  of  the  Bessemer  process,  low  initial  temperature 
and  low  silicon-content." f 

Low-silicon  pig  has,  besides  the  advantages  already  referred  to 
of  being  a  relatively  cheap  pig  to  make,  and  of  permitting  large 
output,  the  further  advantages  of  implying  small  loss  of  weight  in 
conversion,  little  wear  and  tear  of  refractory  materials  and  little 
power  for  blowing. 

It  costs  much  to  put  silicon  into  pig-iron,  and  much  to  take  it  out 
again.  Not  only  does  its  own  removal  in  the  Bessemer  process  mean 
a  loss  of  weight,  but  it  drags  much  iron  oif  with  it  into  the  slag. 
Further,  by  lengthening  the  blow  it  increases  the  wear  and  tear  of 
the  tuyeres,  and  of  the  refractory  lining  of  the  vessel  and  bottom, 
and  every  pound  of  silica  thus  abraded  or  corroded  implies  further 


*  Tchernoff,  Metallurgical  Revieit),  vol.  i.,  p.  3')2. 

f  ''Die  vierte  Viirialion,  nietlrige  .Anfangstemperaliir  iind  niedriger  Siliciumge- 
halt,  ist  pracktisch  uninoglich." — Zdt.  Vereiiis  Deut.  Ingcnicurc,  1878. 
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scorification  and  loss  of  about  a  pound  of  iron,  besides  implying 
expense  of  buying,  preparing  and  setting  in  place  new  refractory 
material  in  its  stead.  Finally,  the  blast  needed  for  its  removal 
implies  expense  for  fuel,  for  wages  of  engineers  and  firemen,  and  for 
wear  and  tear  of  engines  and  boilers. 

For  all  these  reasons,  the  less  silicon  we  can  get  on  with  the  better, 
and  much  the  same  may  be  said  of  manganese.  Coke  is  cheaper 
than  silicon.  It  pays  to  burn  an  excess  of  coke  in  the  cupola,  if  by 
thus  increasing  the  metal's  actual  heat  we  lessen  proportionally  the 
potential  heat — that  is,  the  silicon — which  it  must  have.  But  in  our 
practice  this  is  unnecessary,  thanks  to  our  quick  blowing  and  short 
intervals;  we  use  only  enough  coke  to  thoroughly  liquefy  the  iron. 

Rate  of  Removal  of  Non- Ferrous  Elements — Table  II.,  which 
gives  the  composition  of  the  metal  and  the  slag  at  different  periods 
in  a  typical  American  blow,  shows  the  results  of  a  laborious  investi- 
gation carried  out  for  this  paper  by  Mr.  Frank  Julian,  chief  chemist 
of  the  Illinois  Steel  Company's  works  at  South  Chicago.  Our 
hearty  thanks  are  due  him. 

There  appears  to  be  a  slight  removal  of  phosphorus.  As  the  loss 
of  weight  in  conversion  was  9.37  per  cent.,  the  resulting  steel  should 
contain  0.116  per  cent,  of  phosphorus,  if  all  the  phosphorus  present 
in  the  initial  charge  were  concentrated  in  it.  Actually  the  steel 
contains  0.109  per  cent.,  the  discrepancy  being  0.007  per  cent.,  or 
1.59  pounds  of  phosphorus;  certainly  a  very  small  quantity  when 
distributed  over  ten  tons  of  metal.  The  slag  contains  a  small 
quantity  of  phosphorus,  which  increases  up  to  the  time  of  adding 
the  spiegeleisen,  when  it  again  falls  off.  Unfortunately  the  weight 
of  the  final  slag  is  unknown  ;  but,  from  internal  evidence,  I  estimate 
that  it  was  probably  between  1200  and  1900  pounds;  and  hence 
that,  containing  as  it  did  0.010  per  cent,  of  phosphorus,  it  should 
have  held  between  0.12  and  0.19  pounds  of  this  element. 

Can  so  siliceous  a  slag  contain  even  this  trifling  proportion  of 
phosphorus,  in  presence  of  molten  iron  ?  It  is  possible  that  the 
phosphorus  was  not  uniformly  distributed  throughout  the  slag,  but 
was  scorified  locally  from  shots  of  iron  during  and  after  the  removal 
of  the  slag  from  the  vessel.  These  shots,  suspended  in  the  elag, 
would  oxidize,  surrounding  themselves  with  a  little  shell  of  slag 
more  highly  ferruginous  than  the  great  mass  in  which  they  were 
suspended,  and  from  them  phosphorus  would  pass  into  this  locally 
basic  layer  of  slag.  It  is  true  that  metallic  iron  and  magnetic 
oxides  and  silicates  were  removed  by  means  of  a  magnet  before 
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analyzing  the  slag.  But  while  the  layers  of  slag  immediately 
against  the  shots  of  metal  might  well  be  sufficiently  magnetic  to  be 
thus  removed,  some  of  the  phosphorus  might  well  pass  beyond  these 
magnetic  layers  into  outer  ones,  which,  though  still  basic  enough 
to  retain  phosphorus,  were  not  ferruginous  enough  to  be  readily 
separated  magnetically.  The  fact  that  the  weight  of  phosphorus 
accounted  for  by  the  slag  is  only  about  one-tenth  of  that  apparently 
lost  by  the  metal,  agrees  with  this  view ;  most  of  that  scorified 
remaining  in  the  magnetic  inner  layers  of  slag  next  the  shots,  and 
being  separated  thus  by  the  magnet. 

A  very  appreciable  quantity  of  phosphorus  may,  however,  exist 
in  a  siliceous  slag  under  favorable  conditions.  Thus,  a  heat  was 
very  badly  overblown  at  the  North  Chicago  Steel  Works  in  1878, 
so  badly  that  only  two  ingots  were  made;  but  the  full  charge  of 
spiegeleisen,  intended  for  normal  conditions,  was  added  on  recar- 
burizing.  The  composition  of  the  resulting  metal  and  slag  was  as 
follows : 

Metal.  Per  cent. 

Carbon, 70 

Silicon, 085 

Phosphorns, 157 

Manganese, 93 

Slag.  Per  cent. 

Manganous  oxide,   . 2.68 

Ferrous  oxide, 46.20 

Silica, 41.30 

Alumina,          . 5.50 

Phosphorus, .03 

95.71 

As  the  spiegeleisen  doubtless  dragged  much  of  the  phosphorus 
back  from  slag  to  metal,  there  is  every  reason  to  believe  that  this 
decidedly  acid  slag,  before  recarburl?;ing,  held  much  more  than  0.03 
per  cent,  of  phosphorus.* 

The  gradual  increase  of  phosphorus  in  the  slag  till  the  end  of  the 
blow,  and  its  sudden  fiill  on  recarburizing,  may  possibly  be  con- 
nected with  the  growing  viscidity  of  the  slag,  as  its  proportion  of 
silica  increases  from  42.40  to  63.56  per  cent,  towards  the  end  of 
the  blow,  and  with  its  again  becoming  more  liquid,  as  its  content 
of  manganous  oxide  rose  from  8.88  to  13.72  per  cent,  on  recar- 
burizing, the  quantity  of  shots  suspended  increasing  with  the 
viscidity  of  the  slag.     But  I  think  that  a  more  important  factor 

*  R.  Forsyth,  private  communication,  October  18,  1890. 
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is  the  progressive  diminution  in  the  proportion  of  carbon  and 
silicon  contained  in  the  metal,  which  thus  held  its  phosphorus 
less  and  less  tenaciously,  and  acted  less  and  less  energetically  in 
deoxidizing  phosphates  in  the  surrounding  slag.  So,  too,  the  gain 
in  carbon  and  manganese  on  recarburizing,  with  consequent  in- 
creased resistance  to  scorification  of  phosphorus,  goes  to  explain 
the  sudden  fall  in  the  phosphorus-content  of  the  slag  at  the  end. 


Table  II. — Removal  of  Non-Ferrous  Elements. — F.  Julian. 


Description. 

Initial  Charge. 

Time  of  Actual 

Blowing. 

Steel 

After 

Molten 

Scrap, 

Ave- 

2 Min. 

3  Min. 

6  Min. 

8  Min. 

9  Min. 

9  Min. 

adding 

Metal. 

Esti- 
mated. 

rage 

OSec. 

20  Sec. 

3  Sec. 

8  Sec. 

10  Sec. 

20  Sec. 
A. 

Spie- 
gel- 
eisen. 

Carbon,  .    . 

3.10 

0.36 

2.98 

2.94 

2  71 

172 

0.53 

0.04 

4  64 

0.45 

Silicon,  .    . 

0.98 

0.08 

0.94 

0.63 

0.33 

0.03 

0.03 

0.02 

0.35 

0.038 

Manganese, 

0.40 

0.97 

L43 

0.09 

0.04 

0.03 

0.01 

0.01 

14.90 

1.15 

Phosphonis, 

O.IOI 

O.IO 

0.104 

0.106 

0.106 

0.017 

0.018 

0.139 

0.109 

Pnlphur,     . 

0.06 

0.08 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.059 

Silica,     .    . 

42.40 

50.26 

62.54 

63.56 

62.20 

Alnmina,   . 

5.63 

5.13 

4.06 

3.01 

2.76 

Ferrous  oxide 

40.29 

34.24 

21.26 

21.39 

17.44 

Ferric  oxide, 

4.31 

0.96 

1.93 

2.63 

2.90 

Mangan.  oxid 

e 

6.54 

7  90 

8.79 

8.88 

13.72 

Lime,     .    . 

L22 

0.91 

0.88 

0.90 

.87 

Magnesia,  . 

0.36 

0.34 

0.34 

0.36 

.29 

Phospiioriis, 

0.008 

0.008 

0.010 

0.014 

.010 

Sulphur,     . 

0.009 

0.009 

0.014 

0.008 

.011 

Appearance  0 
flame, 

'}•■■ 

..." 

r 

silicon 
flame 

bright- 
ening 

moder- 
ate 
carbon 
flame 

full 
carbon 
flame 

flame 
drops 

blown 
10  sec- 
onds 
after 

1 

drop 

^ 

Cubic  ft.  of  ai 

r      ... 

34,502 

30,628 

53,481 

45,265 

26,430 

1,868 

(yubie  ft.  of  ai 
per  minute 
H. 

'}... 

17,251 

22,971 

19,691 

21,810 

25,685 

11,208 

Date, 
1890. 

Turn. 

No. 

of 

Heat. 

Converter  Record. 

Record  of  Blow. 

Ms 

22 

"3 

ac/3 

as  0 

0) 
Of 

'S. 

i  a     Tuy 

!«!   No. 

eres. 

No. 

Tempera- 
ture. 

<M  bo 

0  a 

Turned 
Down. 

Spiegel 
Reaction. 

Aug.  13 

Day 

18,398 

21,500 

1000 

800 

2500 

4th 

11 

3 

Medium 

Quick 

Fast 

Medium 
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Date, 

1890. 

Turn. 

No. 

of 

Heat. 

Ladle  Record. 

Ingot  Record. 

Blooji 
Record. 

Rail 
Record. 

1 

c5? 

Nozzle. 

eq 

ii 

II 

2^ 

o  o 

Number  of 
Ingots  Cast. 

Kind  of  Ingots. 

1 

a 

0) 

Time 
in  Git. 

U4 

o 

1 
6 

c 
o 
o 

Size. 

3_a 

o 

Aug.  13 

Day 

1839 

Fast 

1%" 

3d 

Quiet 

Quiet 

Warm 

7%  m 

Left 

B.  A. 

1 

23 

Clean, 
■without 
cracks. 

80$ 

23 

0 

Note. — A.  Sample  V.  was  taken  after  blowing  9  minutes  and  10  seconds.  The 
vessel  was  then  turned  up  again,  and  blowing  was  continued  for  10  seconds  more, 
when  the  spiegeleisen  was  added,  no  sample  of  either  metal  or  slag  being  taken 
before  adding  it.     After  adding  it,  Sample  VI.  of  both  slag  and  metal  was  taken. 

JB.  The  volume  of  blast  is  calculated  from  the  volume  of  the  blast  cylinders, 
without  deducting  for  leakage  or  clearance. 

The  barometer  in  the  engine-room  read  29-79  inches;  the  temperature  was  36° 
C.  (96.8°  F.)  in  the  engine-room.     The  blast-pressure  was  27  lbs.  per  square  inch. 

Each  of  the  fourteen  tuyeres  has  twelve  holes.  Those  in  eleven  of  the  tuyeres 
are  f  inch  in  diameter;  those  in  the  remaining  three  tuyeres  are  h  incli  in  diameter. 


Length  of  Blow. — Thi.s  depends  on  the  composition  of  tlie  iron, 
the  hlast-pre.ssure,  the  area  of  the  tuyere-holes  per  ton  of  metal  in 
the  charge,  and  the  depth  of  the  bath  of  metal  in  the  converter. 
Our  blast-pressure  u.sually  lies  between  20  and  25  pounds  per  square 
inch,  and  we  provide  from  2  to  4  .square  inches  of  tuyere-hole  area 
per  ton  of  metal.  These  conditions  are  thus  about  the  same  as  in 
modern  European  practice.  The  chief  reason  why  our  blows  are  so 
much  shorter  than  the  European  ones,  then,  is  that  our  iron  is  so 
relatively  free  from  silicon;  but  our  bath  of  metal  may  be  enough 
shallower  than  the  European  to  contribute  to  the  result.  The  length 
of  the  blow  in  our  fast-running  works  is  usually  from  eight  to 
fourteen  minutes,  though  it  is  rather  longer  than  this  when  direct- 
metal  is  used.  The  Union,  Scranton  and  Homestead  works  have 
each  run  for  a  whole  shift  at  the  rate  of  one  heat  in  9.86,  in  9.28 
and  in  7.87  minutes  respectively.  The  depth  of  metal  in  our  newer 
vessels  is  usually  from  12.5  to  15.5  inches. 

Heavy  blast-pressure,  of  course,  costs  more  than  light  for  steam, 
and  for  wear  and  tear  of  boilers  and  engines.  It  has  the  compen- 
sating advantage  of  prolonging  the  life  of  the  bottoms.  On  the  one 
hand  it  protects  the  bottom  by  lifting  the  metal,  there  charged  with 
most  corrosive  iron  oxide,  away  from  the  tuyere-ends  ;  and  by  cool- 
ing tho.se  tuyere-ends,   both    by  holding  the   hot   metal  away  from 
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them  and  by  causing  vaster  volumes  of  rapidly  expanding,  and  hence 
cooling,  air  to  pass  through  them.  On  the  other  hand,  the  increased 
velocity  of  the  air  tends  to  increase  the  abrasion  or  corrasion  of  the 
tuyere-ends.  As  might  be  expected,  experience  indicates  that  its 
protective  greatly  outweighs  its  injurious  effect;  and  that  increasing 
the  blast-pressure  lengthens  the  life  of  the  bottoms.  Up  to  what 
pressure  it  would,  on  this  account,  pay  to  compress  the  blast,  must 
depend  on  the  relative  cost  of  steam  and  of  bottoms.  I  can  only  say 
that  our  best  engineers  think  that  we  have  not  passed  the  limit  of 
economy.  The  fact  that,  though  we  use  non-compound  and  not 
particularly  economical  blowing-engines,  the  total  fuel-consumption 
for  steam  is  sometimes  only  about  200  pounds*  per  ton  of  ingots,  or 
9  per  cent.,  harmonizes  with  this  belief.  Usually,  however,  the 
boiler  coal-consumption  per  ton  of  ingots  is  larger  than  this  :  the 
yearly  returns  for  one  very  well-managod  works  making  an  enor- 
mous output,  and  using,  1  believe,  the  poor  Illinois  coal,  give  it  as 
309  pounds;  those  of  another,  also  making  an  enormous  output,  but 
not  so  well  managed,  gave  it  as  350  pounds.  In  still  another  old 
but  well-managed  mill  it  rises  to  about  400  pounds. 

Large,  Outputs. — Turning  next  to  our  large  outputs,  one  naturally 
asks,  "  How  are  they  made  ?  "     and  "  Do  they  pay  ?  " 

One  of  the  two  essentials  of  large  output,  short  heats,  we  have 
just  considered.  The  other,  short  intervals  between  heats,  implies 
such  arrangements  for  preparing  the  cast-iron,  for  conversion,  for 
teeming  the  steel,  and  for  stripping  and  removing  ingots  and  setting 
moulds,  that  no  one  of  these  operations  shall  be  greatly  delayed  in 
waiting  for  another ;  and  enough  pit-room  to  accommodate  the  ingots 
resulting  from  several  blows,  so  that  each  ingot  may  stand  in  its 
mould  long  enough  to  cool  and  solidify,  without  delaying  the  teeming 
of  subsequent  heats.  If  we  seek  very  large  output,  then,  as  soon  as 
a  heat  is  blown  in  one  vessel,  and  before  it  is  recarburized,  a  second 
must  begin  blowing  in  another  vessel  ;  and  the  first  vessel,  or  the 
third  if  there  be  three,  must  be  ready,  so  that  a  third  heat  may  begin 
blowing  as  soon  as  the  second  is  blown.  The  casting-ladle  must  re- 
ceive and  deliver  its  steel,  undergo  its  repairs,  and  be  back  ready  to 
receive  the  second  heat  as  soon  as  the  second  heat  is  ready  to  be 
poured  into  it.     So,  too,  a  second  set  of  moulds  must  be  ready  to 

*  The  manager  of  one  of  our  largest  steel-works  writes  me  (August  7,  1890)  that 
a  careful  estimate,  covering  a  continuous  run  of  eighteen  months,  gave  the  coal, 
which  wasantiiracite  of  a  common  grade,  used  for  steam-raising  in  the  (Bessemer) 
converting  department,  as  between  205  and  206  pounds  per  2240  pomids  of  ingots. 
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receive  the  second  heat  as  soon  as  the  casting-ladle  has  received  this 
second  heat  and  swung  around  to  where  the  moulds  stand,  and  so  on. 

Five  large  cupolas,  with  abundant  blast,  or  ample  arrangements 
for  bringing  metal  direct  from  the  blast-furnace,  according  to 
whether  cupola-  or  direct-metal  be  used ;  a  swift  moving  casting-crane; 
at  least  60  feet  along  the  rim  of  the  casting-pit  available  for  ingot- 
moulds,  or  room  for  at  least  four  sets  of  ingot-moulds ;  four  ingot- 
cranes;  blowing-engines,  pumps  and  hydraulic  apparatus,  capable 
of  running  continuously  for  a  week,  without  a  moment's  stoppage; 
hydraulic  pressure-pipes  that  can  neither  burst  nor  freeze;  ample 
boiler-capacity — these  are  what  the  mechanical  engineer  must  supply. 
The  administrative  head  must  arrange  that  sufficient  stores  of  pig- 
iron,  ferro-manganese,  and  spiegel ;  of  coal  and  coke ;  of  refractory 
materials,  and  of  moulds,  shall  be  ever  at  hand,  and  reach  promptly 
the  cupolas,  boilers,  repair-shops,  and  mould-yard.  He  must  organize 
the  many  groups  of  Vv^orkmen  needed  (each  group  self-contained  and 
looking  to  one  definite  director  within  or  without  its  own  limits, 
yet  each  co-operating  with  the  rest)  for  stocking  the  cupolas,  for 
charging,  tapping,  and  repairing  them  ;  a  group  charged  with  the 
care  and  repairs  of  the  vessels ;  another  with  making  the  vessel- 
bottoms;  another  with  the  recarburizer ;  another  controlling  the 
length  and  temperature  of  the  blow — but  the  Appendix  to  this 
paper  gives  a  list  of  the  thirty-four  distinct  groups  of  men  employed 
on  each  shift  at  the  Mugby  Junction  (American)  Steel  Works, 
besides  the  six  groups  employed  for  current  repairs  on  Sundays. 

But  note  that  there  is  absolutely  no  mystery  about  it.  Almost 
no  chemical  knowledge  is  needed.  A  good  mechanical  engineer  to 
build,  a  good  administrator  to  manage — to  select  his  men  with  judg- 
ment, to  treat  them  with  gentle,  just  firmness.  One  who  can,  now 
by  apj)eal  to  pride,  now  to  cupidity,  identify  the  interests  of  men 
and  of  masters  ;  who,  with  contagious  zeal,  can  extract  earnest,  in- 
telligent, and  prolonged  efforts  from  all,  while  overtaxing  and  op- 
pressing none;  whose  deft,  velvet-gloved  iron  fingers  can  hold  a 
thousand  reins,  keeping  at  each  moment  the  needed  but  varying 
tension  on  each;  who,  ever  watching  each  item  of  cost,  pares  each 
to  the  limit  of  safety.  All  this  you  knew  before;  here  is  no  more 
mystery  than  in  putting  up  a  100-pound  dumb-bell.  Given  the 
strength  of  mind  or  of  muscle,  and  it  is  simj)le  enough.  What 
mystery  in  Patti's  carolling,  in  Napoleon's  conquests,  in  Shakespeare's 
master-works,  in  your  cricketer's  batting?  Merely  skill,  or  if  you 
prefer,  skill  and  strength,  now  of  one  kind,  now  of  another. 


NOTES   ON   THE   BESSEMER   PROCESS. 


1131 


1132  NOTES   ON   THE   BESSEMER   PROCESS. 

But  does  it  all  pay  ?  Excessive  pace  kills  both  horse  and  man. 
Remember  the  hare  and  the  tortoise.  He  who  works  fourteen  hours 
a  day,  seven  days  a  week,  and  fifty-two  weeks  a  year,  so  shortens  his 
working-life  tliiit  he  accomplishes  less  than  the  more  moderate 
worker.  In  medio  tutissimus  ibis.  You  Americans  go  at  such  a  pace 
that  you  wear  out  your  lives  and  your  machinery.  Your  large  outputs 
cost  you  more  per  ton  of  ingots  than  our  small  ones. 

Such  similes,  such  rebukes  are  familiar  to  most  American  metal- 
lurgists who  have  visited  European  works.  While  there  may  be  a 
certain  residuum  of  truth  in  them,  there  is  certainly  an  incomparably 
greater  mass  of  fallacy. 

Efeet  of  Rapid  Running  on  the  Machinery. — Let  us  consider  first 
the  machinery  ;  next  the  men. 

Realize,  first,  that  greater  output  does  not  necessarily  imply  that 
any  of  the  machinery  moves  faster ;  it  may  be,  and  in  great  part  is, 
due  to  shorter  intervals  of  rest  and  disuse.  It  means  more  nearly 
continuous,  rather  than  swifter  movements.  The  frequent  and  long 
repose  that  animals  need,  "  that  knits  up  the  ravelled  sleave  of  care," 
machinery  needs  not,  and  is  not  benefited  by.  It  is  not  true  that 
an  engine  which  runs  continuously  from  Monday  morning  to  Satur- 
day night  wilt  necessarily  make  fewer  revolutions  before  wearing 
out  than  one  which  makes  but  one-half  or  one-third  as  many 
like  revolutions  at  like  speed  each  week.  Indeed,  some  might  go 
farther,  and,  pointing  to  the  settling  of  foundations,  the  accumula- 
tion of  grit  on  bearings,  the  rusting  which  occurs  during  rest  as  well 
as  during  work,  and  to  the  stresses  set  up  by  heating  and  cooling, 
expansion  and  contraction,  each  time  the  engine  is  started  and  again 
set  at  rest,  might  claim  that,  given  occasional  intervals  for  alignment 
and  current  repairs,  the  continously-running  engine  should  make 
more  revolutions  before  wearing  out  than  the  one  used  intermittently. 

Again,  faster  blowing  implies  delivering  more  blast  per  second ; 
but  it  does  not  imply  that  the  engines  must  run  faster,  for  it  may 
be  attained  by  making  them  larger. 

Holding  thus,  that  our  system  of  enormous  output,  from  works 
intelligently  designed  for  it,  implies  no  necessary  waste  or  injury  to 
machinery,  I  must  admit  that  it  tends  strongly  to  induce  more  rapid 
movements  of  the  machinery,  which  surely  tend  to  shorten  its  life. 
But  is  not  the  tendency  of  modern  engineering  towards  greater  speed? 
Is  it  not  thouglit  that  the  saving  in  interest,  labor  and  steam,  out- 
weighs the  cost  of  the  increased  wear  due  to  greater  speed? 

But  I  anticipate  the  argument.     Finding  deductively  no  strong 
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reason  to  expect  that  our  larger  outputs  imply  wasteful  use  of  ma- 
chinery, let  us  turn  to  induction,  and  see  what  the  wear  and  tear  of 
our  machinery  actually  is. 

The  first  American  Bessemer  works  were  built  at  Troy  and  Wyan- 
dotte in  1864.  The  Wyandotte  works  were  abandoned  in  1869  ;  but 
one  of  their  old  cranes  is  still  in  vigorous  activity  at  the  Bessemer 
works  at  North  Chicago,  which  for  a  time  excelled  all  others  in  size 
of  output.  This  archaic  crane  has,  indeed,  received  a  new  plunger, 
but  has  undergone  no  other  renewals,  and,  after  more  than  a  quarter 
of  a  century  of  our  American  high-pressure  system,  does  two-thirds 
of  the  work  of  its  mill. 

The  Troy  works,  burned  down  in  1868,  were  rebuilt  in  1869,  still 
in  an  experimental  way.  The  subsequent  doubling  of  the  weight 
of  the  charges  has  necessitated,  changing  most  of  the  machinery  ;  but 
the  old  blowing-engines  are  still  in  constant  use. 

The  same  cause,  increasing  the  weight  of  the  charges,  has  led 
to  the  renewal  of  much  machinery  in  most  of  the  older  works. 
But  at  the  North  Chicago  Bessemer  works,  started  in  1872,  the 
original  cupolas  (both  for  cast-iron  and  for  sj)iegeleisen),  vessels, 
cranes,  ladles,  pumps,  and  engines,  are  still  in  service  without  re- 
newals, save  the  single  crane-plunger  already  noted,  and  the  center- 
section  of  each  vessel.  The  bodies  of  the  iron  cupolas  liave  been 
repaired,  but  the  rest  of  the  cupolas  have  needed  nothing  but  an 
occasional  coat  of  paint.  All  the  original  ladles  are  not  only  in  use, 
but  promise  yet  to  do  as  much  work  as  they  have  already  done. 

The  Cambria  Bessemer  works  were  built  in  1868-69.  The 
annual  output  has  grown  from  30,000  tons  in  1873  to  over  120,000 
in  1880,  and  ^10,000  in  1888.  They  long  disputed  with  North 
Chicago  the  palm  for  great  output.  The  greatly  increased  output 
and  weight  of  charge  have  led  to  the  abandonment  of  the  original 
antiquated  cupolas  and  of  the  ladle-crane ;  to  enlarging  the  bottom- 
ovens,  the  stock-hoist,  and  the  end-sections  of  the  converters ;  and 
to  erecting  additional  boilers  and  engines.  While  the  original  ladles 
have  been  worn  out,  the  original  ingot-cranes,  boilers,*  pressure- 
pumps  and  blowing-engines  are  still  serviceable  and  in  use.  The 
original  reverberatory  spiegel-furnaces,  pressure-pumps,  and  fan- 
blowers  have  given  place  to  cupolas,  compound  pumpingengines 


*  The  original  boilers  have  been  retiibed  ;  the  old  pressure-pumps  are  now  used 
as  boiler  feed-pumps;  and  the  old  ingot-cranes  have  been  strengthened  to  meet  the 
fourfold  increase  in  the  weight  of  the  ingots,  from  about  1500  to  6500  pounds. 
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and  Baker  blowers.  But  for  the  ladles,  one  might  say  that  all  the 
original  permanent  plant  was  still  in  use,  except  what  had  become 
unbearably  antiquated,  and  what  could  not  be  used  because  of  the 
greater  weight  of  charges — in  short,  except  only  what  was  out- 
grown. 

So  far  as  my  inquiries  have  gone,  in  the  great  majority  of  cases, 
machinery  has  been  replaced,  not  because  worn  out,  but,  though 
still  fit  far  the  work  for  which  it  was  designed,  either  because  it  was 
unequal  to  the  enormously  and  unexpectedly  increased  duties  due  to 
increased  w^eight  of  charge,  or  because  it  could  be  replaced  advan- 
tageously by  more  efficient  machinery  of  later,  or  at  least  better, 
design.  In  this  day  of  rapid  mechanical  progress,  it  must  often 
happen  that  machinery  becomes  antiquated  long  before  it  is  worn 
out.  The  mammoth  office-buildings  erected  in  my  boyhood,  with 
all  the  then  modern  improvements,  are  torn  down  to-day,  not  be- 
cause worn  out — they  would  stand  for  centuries — but  solely  because 
they  are  unsuited  to  to-day's  needs.  To  the  eye  of  progress  we  are 
still  in  the  middle  ages. 

Now  the  length  of  time  needed  to  render  a  machine  antiquated, 
and  to  justify  replacing  it  with  a  better,  depends  not  on  how  much 
it  works,  and  how  much  it  rests  each  day,  but  on  the  progress  of  the 
rest  of  the  world. 

Suppose  that  we  have  an  engine  which  can  make  just  one  billion 
revolutions  before  wearing  out.  If  mechanical  progress  be  such  that 
it  compels  us  to  displace  this  engine  at  the  end  of  ten  years,  the  pro- 
portion of  the  engine's  first  cost  chargeable  to  each  ton  of  product 
will  be  only  one-tenth  as  great  in  case  it  has  then  already  made  its 
billion  revolutions,  as  if,  thanks  to  leisurely  interruptions,  its  average 
work  has  been  at  the  rate  of  one  billion  revolutions  in  one  hundred 
years.  If  a  machine  is  to  be  thrown  out  before  it  can  wear  out,  the 
charge  for  its  cost  against  the  unit  of  its  useful  work  is  inversely 
proportional  to  its  average  rate  of  work. 

The  same  is  true  of  the  charges  for  interest,  insurance  and  taxes; 
while  the  fact  that  general  charges,  such  as  those  for  sale,  advertise- 
ment and  collection,  diminish  with  the  volume  of  business,  need  not 
be  dwelt  on. 

The  Report  of  the  United  States  Commissioner  of  Labor  gives 
the  cost  of  repairs  and  supplies  at  a  single  American  rail-steel  Bes- 
semer works  (and  a  slow-running  one  at  that,  making  only  479  tons 
daily),  as  $0,453,  against  from  $0,541  to  $1.52,  or  an  average  of 
$1.07  for  eight  British  and  Continental  rail-steel  Bessemer  works, 
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three  of  them  basic,  five  acid.*  But  such  comparisons  must  be  re- 
ceived very  cautiously,  owing  to  differences  in  book-keeping. 

In  the  only  case  in  which  I  have  exact  trustworthy  data,  the 
actual  cost  of  repairs  to  an  American  Bessemer  converter-depart- 
ment, including  cupolas  and  ingot-locomotives  and  cars,  is  $0,174 
per  ton  of  ingots, f 

To  sum  up,  our  system  of  large  outputs  then,  on  the  one  hand, 
certainly  lowers  the  charges  for  installation,  interest,  taxes  and  in- 
surance; on  the  other  hand,  the  actual  history  of  the  mac^hinery 
itself,  and  the  actual  cost  of  repairs  in  some  of  our  oldest  and  most 
rapid  works,  by  no  means  surest  that  our  high-pressure  system 
causes  excessive  wear  and  tear,  or  that  it  lessens  the  grand  total  life's 
work  of  the  machinery  and  plant.  And  this  is  easily  understood  on 
remembering  that  great  output  is  due  rather  to  shortened  intervals 
of  disuse  than  to  rapid  motion. 

Effect  of  Rapid  Running  on  Labor. — So  much  for  the  machinery. 
Turn  we  now  to  the  men. 

Larger  outputs  imply  a  larger  number  of  men,  without  materially 
increasing  the  number  of  kinds  of  operations  to  be  jierformed. 
Hence  each  man  should  become  more  skilled  in  the  smaller  range 
of  operations  to  which  his  work  is  restricted.  These  he  should  per- 
form not  only  more  quickly,  hence  accomplishing  more  useful  work 
with  a  day's  labor,J  but  with  greater  economy  of  power,  of  the  fuel 
or  other  material  which  he  uses,  with  less  wear  and  tear  of  tools  and 
machinery,  and  in  general  better,  with  results  fitting  more  closely 
the  general  needs,  and  so  lightening  the  labor  of  his  co-workers,  and 
lessening  the  needed  supervision  and  instruction. 

Or,  if  the  sum  of  his  useful  work  be  not  increased,  its  smaller 
range  should  permit  us  to  employ  less  intelligent  and  costly  men. 
In  either  case  we  have  here  a  first  gain. 


*  A  Preliminary  Report  on  (he  Cost  of  Production  of  Pig-Iron,  etc.  By  the  Com- 
missioner of  Labor,  Washington,  1890,  pp.  31-33. 

f  The  cost  of  such  repairs  consists  chiefly  of  the  wages  of  machinist",  black- 
smiths, etc.  In  the  neighborhood  of  these  works,  laborers  are  paid  $1.68  per  twelve- 
hour  shift;  enginemen  suitable  for  small  locomotives,  $2.50;  enginenien  for  large 
engines,  $3.25;  blacksmiths,  $2.50;  handy-men,  attending  to  current  repairs  to  ma- 
chinery, $2.75. 

X  Let  us  take  as  the  unit  of  work  a  day's  labor,  that  is  to  say,  tiie  labor  of  one 
man  for  one  shift.  It  varies  in  value  and  cost,  just  as  coal  does;  still,  like  the  ton 
of  coal,  it  is  a  better  unit  than  the  dollar's-worth,  since  it  is  free  from  one  source  of 
variation,  the  diflerence  in  the  money-value  of  like  kinds  at  diflierent  times  and 
places. 
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Next,  as  operations  succeeded  each  other  more  rapidly,  so  should 
a  smaller  proportion  of  the  AA'orkmen's  time  be  lost  between  them, 
if  not  in  rest,  at  least  in  slackened  activity. 

Ao-ain,  we  cannot  employ  fractions  of  men.  Where  given  work 
is  two  and  a  quarter  times  as  much  as  one  man  can  do,  we  must 
actually  employ  three.  Here  we  have  what  I  may  call  a  fractional 
excess  of  three-fourths  of  a  man.  Now  it  should  be  clear  that  when, 
as  in  rapid  running,  many  men  are  employed  at  a  given  task,  this 
fractional  excess  tends  to  bear  a  smaller  ratio  to  the  whole,  and 
hence  to  the  output,  than  when  few  are  employed. 

Finally,  there  is  a  certain  nucleus  of  skilled  men — blower,  chemist, 
blacksmith,  timekeeper,  foreman,  etc. — whose  wages  resemble  the 
fixed  charges  of  the  railway  more  than  do  those  of  the  other  work- 
men, which  rather  resemble  the  working-charges.  I  do  not  insist 
on  an  exact,  but  merely  on  an  approximate  resemblance.  Now, 
clearly,  the  greater  the  output  the  less  heavily  do  these  quasi-fixed 
charges  fall  on  the  unit  of  product. 

It  is  not  easy  to  see  how  rapid  running  should  increase,  to  any 
considerable  extent,  the  work  to  be  done.  At  first  sight  one  might 
suppose  that  there  would  be  more  work  connected  with  the  moulds, 
since  in  rapid  running  they  must  be  specially  cooled,  while  in 
leisurely  work  they  cool  soon  enough  spontaneously.  But  even 
with  the  enormous  output  at  Adonde,  two  boys  on  each  twelve-hour 
shift  suffice  for  cooling  the  moulds.  The  labor  connected  with 
setting  and  stripping  the  moulds  is  no  greater  when  they  are  artifici- 
ally cooled  between  leaving  and  returning  to  the  pit,  than  when  they 
return  to  the  pit  immediately  after  leaving  it.  In  either  case  the 
same  number  of  operations  is  performed,  and  in  the  same  way.  The 
mould  must  be  lifted  from  the  ingot,  set  down,  left  while  its  ingot 
is  taken  from  the  pit,  and  then  returned;  in  one  case  after  cooling, 
or  even  after  an  excursion  on  its  car  to  the  mould-yard  and  back,  in 
the  other  case  immediately.  In  either  case  the  ingot  should  be 
strip|)ed  as  soon  as  possible,  so  as  to  save  its  initial  heat ;  hence 
the  trouble  from  temporary  stickers  should  be  the  same  in  either 
case. 

Next,  when  the  intervals  between  heats  are  short,  the  vessel- 
linings  and  bottoms  have  little  chance  to  cool ;  hence  they  should 
wear  out  more  quickly,  or  at  least  the  labor  needed  to  keep  them  in 
order,  by  patching,  blinding  tuyeres,  etc.,  should,  it  may  be  claimed, 
be  greater  than  in  case  of  more  leisurely  running.  A  partial  answer 
to  this  is  that  the  short  intervals  permit  the  use  of  low  silicon,  and 
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hence  short  blows,  and  that  the  destructive  eflfect  of  each  blow  must 
increase  with  its  length. 

A  better  answer,  however,  is  that  actually  the  number  of  days' 
labor  of  the  vessel-men  per  ton  of  ingots,  is  less  in  swift-running 
American  than  in  European  Bessemer  works,  at  least  so  far  as  my 
investigations  go;  indeed,  in  the  case  of  this  group  our  labor- 
consumption  compares  exceptionally  well  with  the  European. 

Again,  it  may  be  said  that  to  move  objects  more  rapidly  calls  for 
a  greater  expenditure  of  strength  for  each  motion,  and  hence  ulti- 
mately for  a  greater  labor-consumption,  by  calling  either  for  a  short- 
ened shift  or  for  additional  help.  In  the  case  of  most  of  the 
operations  connected  with  the  converting-department,  however, 
greater  output  does  not  require  that  any  one  manual  operation  be 
performed  more  quickly,  but  merely  that  one  succeed  another  more 
quickly.  Double  the  quantity  of  iron  to  be  melted,  and  you  must 
double  the  number  of  stockers  and  chargers,  each  of  whom  will  still 
move  at  the  same  rate  as  before. 

But  where,  as  in  the  case  of  the  cranes,  the  number  of  instruments 
available  is  limited,  then,  indeed,  greatly  increased  output,  while 
in  part  due  to  shorter  intervals  of  rest,  may  well  lead  to  more  rapid 
movement.  This  objection  to  large  outputs  is  met,  however,  by 
using  mechanical  appliances  for  rotating  the  cranes,  as  well  as 
for  lifting  them.  When  this  is  done,  and  in  many  other  cases, 
those  of  the  engines,  pumps,  etc.,  in  which  the  work  is  done  by 
machinery,  the  workman  simply  directing,  more  rapid  movement 
merely  means  that  each  workman  directs  more  useful  work  per 
shift. 

This  question,  then,  whether  increased  output,  in  that  it  tends  to 
induce  more  rapid  movements,  really  calls  for  a  considerably  greater 
consumption  of  labor  per  unit  of  product  is  one  which  each  must 
answer  for  himself;  but  no  valuable  opinion  can  be  formed  without 
great  familiarity  with  the  work  in  hand,  and  careful  observation. 
Personally,  I  am  confident  that  it  does  not;  but  that,  by  com- 
pelling us  to  keep  the  machinery  in  the  best  order,  and  by  leading 
to  the  adoption  of  better  mechanical  appliances,  it  eventually  lessens 
the  labor-consumption. 

In  considering  this  question,  those  inclined  to  the  opposite  view 
must  bear  a  further  distinction  in  mind.  In  order  that  the  greater 
speed  of  the  working  shall  actually  cost  more,  it  must  be  so  ex- 
tremely excessive  as  to  lessen  the  amount  of  useful  work  which  each 
man  accomplishes  in  a  working  day.  Proof  that  the  pace  was  such 
VOL.  XIX. — 72 
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as  to  shorten  his  years  of  physical  vigor,  and  thus  lessen  the  amount 
which  he  can  accomplish  in  his  lifetime,  would,  I  apprehend,  count 
for  little  with  directors  and  managers.  The  workman  is  paid,  not 
for  his  lifetime,  but  for  the  number  of  days  which  he  actually  works, 
and  at  a  rate  which  is  governed  chiefly  by  the  law  of  supply 
and  demand,  by  the  attractiveness  of  his  occupation,  and  perhaps 
by  the  endeavors  of  the  trade-union — a  point  that  we  need  not  dis- 
cuss— and  but  remotely  and  slightly,  if  at  all,  by  the  probable 
number  of  his  working-years.  As  humanitarians,  we  might  regret 
such  diminution  of  the  gross  sura  of  the  workman's  working-power. 
As  managers,  hired  by  others  to  make  money  for  them  by  metal- 
lurgy, we  would  be  no  more  justified  in  diminishing  our  employer's 
profits  by  alloting  to  the  workman  less  work  than  he  willingly  and 
knowingly,  without  deceit  or  pressure  on  our  part,  sought  or  ac- 
cepted, tlian  we  would  be  in  substituting  machine  for  hand-puddling, 
knowing  the  former  to  be  less  profitable,  or  in  shortening  the  pud- 
dler's  shift  to  four  hours.     The  workman  is  a  free  agent. 

But  you  will  find  no  signs  of  unwholesome  exhaustion  in  our 
Bessemer  works.  Go  there  unobserved  ;  the  cheery  tones,  the  pass- 
ing jest  which  you  will  hear,  predict  no  early  decay.  No;  in  visiting 
our  works,  I  recognize  the  faces  which  I  knew  there  twenty  years 
ago,  still  full  of  force. 

Leaving  now  the  quantity  of  labor,  note  that  the  average  degree 
of  intelligence  needed,  and  hence  the  average  cost  of  a  day's  labor, 
should  be  very  much  lessened  by  rapid  running.  One  skilled 
chemist,  one  skilled  mason,  you  must  have,  be  your  output  large  or 
small.  One  blower,  one  skilled  engine-man  is  needed,  and  suffices, 
whether  you  blow  one  or  one  hundred  heats  per  shift,  whether  your 
engine  runs  continuously  or  but  a  tenth  of  the  time.  The  differ- 
ence is  that,  in  case  of  small  output,  much  of  the  time  of  these  men, 
which  you  must  pay  for  in  full  whether  you  use  it  or  not,  is  either 
wasted  or  devoted  to  work  which,  in  the  case  of  larger  output,  is 
performed  by  less  intelligent,  less  skilled,  less  costly  men.  Shorten 
your  blows,  shorten  your  intervals,  double  your  output,  and  you 
hardly  need  more  of  these  highly-skilled  men.  Most  of  the  addi- 
tional men  are  less  skilled;  many,  indeed,  are  but  assistants  of  the 
skilled  nucleus  which  is  as  necessary,  and  nearly  as  large,  in  the 
case  of  small  as  in  that  of  large  output.  And  though  the  chemist 
or  engineman  who  is  to  direct  others  must  add  executive  ability  to 
the  qualifications  he  would  otherwise  need,  and  hence  commands 
higher  pay,  yet  the  extra  expense  thus  caused  should  raise  the  average 
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cost  of  the  daily  wages  much  less  than  it  is  lowered  by  the  employ- 
meut  of  the  large  number  of  relatively  unskilled  assistants,  due  to 
the  greater  output. 

There  are  many  trivial  and  very  simple  duties,  which  call  for 
little  intelligence.  With  large  output,  those  of  each  kind  recur  so 
often  that  special,  cheap  men  can  be  fully  occupied  with  them. 
The  expensive  men,  in  cases  of  small  output,  do  these  trivial  simple 
acts  with  their  costly  labor,  which,  in  cases  of  large  output,  is 
restricted  to  the  difficult  tasks  which  require  it,  and  which  fully 
occupy  it. 

Or  if,  justified  by  the  greater  output,  on  the  unit  of  which  their 
pay  forms  a  relatively  small  charge,  you  employ  additional  skilled 
and  costly  men,  they  are  not  mere  duplicates  of  those  you  had  before  ; 
they  bring  a  diiferent  skill  and  additional  knowledge  to  your  aid, 
permitting  economies,  and  devising  improvements  otherwise  unat- 
tainable. 

To  sum  this  up,  the  greater  skill  due  to  the  smaller  range  of 
duties;  the  shorter  slack  intervals  between  successive  repetitions  of 
the  same  work  ;  the  smaller  ratio  of  fractional  excess  and  of  fixed 
charges,  to  all  of  which  an  increase  of  output  should  lead,  should 
lessen  the  quantity  of  labor  per  ton  of  product.  And  while  more 
rapid  work  might  at  first  suggest  more  rapid,  and  hence  more  fatigu- 
ing, motions  on  the  part  of  the  men,  and  thus  an  increase  in  the 
labor-consumption,  on  closer  view  it  is  seen  rather  to  mean  more 
men,  each  moving  at  the  same  old  rate,  improved  mechanism,  and 
fuller  substitution  of  machine  for  muscular  power. 

Further,  increase  of  output,  causing  us  to  employ  many  relatively 
unskilled  assistants  to  the  costly  skilled  nucleus,  should  lower  the 
average  cost  of  a  day's  labor;  or,  giving  us  additional  kinds  of  skill 
and  knowledge,  should  lead  to  economies  and  improvements. 

Turning  now  from  deduction  to  induction,  I  must  admit  that 
owing  to  the  entanglement  of  causes,  it  would  be  difficult  to  prove 
by  actual  numbers  that  any  saving  in  the  consumption  of  tools  and 
materials  was  due  to  the  increased  specialization  of  labor,  rather 
than  to  other  co-existing  causes ;  and,  further,  that  I  have  not  at 
hand  data  sufficient  to  prove  directly  that  the  greater  output  j)ermits 
a  lower  average  degree  of  intelligence,  and  thus  a  lower  average 
price  of  a  day's  labor.  But  it  is  certainly  very  striking  that,  in  the 
Mugby  pay-roll  in  the  Appendix,  the  rate  of  pay  of  52.8  per  cent,  of 
the  workmen  indicates  that  they  are  wholly  unskilled,  mere  laborers 
set  at  hard   work.     Their  highest  rate  of  pay  is  only  14  per  cent. 
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above  that  of  the  very  cheapest  men,  the  mere  sweepers.  This  52.8 
per  cent,  includes  less  than  half  the  stockers,  none  of  the  cupola- 
chargers,  and  none  of  the  thirty-four  pitmen  proper. 

Making  a  like  study  of  the  pay-roll  of  a  Continental  establishment 
in  1881,  I  find  that  only  13  per  cent,  of  the  workmen  can  be  classed 
as  laborers,  placing  in  this  group  all  who  do  not  receive  more  than 
14  percent,  higher  wages  than  the  mere  sweepers.  This  13  per 
cent,  includes  one  of  the  runner-men,  an  engine-tender,  and  all  the 
blacksmith's  helpers ;  indeed,  quite  as  high  a  class  of  men  as  I  in- 
clude in  this  group  at  Mugby. 

On  the  one  hand,  a  single  case,  especially  when  at  so  remote  a 
period,  does  not  offer  convincing  evidence ;  on  the  other  hand,  the 
establishment  is  one  of  the  most  famous,  and  reputed  to  be  one  of 
the  best  managed,  on  the  Continent. 

Sir  Lowthian  Bell  *  gives  the  wages  of  British  and  American 
cupola  and  vessel-men,  ours  being  from  67  to  160  percent.,  or  on  an 
average  123  per  cent.,  higher  than  the  British.  Yet  the  average 
wages  of  all  the  men  at  the  less  slow  of  the  two  American  mills 
which  he  quotes  is  only  30  per  cent,  higher  than  at  the  British, 
which  certainly  seems  to  imply  that  a  much  higher  proportion  of  our 
men  than  of  the  British  are  unskilled. 

If  we  take  the  average  pay  of  laborers  about  the  British  Bessemer 
works  as  70  cents,  then  the  average  British  Bessemer  day's  wage  of 
5.S.  llfd  given  by  Sir  L.  Bell  is  113  per  cent,  above  that  of  laborers, 
while  at  Mugby  Junction  the  average  daily  wage  is  only  64  per  cent, 
above  that  of  the  lowest  grade  of  laborers,  a  fact  which  strengthens 
the  suggestion  of  the  preceding  paragraph. 

Turning  now  to  the  quantity  of  labor,  i.e.,  to  the  number  of  days' 
labor  per  ton  of  ingots,  I  must  first  insist  on  the  extreme  caution 
needed  in  making  comparisons.  Not  only  does  the  quantity  of  labor 
needed  vary  greatly  with  the  method  of  working,  wholly  apart  from 
its  swiftness,  but  the  limits  of  the  truly  Bessemer  labor — the  limits 
of  the  converting-department — vary  greatly  in  different  establish- 
ments. 

The  consumption  of  labor  may  be  purposely  increased,  if  a  more 
than  equivalent  money-saving  can  be  thereby  effected  in  some  other 
respect.  Witness  the  adherence  and  even  the  return  to  the  use  of 
cupola-metal  in  this  country.  So,  too,  it  may,  and  often  does,  pay 
to  employ  men  who  are  not  absolutely  necessary,  that  they  may  pro- 

*  Principles  of  the  Manufacture  of  Iron  and  Steel,  1884,  p.  573. 
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lono-  tl.e  life  of  the  moulds,  bottorn-laaies,  etc.;  or  that  they  may 
prevent  the  cracking  of  ingots,  promote  regularity,  save  metal,  etc. 
Liberality  in  this  respect  is  wise. 

Next,  the  limits  of  the  converting-department  are  a  matter  ot  book- 
keeping; no  natural  exact  limits  exist.  In  comparing  the  nominally 
full  list's  of  all  the  converting-department  men  given  me  by  some 
European  managers,  whose  works  I  have  lately  visited,  with  the 
Mugby  Junction  pay-roll,  I  find  that  from  32  to  38  per  cent,  of  the 
men  classed  at  ^lugby  Junction  in  the  Bessemer  department  are  in 
other  works  classed  outside  it.  And  if  we  would  compare  the  pay- 
roll at  Muo-by  Junction  with  those  of  some  foreign  mills  using  direct- 
metal  we  would  have  to  exclude  in  one  case  52  per  cent.,  in  another 
59  per  cent.,  of  the  Mugby  men. 

Among  the  doubtful  classes,  included  at  Mugby,  but  excluded 
from  the  Bessemer  department  at  many  other  works,  are: 

1.  Those  bringing  iron,  coke  and  refractory  materials  from  the 

stockyards  or  cars  into  the  steel-works. 
2    The  superintendents,  weighmasters,  clerks  and  time-keepers 

3.  The  switchmen  and  the    locomotive-men,  moving   moulds, 

ingots  and  bottoms. 

4.  The  men  engaged  in  crushing  and  roughly  preparing  the  re- 

fractory materials. 

5.  The  men  at  the  drop. 

6.  The  enginemen  and  stokers. 

7.  The  blacksmiths. 

8.  Those  carrying  cupola-slag  away  from  the  Bessemer  depart- 

ment. 
9  The  machinists  and  others  engaged  in  current  repairs, 
lo'.  Those  engaged  in  repairs  and  other  work  on  Saturday  night 
and  Sunday. 

With  this  caution  I  submit  the  following  statements  concerning 
the  labor  consumption  at  American  and  foreign  mills : 

In  1876,  when  our  output  per  pit  per  24  hours  was  about  225  to 
250  tons  about  0.67  day's  labor  yielded  a  ton  of  ingots  at  American 
1111;  mills,  according  to  Kupelwi.ser's  data,  or  0.64  day's  labor 
in  the  case  of  the  Edgar  Thomson  works.* 

*  Trasenter,  "  L'Industrie  Siderurgigue  aux  tiaU  UnU  d'Amirique;'  1886,  pp.  232 
-236. 
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In  1879,  the  number  of  days  of  labor  per  ton  of  ingots  at  one 
British  Bessemer  works  was  9.47  per  cent,  greater,  and  at  another 
32.14  per  cent,  greater,  than  in  current  American  practice,  according 
to  data  furnished  by  Holley.* 

In  1880,  comparing  the  United  States  census  returns  and  the  Bel- 
gian mineral  statistics,  Trasenter  finds  that  the  annual  output  of  fin- 
ished product  per  workman  was  : 

In  the  United  States  (Bessemer  and  open-hearth  processes),  82 
tons. 

In  Belgium  (Bessemer  process),  48  tons. 

76  per  cent,  of  the  American  and  72.5  of  the  Belgian  output 
was  rails. 

According  to  data  collected  by  Trasenter,  apparently  in  1884,  the 
number  of  days  of  labor  per  ton  of  ingots  in  Bessemer  works  was  as 
follows: 


Direct- 
Metal. 


American : 

Works  A,  direct-metal i     0.41 

Works  B,  direct-metal,  stokers,  blacksmiths  and  refrac-  )        ^  ^a? 

tory-materials-men  excluded / 

Works  C,  cupola  metal 

Works  D,  cupola-metal 

Belgian : 

Direct-metal 3-.4 

Cupola- metal 


Cupola- 
Metal. 


0.476 
0.41 


0.4-0.5 


In  1884,  Sir  Lowthian  Bell  instanced  a  rather  slow  and  a  very 
slow  American  Bessemer  mill,  in  which  the  output  per  day's  labor 
was  39  per  cent,  and  9  per  cent,  less,  respectively,  than  in  current 
British  practice ;  and  he  seemed  inclined  to  think  that  our  swift  work 
called  for  great  expenditure  of  labor,  though  apparently  meaning  to 
imply  to  the  reader  that  these  were  but  impressions,  and  that  his  data 
did  not  warrant  decided  opinions.f 

As  the  works  which  he  quotes  were  both  slow  ones  for  America, 
making  respectively  only  117  per  cent,  and  65  per  cent,  of  the  cur- 
rent British  output,  their  evidence  does  not  bear  on  the  present  com- 
parison, which  is  as  to  the  effect  of  our  very  swift  running  on  the 
consumption  of  labor. 

During  the  spring  of  the  present  year  I  obtained  from  the  man- 


*  Reports  to  the  Bessemer  Steel  Company,  No.  2,  1880,  p.  21. 
t  Principles  of  the  Manufacture  of  Iron  and  Sttel,  1884,  p.  572. 
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agers  of  three  British  and  one  Belgian  Bessemer  works  wliich  I 
visited,  what  purported  to  be  (H)inplote  lists  of  their  Bessemer  men. 
They  were  given  from  memory,  and  pretty  broad  experience  has 
shown  me  that,  under  these  conditions,  the  manager  seldom  remembers 
all  the  men  ;  at  least,  he  is  almost  certain  to  exclude  many  who  lie 
near  the  limit  of  the  converting-department,  and  who  are  included  in 
the  Mugby  list. 

Throwing  out  from  the  Mugby  list  those  men  whose  duties  are 
quite  clearly  excluded  from  the  European  lists,  I.  find  that  the  time 
of  labor  per  ton  of  ingots  at  the  European  works  exceeds  that  at 
Mugby  as  follows : 

Per  cent. 

At  Works  A  bv 0 

At  Works  B  by 17 

At  Works  C  by 45 

At  Works  D  by H 

Average,     .         .         .     18.25 

Looking  a  little  further,  I  find  that  the  difference  lies  ju.st  where 
we  should  expect  it,  in  those  classes  of  men  whose  time  is  likely  to 
be  incompletely  occupied  in  leisurely  practice.  Such  are  the  vessel- 
men,  ranch  of  whose  time  may  be  wasted  when  the  blows  and  the 
intervals  between  them  are  long,  the  enginemen,  the  blowers  and  the 
box-  or  stage-men.  On  the  other  hand,  in  those  classes  whose  time 
can  readily  be  fully  occupied,  even  in  leisurely  practice,  such  as  the 
stockers,  the  cupola-chargers  and  the  pit-men,  the  economy  effected 
by  rapid  running  is  less  conspicuous. 

At  the  very  fast-running  American  Bessemer  works  at  Middle- 
march,  in  which  over  47  per  cent,  of  the  employes  are  merely  laborers, 
the  labor-consumption  during  a  month  of  exceptionally  great  output 
was  only  0.374  day  per  ton  of  ingots,  when  using  cupola-metal. 
In  four  consecutive  nionths,  when  using  cupola-metal,  it  was  only 
0.403  day.  In  both  cases  all  the  doubtful  classes  already  enumer- 
ated are  included,  and  the  data  are  most  trustworthy.  The  first  is 
below,  the  second  barely  reaches,  the  lower  limit  claimed  by  Tra- 
senter  for  Belgian  cupola-metal  practice;  and  my  observations 
in  Belgium  indicate  that  a  much  smaller  proportion  of  unskilled 
men  is  employed  there  than  here,  and  that  the  u.sual  limits  of  the 
converting-department  there  exclude  many  men  included  at  Middle- 
march. 

Turning  back  to  three  complete  pay-rolls  from  European  Bes.se- 
mer  works  for  1879,  I  find  that  the  labor-consumption    per   ton 
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of  ingots  then  exceeded  the  present  consumption  at  Mugby  as  fol- 
lows : 

Per  cent. 
At  Works  C  (the  same  works  as  that  styled  C  just  before)  by  .         .     65 
At  Works  E  .        .     71 

At  Works  F  .  .         .  130 

Average,     .        .         .     88.7 

I  here  add  some  data  as  to  the  cost  of  labor  per  ton  of  ingots, 
though  they  cannot  well  be  applied  to  our  present  question,  for  lack 
of  definite  information  as  to  the  relative  daily  wages. 


Estimate  of  Cost  of  Bessemer  Labor  per  Ton  of  Ingots. 

America  : 

1884.  Trasenter, $1.00-1.75 

1889.  Jeansville,  cupola-metal,  very  rapid  running,  all 
doubtful  men,  smiths,  refractory-men,  stokers,  etc., 
and  all  laborers  included ;  the  author,        .        .  1.185 

1889.  Semitopolis,  very  rapid  running,  same  classes  as 
for  Jeansville  included,  direct  metal ;  the  au- 
thor   0.95 

1889.  Report  of  United  States  Labor  Commissioner, 

rail-steel, 1.522 

1889.  Report  of  United  States  Labor  Commissioner, 

nail-steel, 1.923 

Great  Britain : 

1872.  Snelus, •  $5.11 

1879.  HoUey,  repair-labor  included,  direct-metal,  .        .  .82 

Holley,  cupola-metal, .73 

1886.  Snelus, .75 

1888.  United  States  Labor  Commissioner,       .        .        .  .56 

1889.  United  States  Labor  Commissioner,        .        .        .  .65 

The  Continent  : 

1879.     Holley,   half  direct-metal, |.67 

1889.     Direct-metal,  United  States  Labor  Commissioner,      .  .44 

"        Cupola-metal, .85 

To  sum  this  up,  the  evidence  offered  goes  to  show  that  the  aver- 
age grade  of  intelligence  needed  for  rapid  running  is  lower  than 
for  leisurely  work,  agreeing  with  the  results  of  our  a  priori  reason- 
ing. The  data  given  by  Ilolley  agree  with  mine  by  indicating  a 
decidedly  smaller  quantity  of  labor  per  ton  of  ingots  in  American 
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than  in  European  practice;  those  given  by  Trasenter  on  the  whole 
point  in  the  same  direction  ;  those  given  by  Bell  point  in  the  op- 
posite direction,  but  they  do  not  represent  our  characteristic  rapid 
practice,  nor  is  there  evidence  that  the  necessary  steps  have  been 
taken  to  make  his  data  comparable  among  themselves. 

From  the  nature  of  the  case  I  must  expect  that  many,  especially 
among  those  with  whom  prepossession  is  nine  points  of  belief,  will 
think  my  evidence  far  from  convincing.  If  they  are  familiar  with 
Bessemer  practice,  and  have  access  to  the  detailed  pay-rolls  of  Bes- 
semer mills,  I  ask,  or  if  they  prefer,  challenge  them  to  compare 
these  carefully  w^ith  that  of  Mugby,  and  to  give  the  world  the  results 
as  fully  as  I  have  done. 

Quality  :  Is  it  Influenced  by  Fast  Running  f — Finally,  we  are  told 
that  we  sacrifice  quality  to  quantity.  There  are  intelligent  and 
otherwise  rational  men,  safely  entrusted  with  important  interests, 
who  go  so  far  as  to  insist  on  a  necessary  relation  between  quantity  and 
quality,  as  logically  necessary  as  that  between  the  velocity  and  pres- 
sure obtainable  from  given  energy.  These  lesions  of  the  power  of 
ratiocination,  producing  these  isolated  flings  of  a  mental  St.  Vitus' 
dance,  and  reminding  us  of  the  sedate  oriental  engaged  in  calculating 
eclipses  of  the  moon  while  he  firmly  held  that  they  were  due  to  the 
bite  of  a  dog,  should  interest  the  alienist,  but  are  beyond  the  scope 
of  this  paper. 

Now,  what  are  the  conditions  in  the  Bessemer  process  on  which 
the  quality  of  its  product  depends?  The  proportion  of  phosphorus 
and  sulphur,  of  manganese,  silicon,  and  carbon  in  the  steel ;  homo- 
geneousness  due  to  mixing  the  recarburizer  uniformly  with  the  blown 
metal,  and  to  preventing  segregation  ;  freedom  from  external  cracks, 
and  from  an  excessive  quantity  of  blow-holes. 

Phosphorus  and  sulphur  we,  of  course,  leave  out  of  the  question. 
All  of  these  elements  that  the  charge  entering  the  vessel  contains 
will  concentrate  in  the  steel,  no  matter  how  the  proce.ss  be  conducted. 

The  proportion  of  carbon,  silicon,  and  manganese  depends  on  the 
accuracy  with  which  the  blower  interrupts  the  blow,  on  the  temper- 
ature of  the  blow,  on  the  accuracy  with  which  the  recarburizer  is 
weighed,  and  on  the  uniformity  as  regards  oxidizing  conditions  with 
which  it  is  heated  or  melted. 

Actually  the  blowing  is  accurate  enough.  The  proportion  of  car- 
bon is  as  nearly  constant  as  the  needs  of  the  case  require.  When 
greater  accuracy  is  required,  as  in  making  soft  steel,  it  is  attained 
without  appreciable  delay.     In  a  study  of  the  uniformity  of  our 
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Bessemer  practice  a  few  years  ago,  I  found  that  at  some  of  our  rapid 
works  tlie  greatest  deviation  of  the  carbon  from  the  average,  in  a 
large  number  of  consecutive  heats  in  a  period  selected  at  random, 
was  0.11  per  cent.  * 

The  temperature  of  the  blow  is  extremely  important,  affecting  not 
only  the  composition  of  the  steel,  but  the  soundness  of  the  ingots, 
and  perhaps  their  homogeneousness.  It  depends  not  alone  on  the 
composition  of  the  cast-iron  treated,  and  the  rapidity  of  blowing,  but 
on  the  initial  temperature  of  cast-iron  and  vessel.  Of  these  the 
initial  temperature  alone  is  likely  to  be  affected  materially  by  the 
quantity  of  the  output.  The  variations  in  this  temperature  are  due 
chiefly  to  variations  in  the  heat  lost  from  the  vessel  between  the 
blows,  and  on  that  lost  on  the  cast-iron  between  the  time  when  it  is 
melted  and  the  time  when  the  blow  begins.  It  seems  to  me  that 
these  variations  are  likely  to  be  less  when  the  intervals  during 
which  tliey  can  occur  are  extremely  small,  as  in  our  practice,  than 
when,  as  in  more  leisurely  practice,  considerable  intervals  occur. 
Indeed,  the  very  fact  that,  thanks  to  the  extreme  subdivision  of 
labor,  each  man's  attention  is  confined  to  a  very  small  class  of  acts,  so 
that  he  is  but  a  machine,  repeating  in  endle.ss  monotony  his  few 
stereotyped  duties,  should  foster  uniformity.  The  weighing  should 
be  more  constant,  the  conditions  of  melting  the  cast-iron,  of  heating 
the  recarburizer,  and  of  teeming,  should  be  more  constant  than  in 
leisurely  practice. 

I  find  it  hard  to  understand  how  the  rapidity  of  the  blow  itself 
should  injure  the  quality  of  the  metal;  or  how  shortening  the  in- 
tervals between  blows  should  injure  it,  unless  by  inducing  slovenly 
casting.  To  obtain  sound  ingots,  free  from  cracks  and  from  excess- 
ive sponginess,  we  should  teem  with  care.  And  here,  indeed,  one 
might  reasonably  fear  that  our  great  outputs  would  lead  to  unfortu- 
nate results. 

But  rail-steel  lies  so  quietly  in  the  moulds  that  nothing  is  gained 
by  teeming  slowly.  Indeed,  in  view  of  the  fact  that  a  certain  tem- 
perature but  slightly  above  the  freezing-point  of  the  metal  seems  to 
give  better  ingots  than  either  a  higher  or  a  lower  tera})erature,  and 
that  the  steel  in  the  ladle  necessarily  cools  rapidly,  it  is  best  to  teem 
rapidly,  in  order  that  both  the  first  and  the  last  ingots  of  each  heat 
may  be  teemed  as  nearly  at  this  best  temperature  as  practicable. 

Turning  again  from  deduction  to  induction,  we  do  not  find  those 

*  Tranmctums  of  the  American  Institute  of  Mining  Engineers,  vol.  xv.,  p.  347, 1887. 
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specific  bad  results  whiob  might  be  expected  to  follow  too  rapid  teem- 
ing. The  cracks  and  blow-holes  to  which  careless  teeming  should 
lead,  would  in  turn  lead  to  physical  defects  in  the  rails,  due  to 
cracks;  hence  should  result  a  large  proportion  of  second-quality 
rails,  of  cobbles,  of  rolling-mill  scrap.  The  proportion  of  second- 
quality  rails  is  often  less  than  half  of  1  per  cent,  for  a  month  at  a 
time;  and  even  the  average  of  a  year  may  not  rise  above  this 
amount.*  Making  any  reasonable  allowance  for  our  usually  easy 
conditions  of  acceptance,  this  certainly  indicates  a  small  proportion 
of  cracked  or  badly-teemed  ingots,  and  reasonable  freedom  from 
sponginess. 

Again,  we  are  told  that  when  operations  are  so  rapid,  following 
each  other  so  closely,  there  is  no  opportunity  to  humor  the  individual 
])eculiarities  of  each  heat,  whether  in  teeming  or  blowing.  What- 
ever weight  this  consideration  deserves,  is,  I  think,  overbalanced  by 
the  greater  uniformity  to  which  our  conditions  tend.  We  do  not 
humor  peculiarities,  we  prevent  them.  Man  after  man,  each  watch- 
ing the  few  phenomena  under  his  charge,  knowing  that  he  is  but  a 
tooth  in  a  wheel,  a  link  in  a  chain;  that  his  failure  to  round  his 
little  sphere  of  duties  true  to  the  given  pitch  will  so  entangle  the  rest 
of  the  vast  machine  as  to  lead  to  prompt  and  severe  punishment; 
man  after  man  strives  to  keep  the  conditions  entrusted  to  him  con- 
stant. As  each  is  charged  with  fewer  conditions,  so  can  each  keep 
his  charge  more  steady.  The  uniformity  in  the  carbon-content 
already  referred  to  is  evidence  of  regularity  ;  so  is  the  small  propor- 
tion of  butt-ingots.  In  a  monthly  return  before  me  it  is  only  1.09 
per  cent.,  though  the  output  of  the  same  month  broke  the  record. 

Does  the  fact  that  a  pair  of  railway-tracks  daily  delivers  100 
trains  instead  of  two,  imply  any  injury  to  the  quality  of  those  trains, 
whether  as  to  punctuality,  speed,  equipment,  safety,  or  comfort? 

But  how  is  it,  then,  that  in  literature,  in  art,  in  designing,  beyond 
a  very  narrow  limit,  any  increase  in  quantity  of  one's  product  neces- 
sarily injures  its  quality?  Without  trying  to  lay  bare  fully  the 
causes  of  this  difference,  I  may  point  to  a  sufficient  and  obvious  one. 
The  painting,  the  poem,  the  design  depends  for  its  excellence  on  the 
long- continued  application  of  a  single  human  mind,  which  may  in- 
deed be  assisted  mechanically  by  amanuenses,  draughtsmen,  etc.,  but 

*  In  works  using  direct-metal  the  proportion  is  usually  much  higher  than  this. 
The  yearly  returns  from  one  mill  using  direct-metal  siiow  3  per  cent,  of  second- 
quality  rails;  and  I  have  good  reason  to  think  that  it  has  been  very  much  higher 
than  this  at  some  mills. 
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can  share  the  essential  work  with  others  little  more  than  the  acorn 
can  the  assimilation  and  growth  which  yield  the  oak.  Teachers, 
patrons,  critics,  help  the  one ;  the  arborator  and  nursery-man  the 
other.  These  matters  demand  the  supreme  effort  of  an  organism 
which,  from  its  very  nature,  cannot  exceed  a  certain  speed. 

In  other  matters,  as  in  rail-making,  no  one  of  the  things  to  be  done 
needs  or  is  better  for  prolonged  attention  or  long  time-allowance. 
iSTeither  rapidity  of  stocking,  of  melting,  of  blowing,  of  teeming,  of 
carrying  to  furnace,  nor  of  rolling  need  injure.  Teeming  should  be 
swift;  furnacing  may  be  as  long  as  you  please,  given  enough 
soaking-pits.  Despatching  a  hundred  trains  daily  instead  of  two 
does  not  imply,  but  rather  tends  to  prevent,  slighting  any  important 
action  ;  implies  such  organization  that  a  vast  number  of  simple  acts, 
each  capable  of  being  done  at  once  well  and  quickly,  may  succeed 
each  other  at  brief  exactly-timed  intervals. 

To  what  is  the  particular  bent  of  our  -practice  due  f  Jointly  to  the 
powers  of  an  uncommon  man,  to  favorable  conditions,  and  to  the 
favorable  material  with  which  he  worked. 

The  mechanical  aptitude  which  you  and  we  inherit  has  probably 
been  fostered  by  the  isolation,  the  ungenerous  soil,  the  inclement 
climate  which  the  founders  of  this  country  braved.  Sons  of  tillers 
of  the  wilderness,  whose  strange,  harsh  surroundings  bade  them 
invent  or  die,  whose  scanty  tools  had  to  fulfil  many  purposes,  what 
wonder  if  mechanical  aptitude  be  one  of  our  strongest  characteristics  ? 
What  wonder  if  those  mobile  particles  of  the  mother-mass  which 
such  forces  as  hope  of  religious  freedom  or  of  rapid  amelioration  of 
lot,  impatience  of  native  restraint,  restlessness,  sufficed  to  segregate 
from  those  whom  the  same  forces  failed  to  move,  have  formed,  and, 
immigration  continuing,  are  still  forming,  a  markedly  mobile  and 
active  race? 

Favorable  conditions  were  present  in  the  enormous  demand  for 
rails,  and  in  the  very  easy  conditions  of  acceptance,  which  led  the 
manager  to  concentrate  his  attention  more  on  the  quantity  than  on 
the  quality  of  his  product. 

AVith  such  material  and  «uch  conditions,  a  leader  of  rare  powers, 
Alexander  Lyman  Holley,  perhaps  less  by  his  uncommon  mechani- 
cal skill  than  by  his  hold  on  the  affections  of  others,  and  thus  by 
his  control  over  their  course,  started  our  Bessemer  practice  in  tiie 
path  which  it  has  followed.  A  remarkable  group  of  men,  the  Fritz 
brothers,  Jones,  Forsyth,  R.  W.  Hunt, joined  enthusiastically;  tra- 
ditions, standards,  aims,  were  established  lastingly  ;  generous  rivalry, 
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esprit  de  corps,  free  trade  in  ideas,  mutual  help,  quickness  to  adopt 
whatever  was  good  in  our  neighbor's  practice,  whether  cis-  or  trans- 
atlantic, willingness  to  give  and  take. 

Beyond  the  features  which  I  have  thus  discussed,  the  following 
deserve  notice : 

General  Arrangement. — The  Holley  type  of  plant  has  usually  been 
adhered  to,  with  its  broad  shallow  pit,  served  by  at  least  three  ingot- 
cranes,  and  with  the  vessels  perched  aloft.  In  the  Forsyth  modifi- 
cation of  this,  which  several  important  works  have  adopted,  the  ves- 
sels stand  back  from  the  pit,  and  the  casting-ladle  is  carried  from 
vessels  to  pit  and  back  over  a  short  intermediate  transfer-track.  In 
this  arrangement  some  250°  of  the  circumference  of  the  pit  are 
available  for  ingot-moulds, and  four  ingot-cranes  can  be  used  advan- 
tageously.    Fig.  1  shows  one  of  our  latest  and  best  Bessemer  plants. 

Cupolas. — The  cast-iron  is  usually  remelted  in  cupolas,  which, 
with  the  exception  of  a  modification  introduced  at  Joliet  and  whose 
value  is  questioned,  are  very  plain,  but  rather  large,  from  8  to  10 
feet  in  outside  diameter  and  from  14  to  24  feet  high  from  the  bot- 
tom inside  to  the  charging-door.  With  cold-blast  at  about  10  to  12 
ounces  per  square  inch,  usually  delivered  by  fan-blowers,  but  in  many 
works  by  the  positive  Baker  blower,  these  cupolas  sometimes  run 
a  whole  week,  but  in  case  of  very  rapid  work  they  are  often  dumped 
every  forty- eight  hours.  Some  of  them  melt  as  much  as  16  tons  an 
hour  apiece,  on  an  average  of  a  whole  month,  with  a  fuel-consump- 
tion which  occasionally  falls  to  1  per  15  of  iron  melted,  or  6.67  per 
cent.  The  fuel-consumption  for  a  whole  month,  when  but  little 
steel  scrap  is  melted,  is  sometimes  as  little  as  1  to  14.3  of  iron,  or  7 
per  cent.  I  am  credibly  informed  that,  as  a  tour  de  force,  the  coke- 
iron  ratio  has  been  for  a  whole  shift  as  small  as  1  to  20,  or  5  per 
cent. 

The?e  large  swift-running  cupolas  have  the  digestion  of  an 
anaconda.  Even  with  this  very  small  fuel-consumption,  I  have 
known  an  ingot  weighing  3000  pounds,  stuck  in  a  mould  weighing 
another  3000  pounds,  to  be  charged  in  the  cupola,  causing  no  more 
deranirement  than  if  it  had  been  a  cambric  needle. 

This  very  small  fuel-consumption  is  made  possible  probably  only 
by  the  heat  generated  by  the  oxidation  of  the  silicon  of  the  cast-iron 
in  the  cupola  itself  Indeed,  as  much  as  0.5,  or  even  0.6  per  cent, 
of  silicon  may  be  thus  removed  when  the  fuel-ratio  is  very  small  ; 
but,  with  the  common  fuel-ratio  of  1  to  12,  or  8.33  per  cent.,  only 
about  0.3  percent,  of  silicon  is  removed  in  the  cujwla. 
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Figs.  2  to  5  show  a  lattice-bound  cupola,  such  as  has  been  built  at 
some  important  works,  but  the  plain  boiler-plate  shell  is  generally 
used. 

In  the  newer  works  the  ladle  which  receives  the  molten  cast-iron 
from  the  cupolas  is  carried  by  a  locomotive  to  the  vessels,  saving 
running-scrap  and  the  labor  of  the  runner-men. 

Direct-metal. — The  experience  with  direct-metal  has  not  been  such 
as  to  lead  to  the  rapid  abandonment  of  remelting  in  cupolas.  The 
blast-furnace  must  be  so  burdened  that  the  least  siliceous  iron  made 
shall  still  have  enough  silicon  to  develop  the  high  temperature 
needed  at  the  end  of  the  process,  at  least  1500°  C,  and  that  the  most 
sulphurous  shall  be  within  safe  limits.  As  the  silicon  varies  greatly 
and  capriciously,  it  results  that  some  heats  have  a  very  great  excess 
of  silicon,  and  that  the  average  proportion  of  this  element  must  be 
higher  than  in  cases  of  cupola-remelted  iron.  In  addition  to  the 
disadvantages  attending  the  use  of  iron  rich  in  silicon  already 
referred  to,  we  have  as  additional  ones  sudden  variations  in  the  cast- 
ing-temperature and  in  the  proportion  of  sulphur,  leading  to  increased 
proportion  of  second-quality  rails,  and  increased  consumption  of 
manganese;  variations  in  the  quantity  of  scrap  needed  to  cool  the 
charge,  and  consequent  increase  in  the  proportion  of  butt-ingots ; 
increase  of  converting-works  scrap;  skulling  in  vessels  and  ladles; 
inaccurate  blowing ;  lessened  output ;  greater  consumption  of  steam  ; 
shortened  life  of  bottoms,  ladles,  moulds,  and  superintendent.  These, 
in  most  cases,  have  seemed  to  outweigh  the  obvious  saving,  which  is 
estimated  by  different  managers  at  from  $0.50  to  $1  per  ton,  and 
which  is  due  to  an  important  saving  of  labor  at  blast-furnace  and 
cupola,  of  the  coke  needed  for  remelting,  and  of  the  loss  of  iron, 
silicon,  and  manganese  which  occurs  in  the  cupola.  Indeed,  the 
greater  loss  in  the  converter  in  direct-metal  practice  goes  far  towards 
balancing  the  cupola-loss  in  remelting-practice. 

All  these  disadvantages  attending  the  use  of  direct-metal  are  due 
to  irregularity  in  its  composition.  How  great  this  irregularity 
is,  and  how  much  it  is  lessened  by  the  use  of  Captain  Jones'  metal- 
mixer,  is  indicated  in  Table  III.  Note  that  the  use  of  the  metal- 
mixer  at  Edgar  Thomson  reduces  the  range  of  composition  by  37 
per  cent,  and  52  per  cent.,  and  lessens  the  "average  deviation  from 
the  average  "  by  43  per  cent,  and  55  per  cent.,  in  case  of  silicon  and 
sulphur  respectively. 

Here  the  mixer  has  been  of  great  benefit.  While  it  is  certainly 
inconvenient  to  have  even  an  occa.sional   heat  with  only  0.68  per 
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cent  of  silicon,  such  heats  can  be  blown,  if  heat  follows  heat  quickly  ; 
while  if  the  ladleful  with  only  0.264  of  silicon  iiad  been  run  into  tlie 
converter,  it  could  have  been  got  out  again  only  by  blowing  it  on  its 
side,  with  heavy  loss  of  iron.     And   it  must  be  admitted  that  the 

Table  III. —  Uniformity  of  Blast-Furnace  Work,  as  Deduced  from 
the  Composition  of  Successive  Casts. 


1 

England. 

Edgar 
Thomson 

Edgar  Thomson. 

Succes.sive  Casts 

run  into 

Metal-Mixer. 

Same  Successive 

Casts  run  out  of 

Metal-Mixer. 

1 

I. 

Silicon. 

II. 

Sulphur 

III. 
Silicon. 

IV. 

Silicon. 

V. 

Sulphur 

VI. 
Silicon. 

VII. 
Sulphur 

Date 

Feb. 

1890. 

Feb. 

1890. 

June 

1888. 

June 
1890. 

June 

1890. 

June 

1890. 

June 
1890. 

No.    of    heats  f  Silicon   \ 
represented  1  Sulphur/ 

29 

29 

85 

108 

107 

96 

106 

Average    per- (Silicon   \ 
centage \  Sulphur  J 

2.20 

0.082 

2.04 

1.336 

0.023 

1.186 

0."019 

Maximum        /Silicon   1 
percentage  \  Sulphur  J 

4.12 

oA'k 

3.35 

2.613 

0.099 

2.103 

0.048 

Minimum        /Silicon    \ 
percentage  (  Sulphur/ 

1.40 

0.043 

0.71 

0.364 

0.684 

Trace. 

Total  range  of  /  Silicon    \ 
composition  \  Sulphur/ 

2.72 

o.ioe 

2.64 

2.249 

0.099 

1.419 

0.'(M8 

Average  devi--]  gi,i„o_    ■, 

0.328 

o'.b62 

0.497 

0.409 

0.0193 

0.235 

0.66'84 

Note. — I  have  deduced  these  numbers  from  the  composition  of  successive  casts 
at  the  several  works.  In  tlie  case  of  columns  IV.  to  VII.  inclusive,  the  composition 
given  represent  108  ladlefuls  filled  consecutively  at  the  blast-fiirnaces.  The 
metal  was  poured  from  these  ladles  into  two  mixers,  and  from  these  mixers  it 
was  taken  to  the  converting -works,  in  ladles  each  of  which  was  filled  half  from  each 
mixer.  Columns  VI.  and  VII.  represent  samples  taken  while  the  iron  was  running 
from  the  ladle  into  the  converter.  The  mixers  were  badly  skulled  at  the  time,  and 
the  manager,  Mr.  J.  Gayley,  thinks  that  later  data  would  yield  a  more  favora- 
ble showing.  Note  that  the  average  proportion  of  both  silicon  and  sulphur  is 
lower,  that  of  the  silicon  0.15  per  cent,  lower,  in  the  converter-  than  in  the  blast- 
furnace-samples. This  has  always  been  found  true  of  silicon,  but  no  previous  com- 
parison with  regard  to  sulphur  has  been  made.  The  removal  of  so  large  a  propor- 
tion of  silicon  is  most  surprising. 

average  proportion  of  silicon  is  not  much  higher,  nor  is  that  of  sul- 
phur lower,  than  would  be  desirable  in  case  the  metal  were  to  be 
remelted  in  cupolas;  nor  is  the  maximum  proportion  of  sulphur  so 
high  as  to  necessitate  using  more  manganese  than  would  be  needed 
VOL.  XIX. — 73 
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in  cupola-practice.  It  certainly  seems  as  if  this  simple  and  charac- 
teristic device  of  Captain  Jones  has  turned  the  balance  in  favor  of 
direct-metal  practice  ;  and  it  would  be  far  from  surprising  if  all  our 
rail-steel-making  Bessemer  works  were  driven  to  using  direct- 
metal. 

Vessels. — The  tendency  has  been  to  increase  the  size  of  the  vessels. 
I  remember  no  case  in  which  it  has  been  lessened,  while  in  many 
cases  it  has  been  increased,  from  the  old  standard  size  of  five,  to  seven, 
and  later  to  ten,  and  even  twelve  and  thirteen,  tons. 

The  newer  vessels  are  usually  nearly  concentric  or  symmetrical 
(instead  of  being  retort-shaped)  and  very  large,  so  that  even  with  rapid 
blowing  very  little  slopping  occurs.  The  capacity  of  the  newer  ves- 
sels is  from  50  to  65  cubic  feet  per  ton  of  iron  to  be  blown.  With 
65  cubic  feet  per  ton  there  is  little  slopping;  but  much  trouble  from 
this  source  has  arisen  in  cases  of  some  new  vessels  with  less  than  55 
cubic  feet  capacity  per  ton. 

It  has  not  yet  been  shown  what  residuum  of  real  value  for  special 
conditions  underlies  the  extravagant  and  often  senseless  claims  made 
for  the  comparatively  new  patented  modifications  of  the  Bessemer 
converter,  such  as  the  Clapp-Griffiths  and  the  Robert.  They,  or  at 
lea.st  the  Robert,  should  yield  an  unusually  high  temperature,  thanks 
to  the  greater  loss  of  iron,  and  perhaps  to  the  fuller  oxidation  of  the 
carbon  ;  this  would  seem  to  recommend  them  for  small  foundries, 
Avhere  but  few  and  small  heats  can  be  used  daily.  The  same  result 
may  be  reached  with  the  common  vessel  by  inclining  it,  though  per- 
hajf*  less  conveniently  than  with  these  special  vessels. 

The  vessel  is  almost  always  turned  by  a  horizontal  rack  lying  be- 
neath a  pinion  on  its  trunnion.  The  lining  is  usually  rammed  in 
place,  but  good  results  have  been  obtained  in  the  Pennsylvania  mills 
with  linings  of  blocks  of  mica-schist.  The  linings  in  many  works 
are  knocked  out  but  once  a  year,  at  the  time  of  the  general  repairs 
in  December,  but  of  cour.se  they  are  patched  on  Sundays.  Thus  a 
lining  may  make  over  30,000  blows. 

The  bottoms  are  usually  dish-shaped,  and  in  many  of  them  long 
shaped  bricks  or  tiles,  standing  on  end  and  each  reaching  completely 
through  the  bottom,  are  used.  These  increase  the  first  cost,  but  also 
the  life  of  the  bottom,  and  facilitate  drying.  The  bottoms  themselves 
are  usually  rammed  very  carefully,  be  it  with  or  be  it  without  these 
bricks;  the  mixture  used  is  very  dry,  barely  moist  and  fat  enough 
to  be  balled  in  the  hand;  and.  they  are  very  carefully  dried,  often 
for  48  hours.     In  some  works  the  average  life  of  the  bottoms  is  as 
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much  as  28  heats,  and  single  bottoms  occasionally  last  more  than  50 
heats. 


Blorcing. — The  moment  for  ending  the  blow  is  determined  by  tlie 
eye,  and  extremely  rarely,  if  indeed  ever,  by  the  spectroscope.     In 
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making  rail-steel  it  is  usual  to  blow  "  young ;"  that  is,  to  interrupt 
the  blow  as  soon  as  the  first  marked  shortening  of  the  flame  occurs. 
This  course  shortens  the  blow,  thus  saving  time  and  lessening  the 
consumption  of  power  for  blowing,  the  loss  of  iron  and  the  quantity 
of  manganese  needed  for  recarburizing. 

In  making  soft  steel  the  blow  is,  of  course,  prolonged  beyond  this 
point,  in  some  cases  till  what  is  locally  known  as  the  "  second  change  " 
appears;  that  is,  till  the  reddish-gray  smoke,  which  appears  about 
the  upper  end  or  point  of  the  flame  when  it  first  shortens,  and  which 
constantly  grows  more  copious,  can  be  seen  along  the  whole  length 
of  the  flame,  and  even  at  its  very  base. 

The  temperature  of  the  blow,  while  of  course  controlled  in  large 
part  by  the  addition  of  scrap-metal,  is  in  many  works  further  con- 
trolled by  admitting  great  volumes  of  steam  along  with  the  blast. 
This  simple  trick  prevents  delays,  facilitates  making  solid  ingots 
closely  of  the  desired  composition,  and  reduces  the  proportion  of 
butt-ingots  to  a  minimum. 

The  Cranes  are  always  top-supported. — Formerly  they  were  usually 
of  the  Worthington  or  so-called  Holley  type  ;  but  of  late  years  the 
incomparably  better  Wellman  crane  has  come  into  general  use. 
Quite  a  number  of  these  have  Mr.  H.  Aiken's  modifications.  In 
several  mills  these  cranes  are  rotated  and  their  trolley  is  moved 
radially  by  power.  The  rotation  is  effected  by  3-cylinder  hydraulic 
engines,  by  friction-clutches,  and  more  rarely  by  racks  and  pinions. 
In  some,  a  boy  sitting  on  the  crane  controls  all  three  movements — 
the  vertical,  the  radial,  and  the  rotary. 

The  chief  advantage  of  the  Wellman  over  the  Worthington  crane 
is  its  smaller  water-consumption.  This  is  due  to  two  things — first, 
to  the  smaller  weight  of  its  rising  parts  ;  the  mast  may  be  light  be- 
cause it  receives  no  transverse  stress,  this  being  transferred  by  the 
wheels  C  and  D,  shown  in  Fig.  6,  to  the  steel  I-beams,  EE,  which 
surround  the  mast.  Again,  the  mast  may  be  shorter,  since  it  usually 
need  not  reach  to  the  top-support.  Second,  the  rise  of  the  rising 
parts  is  less  resisted  by  fi'iction,  again  because  the  mast  receives  no 
transverse  stress.  This  in  the  Worthington  crane  and  the  old  Bes- 
semer crane  pres.scs  the  mast  against  its  gland  or  glands. 

The  Wellman  crane,  shown  in  Figs.  6  and  7,  is  rotated  by  a  small 
air-engine,  driven  by  air  from  the  Bessemer  blowing-engine,  and  con- 
trolled from  the  pulpit.  The  water-pressure  used  is  rather  low  in 
most  cases,  but  the  tendency  is  now  towards  higher  pressures. 

Engines. — The  blowing-engines  are  almost  always  non-compound, 
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and  SO  are  the  rolling-mill  engines.  But,  except  where  fuel  is  very- 
cheap,  this  is  admitted  by  many  of  the  more  thoughtful  to  be  an 
error.     Compound  pumps,  however,  are  used  in  many  works. 

The  ingots  are  usually  cast  from  the  top,  and  in  unsplit  pyramidal 
moulds.  In  case  of  rail-steel  they  are  usually  14.5  inches  square, 
and  usually  Aveigh  from  1.2  to  1,5  tons  each  ;  but  at  one  mill  they  are 
19.5  inches  square,  and  weigh  nearly  3  tons  each. 

The  moulds  stand  in  a  wide,  shallow  casting-pit,  served  by  three, 
and  in  some  later  works  by  four,  ingot-cranes.  The  ingots  are  very 
rarely  allowed  to  cool,  but  are  transferred  at  once  from  the  casting- 
pit  either  to  common  horizoutal-hearthed  heating  furnaces  or  to 
Hainsworth  pits.  These  may  be  likened  to  Gjers  soaking-pits,  but 
with  auxiliary  gas-firing.  Few  Americans  have  been  able  to  grasp 
the  advantage  of  the  Gjers  pit.  Why  we  should  tie  our  hands  in 
this  matter,  and  neglect  to  avail  ourselves  of  that  complete  control 
over  the  temperature  of  the  pit  which  auxiliary  gas-firing  gives,  few 
of  us  can  understand.  When  the  ingots  come  hot  enough  to  the 
pits,  gas  and  air  may  be  shut  oiF;  then  the  conditions  of  the  Gjers  pit 
are  reproduced  faithfully.  In  some  of  our  mills  the  loss  of  weight  in 
soaking  and  rolling,  from  ingots  to  rails,  is  reported  to  be  only  1  per 
cent.,  and  I  have  cases  taken  directly  from  the  records  of  the  mill  in 
which  the  loss  is  only  1.5  per  cent. 

Moulds. — Some  managers  claim  an  average  life  of  100  heats  for 
their  moulds,  and  I  believe  that  the  average  life  for  a  whole  year 
sometimes  reaches  87  heats,  when  rail-steel  only  is  made;  65  to  70 
heats,  however,  is  probably  much  nearer  the  usual  average  life,  and  in 
some  mills  it  has  been  as  short  as  45  heats.  A  yearly  return  before 
me  gives  the  average  life  as  70  heats.  The  common  hydraulic  ingot- 
extractor  and  the  simple  one  of  Mr.  T.  James  are  sometimes  used  ;  but 
many  object  to  the  former  as  likely  to  tear  the  ingots. 

Ladles,  etc. — For  lightness,  the  ladles  are  always  lined  with  loam- 
sand.  In  some  works  their  life  is  only  from  10  to  15  heats ;  in  others 
it  rises  to  40  and  even  50  heats.  Stoppers  and  nozzles  last  from  2 
to  5  heats  each ;  in  one  mill  the  average  life  of  the  nozzles  for  a 
whole  month  was  7.11  heats.  In  another  case  the  yearly  return 
from  a  mill  making  an  enormous  output  gave  the  average  life  of  the 
stoppers  as  1.9  heats,  and  of  the  nozzles  as  6.25  heats.  The  con- 
sumption of  refractory  materials  per  ton  of  ingots  was — 
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Pounds. 

Quartz, ;         22 

Clav, 16 

Sand 21 

Old  bricks, 3 

Loam  sand, 30 

92 
0.102  of  a  tuyere  was  used  per  ton  of  ingots. 

RoUing-3IUl  Practice. — In  rail  making  the  ingots  are  reduced  to 
blooms  about  7  inches  square,  usually  in  eleven  pa.sses,  and  almost 
universally  in  three-high  mills,  never  under  hammers.  Cambria  has 
a  48-inch  two-high,  and  Bethlehem  a  48-inch  three-high,  blooming- 
mill.  In  the  latter  the  delay  in  lifting  the  piece  48  inches  has  been 
found  considerable;  36  inches  is  a  more  common  diameter. 

The  three-high  mills  usually  have  the  well-known  Fritz-Holley 
lifting  feed-tables  and  ingot-manipulators.  Efficient  ingot-manipu- 
lators, designed  by  D.  Jones  and  by  Critchlow,  are  in  use  at  two- 
high  blooming-mills. 

In  some  blooming-mills  noted  for  their  great  output  only  two  men 
are  actively  occupied ;  but  to  these  must  be  added  the  engineer  and 
spell-hands. 

The  blooms  are  further  rolled  in  the  older  mills  to  single,  in  the 
newer  to  double  or  four-length  T-rails,  usually  in  eleven  passes,  and 
usually  after,  but  in  some  mills  without,  reheating.  The  rail-trains 
are  almost  always  three-high,  usually  in  two,  but  exceptionally  in 
three  stands,  and  have  two  finishing- passes.  The  rolls  are  usually 
from  23  to  25  inches,  but  exceptionally  28  inchas  in  diameter;  while 
one  two-high  rail-train  has  a  pitch-diameter  of  32  inches.  At  some 
rail-trains  with  enormous  output  only  five  men  are  actively  occupied. 
In  addition  there  are  the  engineer  and  spell-hands. 

The  three-high  rail-trains  have  ingenious  and  efficient  appliances 
for  giving  the  rail  its  four  motions,  rotating  it  about  its  axis, 
raising  and  lowering  it,  moving  it  parrallel  with  the  rolls,  and 
feeding  it  into  them. 

The  plate-mills  are  usually  of  the  three-high  Lauth  type,  with 
rocking  feed-tables,  the  upper  rolls  being  raised  by  power,  and  in 
many  cases  by  a  pair  of  reversing  engines  mounted  above  the 
housings.  Common  dimensions  for  plate-trains  are  31  to  32  inches 
diameter  and  100  to  115  inches  length.  Such  mills  can  roll  175 
tons  of  plates  of  coramou  sizes  in  twenty-four  hours,  with   eight 
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men  on  each  of  the  two  shifts;  say,  one  roller,  one  engineer,  one 
screw-man,  one  feed-roll  engineer,  two  hook-men,  and  two  scale-men. 
The  universal  armor-plate  train  at  Homestead  has  20-inch  vertical 
and  32X60-inch  horizontal  rolls,  driven  by  reversing  engines 
30X54  inches  and  40X54  inches  respectively,  and  can  handle 
48  X  54-inch  25-ton  ingots.  It  has  a  3000-ton  hydraulic  shear, 
served  by  two  pressure-pumps  with  65-inch  steam  and  10-inch 
water  cylinders,  and  8-foot  stroke.  Using  steam  at  175  pounds, 
they  supply  water  at  4000-pounds  pressure  per  square  inch. 


1160 


NOTES   ON   THE   BESSEMER   PROCESS. 


APPENDIX. 


PAY-ROLL  OF  MUGBY  JUNCTION  BESSEMER  WORKS. 


DISTRIBUTION   OP   LABOR,  1890. 


Summary. 

Occupation.  No.  of  Men. 

Stocking  iron, 24 

Stocking  Spiegel, 10 

Stocking  coke, 8 

Stocking  limestone, 6 

Stocking  bloom-  and  rail-bntts,         ......  8 

Stocking  scrap, 10 

Scalemen, 4 

Stocking  patching,  loam,  sand,  etc.,        .....  3 

Cagers, 14 

Sweepers, .2 

Stage, l-** 

Charging-floor,         .........  37 

Patching  cupolas, 5 

Melting-floor, 27 

Vessel-floor, 29 

Ladlemen, 22 

Pitmen, 54 

Cindermen,       ..........  29 

Repair  of  bottoms, 11 

Crusher-house,           .........  31 

Yard-labor, 25 

General  labor, 68 

Switchmen,      ..........  6 

Drop 4 

Steel-weighers, 2 

Handling  pig-iron, 

Boiler-house, •         •  6 

Blowing-engine  room,       ........  10 

Fan-room, 4 

Converting-building, 6 

Blacksmith-shop  for  converting-works, 4 

Small  locomotives,    .........  9 

Crwsher-house,          .........  2 

Superintendents,  timekeeper,  and  clerk,          ....  4 

498 
General  repairs,  from  time  of  stopping  Saturday  afternoon  till  time 

of  starting  Monday  morning, 81 
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Distribution  of  Labor,  1890. 


Stocking  Iron. 

Men  in  charge 

Men  loiiding  in  buggies  for  chargers 

Stocking  Spiegel. 

Men  to  pile  spiegel  on  buggies 

Men  additional  to  break  charcoal-iron 

Stocking  Coke. 
Men  to  load  coke  on  buggies 

STociaNG  Limestone. 
Men  to  haul  stone  from  end  of  run  to  coke 

buggies 

Men  to  break  and  load  on  buggies 

Stocking  Bi.oom-  and  Eail- Butts. 

Men  to  load  butts  for  cupolas 

Men  to  load  rail-butts  for  vessels 

Stocking  Scrap. 

Men  to  load  up  steel  scrap 

Men  to  load  up  other  scrap 

SCALEMEN. 

Men  to  weigh  pig-iron  for  cupolas 

Men  to  weigh  spiegel,  patching,  loam,  coal 
and  general  supplies  for  cupolas 

Stocking  Patching,  Loam,  Sand,  Etc. 
Men  to  fill  bins  on  cupola-floor  with  patch- 
ing, loam,  sand,  etc 

Man  to  fill  bins  on  vessel-floor 

Cagers. 
Men  placing    loaded    buggies   on    elevator, 
for  the  charging-  and  melting-floors 

Saveepers. 
Men    to    clear    stockers'    runwav,   pick    up 
coke    fallen     from     buggies,    and    other 
obstructions 

Stage. 

Steel-blowers 

Stage-men 

Charging-Floor, 
Men   to    charge   cupolas  with    iron,   scrap, 

butts,  coke,  etc 

Others,  regularly 

Additional  men,  when  running  fast,  at  over 

fifty-five  heats 

Men  to  place  empty  buggies  on  elevator 

Men  to  charge  spiegel 

Men  additional 


1st 
Turn. 


1 
11 


Number  of  Men. 


2d 
Turn. 


1 

11 


3d 
Turn. 


Total. 


2 
22 


14 


2 
13 


3 
12 

2 

12 

2 

2 


Grand 
Total. 


24 

10 

8 


10 


14 


15 
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Number  of 

Men. 

1st 
Turn. 

2d 
Turn. 

1     3d 
Turn. 

Total. 

Grand 
Total. 

C-aAB.GiSG-Fi.ooB.— Continued. 
Men  to  run  elevators 

1 
1 

1 
1 

"• 

2 
2 

37 
5 

27 

29 

28 

Men  to  grease  buggies 

Patching  Cupolas. 

Man  to  patch  cnpolas 

Men  additional 

1 

1 

I 

i      ... 

... 

1 

1       1 
1       2 
1       2 

Men  additional  to  help  patch  cupolas 

MELTrNG-FLOOR. 

Iron-melters 

1 
1 
1 
[        1 
3 
1 
1 
1 
1 
2 
1 

1 
1 

2 

... 

2 
2 
2 
2 
6 
2 
2 
2 
2 
4 
1 

"           <« 

li           (( 

'(           (I 

"       (additional) 

Spiegel-melters 

ti                       K 

"       (additional) 

Men  to  weigh  molten  metal 

Men  to  run  elevators 

Men  to  sweep,  pick  up  scrap  and  carry  to  pile. 

Vessel- Floor. 
Men  to  pour  iron  from  ladle  to  vessel 

1 
1 
1 

2 
1 

1 
1 
1 
1 
1 
1 
1 
2 

1 
1 

2 

1 
1 
1 
1 
1 
1 
1 
1 
2 

... 

2 
2 

1 

4 
2 
2 
2 
2 
2 
2 
2 
2 
4 

Men  to  pour  spiegel  from  ladle  to  vessel 

Men  to  patch  and  line  ladles 

Men   to  help  patcher,  carry  coal  to  vessels 
and  locomotives,  take  scrap  away  to  pile, 
and  clean  up 

Vessel-men 

«          « 

U                  (I 

It               t: 

Runner-raen 

(t                   K 

Men  for  heavy  scrapping 

Test-boys 

Men  to  sweep  and  clean  floor 

LadJemen  to  set  stoppers 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

'  1 

1 

1 

1 
1 
1 
1 

"i 

1 

1 

1 

1 

"l 

1 

1 

3 

3 

2 

2  • 

2 

2 

1 

1 

3 

3 

Meji  to  patch  and  put  in  nozzles 

Men  to  help 

Men  to  clean  nozzles 

Men  to  calch  tests 

Men  to  iielp  patchers 

Men  additional  in  hot  weather 

Stopper-maker 

Man  to  help 

Men  at  receiving  crane 

Men  at  casting-crane 

Pitmen. 
Men  in  charge  of  pit 

1 

1 

8 

1 

1 

1 

8 
1 

1 
1 

8 

3 

3 

24 

2 

Men  in  second  charge 

Other  pitmen .' 

Helpers 
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Ntthber  of  Men. 


1st 
Turn. 


Pitmen — Continued.  \ 

Steel-poiirers. .  .• 1 

Men  to  swing  ladle 3 

Men  to  swab  moulds 2 

Men  on  dog-house 1 

Boys  to  cool  moulds 2 

Boys  to  catch  tests 1 

Men    additional   in    hot    weather,   to    help 

cranemen 1 


CiNDERMEN. 

Men  to  carry  slag  from  vessels 1 

((  (I        <f        II        ((  2 

Men  to  carry  slag  from  slag  pitmen 3 

Cnpolas  cindermen 4 

Men  to  keep  spiegel  slag  running  clear 1 

Cartmen 7 

Eepair  of  Bottoms. 
Foreman   bottom-maker    for    vessels   (total 

tonnage) 

Men  to  make  bottoms \ 

Men  to  help [ 


Men  to  line  new  ladles. 
Man  to  help 


Crusher-House. 

Men  to  mix  materials  for  bottoms  and  vessels  1 

Men  to  help 5 

Men  to  mix  for  cupolas !  3 

Men  to  attend  to  the  grinding 1 

«     •<<<(«  2 

Men  additional 1 

Men  to  attend  to  crusher 1 

Men  to  break  quartz 1 

Boy  to  dry  clay 1 

Boys  to  dry  clay 3 

Men  to  attend  to  carts 6 


Yard-Labor. 

Foreman 1 

Men    to    handle    and    unload    scrap,    loam, 

tuyeres,  clay,  sand,  spiegel,  etc 21 

Men  to  pick  scrap  at  dump 3 

General  Labor. 

Foremen j       ^ 

Laborers  to  change  bottoms,  clean  shopi,  etc..      15 
Men    to    handle    hot    ingot    butts,    change 

moulds,  etc >     10 

Rigger  to  repair  building,  clean  stacks  and 

repair  buggies 1 

Man  to  help 1 

Men  to  clean  under  the  vessels   and   carry 

scrap  to  pile 3 

Men   to   keep   track   clean    from  vessels  to 

bottoms 1 


2d 
Turn. 


1 
15 

10 


3d 
Turn. 


Total. 


21 
3 


2 

30 

20 

1 
1 

6 

2 


Grand 
Total. 


64 


29 


11 


31 


25 
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Number  of  Men. 


1st 
Turn. 


2d 
Turn. 


3d 
Turn. 


Total. 


Grand 
Total. 


General  Labor — Continued.  \ 

Men  to  clean  shop !  1 

Men  to  grease  buggies I  1 

Men  to  clean  tracks  and  coal  locomotives !  1 

Switchmen.  | 

Men  to  attend  the  engine  in  handling  hot! 

and  cold  moulds,  to  carry  scrap  from  rail  I 

mill  to  converting-department,  and  drop...         1 

Men  to  attend  locomotives  in  carrying  hot 

ingots  to  rail-mill 2 

Drop.  i 

Man  to  break  up  skulls,  old  moulds  and  scrap        1 
Men  to  help 3 

Steel  Weighers. 
Men  to  weigh  steel 1 
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Number  of  Men. 

Day. 

Night. 

Total. 

Grand 
Total. 

Boiler-House. 
First  fii-emen 

1 
1 

1 

1 
1 
1 

2 

2 
2 

6 

9 

4 

5 
4 

9 
2 

4 

Second     "      

Water  tenders 

Blowing- Engine  Room. 
First  engineers 

1 
1 
1 
1 
1 

1 

1 
1 
1 

2 
2 
2 
2 
4 

Second       "       

Third         "       

Fourth       "       

Men  at  pressure  pumps 

Fan-Room. 
Engineers 

2 

2 

4 

Converting-Building. 
Men  in  charge  of  machinery 

"i 

1 

1 
2 
2 

Handy-men 

Greasers 

Blacksmith  Shop  for  Converting- Works. 

1 

1 

2 
2 

''          liel  pers 

Small  Locomotives. 
Engineers 

1 

1 

2 

1 

2 

1 
4 
2 

Engineer 

"        liandlin"  ingots 

"               "         moulds 

Crusher  House. 

1 

2 

Superintendents,  Timekeeper,  and  Clerk. 
.  Superintendent 

i 

1 
1 
1 

1 

Assistant  Su perin tenden t 

Timekeeper  

Clerk 

Total  

498 
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General  Repairs  from  the  Time  of  Stopping  on  Saturday  Afternoon 
till  the  Time  of  Starting  on  Monday  Horning. 


Yard. 

Number  of  Men. 

1st 
Turn. 

2d 
Turn. 

3d 
Turn. 

Total. 

Grand 
Total. 

Charging  Floor  (patching  cupolas). 
First  patcher 

1 

1 
1 
2 

1 
1 
1 
2 

5 

5 

13 

5 

50 
3 

Second   "       

Third     "       

Laborers  additional 

Melting  Floor. 
Men  knocking  out  skulls,  reliniugsame,  and 
putting  in  tnveres 

3 

2 

3 

2 

Men  knocking  out  skulls  from  vessel  runners 
and  relining  same 

Vessels. 

First  vesselman  to  patch 

Second       "                "     

1 
1 
1 
1 
8 
1 

•••  * 

1 
1 
1 
1 
8 
1 

Third         "                 "     

Fourth       "                "  

Laborers  to  help 

Vesselman  at  night  to  light  up 

...    !    ... 

Tool-House. 
Tool-keeper  by  dav 

1 
1 

1 
1 

1 

1 

Tool-keeper  bv  night 

...      1        1 

1 
1 
1 

;Men    to    watch    in   bottom-house,    Saturday 
night 

:  S  u  n  ( 1  a  y 

And  Sunday  night 

General  Labor. 
Foreman 

1 
4 

45 

1 

4 

4.5 

Men  to  clean  shop 

Laborers  to  clean  dumps,  clean  shop,  make 
ready  to  light  up,  help  rep:iir  machinery, 
change  moulds,  and  do  whatever  is  neces- 
sary to  put  things  in  shape 

Cleaning  Vessel- Stacks. 
Rigger   to    clean    the    vessel    stacks   when 

clogged  with  cinder 

Others  to  help 

1 

2 

1 
2 

Total 

81 

Discussion. 

Percy  C.  Gilchrist,  London,  Eng. :  To  Europeans  the  very 
low  silicons  given  in  Professor  Howe's  paper  (page  1123)  are  ex- 
tremely interesting.  So  far  as  I  am  aware,  with  tiie  excej)tion  of 
Sweden,  we  are  not  able  in  Europe  to  produce  steel  successfully  if 
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we  use  silicon  as  low  as  0.6  to  0.9.  V^^e  have  silicon  as  low  as  that 
in  the  basic  Bessemer,  but  then  piiosphorus  is  present  besides.  We 
cannot  make  Bessemer  steel  with  a  pig  of  that  composition,  and  get 
it  into  the  ladles,  much  less  into  the  ingot.  I  suppose  it  is  done 
in  America  by  their  attention  to  small  details  and  by  the  blows  fol- 
lowing each  other  quickly.  The  very  low  silicon  used  largely  ex- 
plains how  such  quick  work  is  possible.  If  we  could  get  the  stuff 
into  the  ingots,  it  would  be  utterly  impossible  to  make  bad  steel 
with  ordinary  care.  As  we  all  know,  the  only  trouble  in  making 
acid  steel  is  the  high  silicon,  which  requires  great  judgment  in  the 
matter  of  scrapping  or  blowing  the  steel,  so  that  it  may  regularly 
contain  the  same  amount  of  silicon.  When  we  have  only  0.6  to  0.9, 
we  cannot  leave  any  silicon  in,  and  therefore  if  we  get  the  steel  into 
the  ingot-moulds  (and  that  is  a  big  "if"),  it  must  be  good,  be- 
cause we  have  only  to  add,  at  the  completion  of  the  blow,  a  small 
amount  of  ferro  or  spiegel — which  is  a  very  simple  thing — in  order 
to  get  a  regular  amount  of  carbon  and  manganese.  Therefore,  for 
any  one  to  say  that  working  quickly  must  necessarily  make  bad  steel, 
is,  I  think,  absurd. 

The  mixer,  as  described,  I  think  would  be  extremely  useful  to  us 
in  England.  At  one  of  the  works  with  which  I  am  connected,  the 
attempt  has  been  made  to  use  pig-iron  direct  from  the  blast-furnace 
for  the  basic  Bessemer,  and  given  up,  because,  in  spite  of  the  regu- 
larity which  the  blast-furnace  managers  claimed  to  have  obtained, 
it  was  not  found  that  the  pig-iron  direct  from  the  furnace  was  suffi- 
ciently regular  in  composition  to  give  the  best  results  in  the  matter 
of  yield.  For  example,  it  paid  at  those  particular  works  to  re-melt 
all  the  pig-iron,  simply  because,  by  remelting  it,  we  got  the  least 
"  defectives  "  and  the  best  yield.  The  reason  of  the  better  yield  was 
very  simj)le.  If  the  j)ig-iron  varies  much  in  silicon,  the  after-blow 
will  vary  with  the  silicon,  and  by  mixing  the  pig-iron  and  re-melting 
it  in  the  cupola,  we  get  absolutely  regular  material  running  into  the 
converter,  and  the  blow  will  always  be  of  approximately  the  same 
duration.  The  blowers  should  know  that  tlie  next  blow  would  re- 
quire an  after-blow  of  about  the  same  duration  as  that  required  by 
the  previous  charge.  They  must  arrange  them  on  the  Monday 
morning,  so  that  the  material  can  be  kept  the  same  all  through 
the  week.  Special  attention  should  be  given  to  the  Jones  mixer,  to 
which  reference  has  been  made. 

The  question  of  blowing  in  steam  is  specially  interesting  to  basic 
peo[)le,  because  in  the  basic  Siemens  process  we  get  rid  of  the  phos- 
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phorus  before  the  carbon  is  gone,  and  if  we  could,  in  the  basic  Bes- 
semer, get  rid  of  that  after-blow,  we  should  save  from  3  to  4  per 
cent,  in  yield.  Although  we  can  make  good  material  now,  we  could 
make  even  better  with  no  after-blow.  Therefore,  any  man  who  dis- 
covered how  to  do  away  with  the  after-blow  would  do  one  of  the 
three  things  required  to  make  the  basic  process  perfect.  It  has  al- 
ways seemed  to  me  that  the  reason  why  an  after-blow  is  required 
is  that  we  are  not  able  to  get  base  and  oxygen  simultaneously  offered 
to  the  phosphorus.  In  the  basic  open-hearth  furnace,  oxygen  and 
base  are  given  at  the  same  moment,  and  we  get  rid  of  the  phosphorus 
before  getting  rid  of  the  carbon.  In  the  basic  Bessemer  process,  we 
are  unable  to  give  a  base  until  the  carbon  has  gone.  If  some  one 
would  discover  some  vaporous  or  liquid  base  that  could  be  blown  in 
M'ith  the  blast,  then  that  person  would  do  one  of  the  three  things 
required  to  make  the  basic  process  perfect. 

William  Tozer,  Sheffield,  Eng. :  The  experience  which  I  have 
had  in  the  basic  Bessemer  practice  has  been  principally  in  the 
direction  of  the  higher  qualities  of  Bessemer  steel  which  are  used  in 
the  Sheffield  district ;  and  in  studying  Professor  Howe's  paper  it 
has  occurred  to  me  that  if  we  could  obtain  a  Bessemer  hematite 
pig-iron  which  would  run  lower  in  silicon  tl>au  the  iron  that  they 
offer  us  in  the  market,  it  would  be  a  great  advantage  to  us  for  cer- 
tain cla&ses  of  Bessemer  steel.  I  allude  to  a  silicon  probably  not  so 
low  as  the  American  practice,  but  if  we  can  obtain  an  iron  with  1.0 
per  cent,  or  something  of  that  sort,  it  would  be  a  distinct  benefit  to 
us.  As  it  is  now,  if  we  require  anything  of  the  kind,  we  have  to 
use  either  No.  3  or  No.  4  hematite,  which  is  pretty  high  in  sulphur 
for  our  purpose.  I  don't  know  whether  the  sulphur  could  be  re- 
duced by  increasing  the  manganese.  I  suppose,  if  that  were  done, 
the  cost  would  be  increased  at  the  same  time.  I  think  that  our  very 
high  silicon  irons  are  not  at  all  suitable  to  the  high  quality  of  Bes- 
semer steel  which  is  made  in  several  districts  of  our  own  country. 
There  is  one  thing  that  struck  me  with  reference  to  the  enormous 
output.  I  think,  if  in  our  own  country  we  were  able  to  make  any- 
thing like  the  wonderful  output  which  has  been  mentioned  by  Mr. 
Howe,  that  about  five  of  our  rail-works  would  be  all  that  would  be 
necessary.  I  simply  mention  this  to  show  that  in  America  you  have 
a  stimulus  for  increasing  your  output  because  you  have  a  market 
which  is  always  getting  larger  and  larger;  whereas,  in  our  own 
country,  we  have  about  fifteen  rail-works,  and  if  we  were  able  to  do 
anything  like  what  you  are  doing  here,  I  think  we  should  only  want 
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about  five.  I  should  be  interested  if  Profes;?or  Howe  would  iiiCorui 
us  whether  the  men  here  work  three  shifts  of  eight  hours  or  two 
shifts  of  twelve  hours.  He  does  not  mention  that  in  the  paper.  It 
would  be  very  interesting,  because  it  struck  me  that  the  men  must 
be  very  hard  worked  to  get  the  large  turnout.  He  also  mentioned 
that  the  way  of  calculating  wages  in  England  is  not  the  same  as  has 
been  adopted  in  this  country.  I  can  only  say  that,  as  far  as  Shef- 
field is  coucerne<l,  and  the  district  there,  we  always  include  the  wages 
of  every  man  connected  with  the  Bessemer  department  in  arriving 
at  the  cost  of  our  ingots.  I  mean  the  stock-men  in  the  pig-yard,  the 
boiler-feeders,  engine-tenders,  and  so  on.  Mr.  Howe  has  mentioned 
in  his  paper  that  that  did  not  appear  to  be  the  custom  at  the  works 
where  he  had  had  facilities  for  making  investigation.  I  was  very 
much  surprised  to  learn  that,  for  it  certainly  is  the  custom  in  the 
district  that  I  r-e})resent. 

William  F.  Durfee,  Birdsboro,  Pa. :  It  is  well  known  to  Ameri- 
can engineers  that  I  was  responsible  for  the  engineering  of  the  works 
at  Wyandotte.  It  is  also  well  known  that  those  works  were  aban- 
doned after  a  few  years  of  experimental  existence.  They  were  only 
intended  as  experimental  works;  they  had  accomplished  their  pur- 
pose, and  in  those  works  were  made  the  ingots  from  which  the  first 
steel  rails  rolled  in  this  country  were  produced.  Those  rails  were  of 
admirable  quality ;  they  went  into  one  of  the  northwestern  roads; 
they  were  used  uj)  after  many  years  of  service;  and  I  believe  that 
at  the  present  day  there  is  only  one  fragment  of  the  rails  in  exist- 
ence. I  had  the  })leasure  of  seeing  that  fragment  a  few  years  ago 
mounted  by  my  friend,  Mr.  Potter,  of  Chicago,  and  preserved  in  a 
very  elegant  case.  Those  works  were  intended  simply  as  an  experi- 
ment on  a  grand  scale  to  practically  test  the  question  whether  from 
Lake  Superior  ores,  or  from  other  American  ores  and  metals,  a  sat- 
isfactory steel  could  be  produced.  At  those  works  was  erected  the 
first  laboratory,  I  believe,  that  was  regularly  operated  in  connection 
with  an  iron  and  steel  works  in  America.  Any  one  who  wishes  to 
ascertain  precisely  what  was  done  there  can  do  so  by  reference  to 
the  Transactions  of  the  American  Institute  of  Mining  Engiueers.* 

It  was  the  intention  of  those  who  furnished  the  means  for  carry- 
ing on  tho.se  experimental  works  that  the  moment  it  was  satisfactorily 
demonstrated  that  steel  could  be  produced  of  proper  quality,  they 
would  proceed  with  the  erection  of  larger  works,  in  which  the  busi- 

*  Vol.  .xii.,  p.  223. 

VOL.  XIX. — 7-t 
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ness  could  be  ])rosecutecl  on  a  manufacturing  scale.  When  that  time 
arrived,  they  were  not  prepared,  or  they  declined,  to  proceed  in  the 
way  that  had  been  agreed  upon.  I  immediately  resigned  my  posi- 
tion, and  the  attempt  was  then  made,  under  other  management,  to 
develop  the  experimental  work  by  putting  in  a  second  converter  into 
a  manufacturing  establishment — a  thing  which  I  pronounced  at  the 
outset  to  be  utterly  absurd  to  undertake;  and  after  one  or  two  years 
of  very  unprofitable  existence,  the  attempt  proved  a  failure  in  a 
commercial  sense,  though  there  was  a  great  deal  of  good  steel  made 
there. 

With  regard  to  the  apparatus — when  I  designed  that  original 
apparatus,  the  steel  that  was  made  in  England  was  being  blown  with 
only  8  pounds  of  pressure,  and  we  had  nothing  else  to  go  by  in 
America;  but  I  reasoned  from  a  study  of  the  subject  at  that  time 
that  it  would  be  very  much  better  if  the  pressure  was  increased.  As 
a  result  of  that  reasoning,  I  designed  an  engine  for  blowing  16  pounds 
pressure  of  blast.  At  that  time  the  highest  pressure  in  use  in 
America  for  any  metallurgical  purpose  was  7  pounds  for  a  blast- 
furnace. That  engine  answered  its  purpose;  it  blew  16  pounds 
successfully.  It  was  used  throughout  all  the  operations  there,  and 
finally,  I  presume,  it  went  into  the  scrap-heap,  simply  because  it  was 
not  up  to  the  prevssure  which  was  found  to  be  desirable.  But  I  was 
firmly  persuaded,  after  a  few  blows,  that  the  movement  towards  an 
increase  of  pressure  was  a  mistaken  one,  and  I  am  just  as  much  per- 
suaded at  the  present  moment  that  the  ponderous  engines  that  have 
been  designed  to  produce  20  to  25  pounds  pressure  are  a  totally  un- 
necessary expenditure  of  capital,  and  that  equally  good  results  can 
be  obtained  with  a  much  more  moderate  pressure. 

Mr.  Howe:  Some  of  the  shifts  referred  to  in  my  paper  were  of 
eight  and  some  of  them  were  of  twelve  hours.  In  the  Appendix  is 
given  a  full  statement  of  the  number  of  men,  and  it  is  indicated, 
for  each  class  of  men,  whether  there  are  two  or  three  shifts — that 
is  to  say,  whether  they  are  8-  or  12-hour  shifts.  They  are  ruled 
off  into  first,  second  and  third  turns.  Where  only  the  first  and  second 
turns  are  included,  that  means  that  there  are  only  two  shifts.  Where 
there  are  first,  second  and  third  included,  that  means  that  there  are 
three  shifts  of  eight  hours  each.  As  to  the  limits  of  the  Bessemer 
department,  I  think  the  gentleman  is  hardly  correct,  sj)eaking  gen- 
erally;  though  doubtless  as  to  his  own  district  he  knows  perfectly. 
I  cannot  say  just  how  it  is  in  the  books  of  the  establishments,  but  as 
the  total  number  of  men  have  been   given   me   by  the  managers  of 
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Bessemer  departments  in  Great  Britain,  tliore  are  between  32  and  38 
per  cent,  of  the  mon  in  the  Bessemer  department  who  are  classed 
outside.  Finally,  as  to  Mr.  Durfee's  view  as  to  low  pre.s<<nn  ,  had 
his  connection  with  onr  Bes.semer  industry  been  longer,  his 
strong  personality  might  well  have  left  on  it  an  imi)rcs.s  com- 
parable with  that  of  the  men  whom  I  have  named.  The  whole 
system  depends  upon  extremely  rapid  blowing.  The  oxygen  taken 
up  by  the  iron  must  be  taken  away  from  that  iron  before  the  iron 
gets  to  the  top  of  the  batli.  We  have  air  blown  in  at  the  bottom  of 
the  bath,  and  the  iron  becomes  oxidized  by  the  air,  which  passes  up 
very  rapidly.  The  depth  of  metal  above  wiiere  the  blast  enters 
must  be  so  great  as  to  enable  the  iron  in  travelling  up  to  become 
deoxidized  before  it  reaches  the  to|)  of  the  bath.  The  blast  must 
travel  a  long  distance  through  the  bath  in  order  to  accomplish  that. 
The  distance  which  it  must  travel  to  permit  that  must,  of  counse, 
increa.«e  with  the  rapidity  of  the  blowing.  If  blowing  slowly,  a 
shallow  bath  might  suffice  to  deoxidize  the  iron  ;  but  with  large  out- 
puts, and  blowing  rapidly,  we  must  have  a  deep  bath.  If  we  have 
a  deep  bath,  we  must  have  high  pressure,  as  Mr.  Durfee  knows 
quite  well. 

Discussion  Continued  by  Correspondence. 

James  Gayley,  Braddock,  Pa. :  At  the  Edgar  Thomson  works 
the  practice  is  to  use  iron  containing  a  small  proportion  of  silicon. 
The  average  content  of  silicon  in  the  metal,  as  it  is  poured  into  the 
vessels,  is  1.10  percent.  As  all  of  the  metal  first  passes  through  a 
metal-mixer,  a  considerable  quantity  of  the  initial  heat  is  lost ;  but 
in  cases  where  the  iron  is  sent  direct  to  the  Bessemer  department,  i.e., 
without  passing  through  the  mixer,  it  is  found  .that  0.80  per  cent, 
silicon  will  give  the  same  result  as  to  temperature  of  bath.  For 
rapid  working,  low-silicon  metal  is  not  only  a  necessity,  but  it  avf)ids, 
to  a  great  extent,  the  scrai)ping  of  the  heat  in  the  vessel,  whi(;h  is 
an  uncertain  operation.  The  low-silicon  iron  spoken  of  is  not,  as  it 
is  often  considered,  a  synonymous  term  for  high-sulphur  iron. 
As  a  matter  of  fact,  the  average  sulphur  in  our  iron,  ranging  from 
1,00  to  1.30  per  cent,  silicon,  is  lower  than  when  the  silicon  is  2.0'J 
to  2.30  per  cent.  This  is  what  might  naturally  be  expected,  in- 
asmuch as  the  low-silicon  metal  requires  less  coke  for  its  production  ; 
and  as,  in  our  case,  the  sulphur  is  derived  ejitirely  from  the  coke, 
there  is  less  sulphur  to  be  got  rid  of 

The  grade  of  metal  is  in  no  wise  deteriorated  by  keeping  the  sili- 
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con  low  ;  iron  containing  1.00  per  cent,  silicon  being  as  open-grained 
as  that  containing  2.00  to  2.50  per  cent. ;  in  fact,  it  is  quite  common 
to  see  a  high  grade  of  No.  1  iron  with  only  0.80  per  cent.,  and  even 
with  silicon  as  low  as  0.6n  per  cent,  the  metal  is  gray  and  has  a  good 
grain.  It  frequently  happens  that  the.  Bessemer  department  will 
run  for  twelve  hours  on  metal  which  does  not  exceed  0.70  per  cent, 
of  silicon,  although  the  result  from  such  metal  is  not  as  good  as  when 
silicon  is  higher. 

JoHX  Fritz,  Bethlehem,  Pa.:  The  American  Bessemer  practice 
outlined  in  Mr.  Howe's  paper  is  framed  upon  facts  readily  acces- 
sible at  our  different  works ;  and  knowing  him  to  be  thoroughly 
efficient  as  a  discriminating  collector  of  such  material,  I  have  every 
confidence  in  his  presentation  of  the  case,  especially  since  I  find 
such  facts  as  come  within  my  own  personal  experience  to  be  correctly 
stated. 

The  question  raised  as  to  the  low  silicon  percentages  used  at  one  or 
two  of  our  works,  arises  mainly,  I  think,  from  a  want  of  familiarity 
with  the  close  and  accurate  methods  that  obtain  in  the  driving  prac- 
tice of  these  works. 

Our  own  practice  is  by  no  means  so  rapid,  and  our  pig  is  compara- 
tively free  from  manganese ;  and  yet,  melting  with  anthracite  in  place 
of  coke,  we  find  no  difficulty  in  working  iron  of  1.10  per  cent,  silicon. 
This  we  vary  to  as  high  as  1.50,  to  suit  the  conditions  of  different 
steels  varying  in  carbon  from  006  to  1.25  per  cent. 

Melting  with  anthracite  is  by  no  means  so  rapid  as  with  coke; 
but  preference  is  given  to  it  owing  to  the  lower  and  much  more 
regular  content  of  phosphorus  and  sulphur.  All  anthracite  for 
cupola-melting  is  carefully  selected  from  one  or  two  mines,  and 
frequent  analyses  are  made  in  order  to  avoid,  as  far  as  possible,  any 
variation. 

E.  C.  Potter,  Chicago,  111. :  While  I  believe  that  the  general 
average  of  American  Bessemer  pig-iron,  as  delivered  to  tiie  converter, 
is  lower  in  silicon  than  the  established  European  practice,  yet  it 
seems  to  me  that  Mr.  Howe  has  given  undue  prominence  to  prac- 
tice whicli  uses  pig-iron  exceptionally  low  in  silicon,  thereby  unin- 
tentionally misleading  his  readers  as  to  the  usual  and  average  Ameri- 
can practice.  Even  the  practice  which  he  cites,  as  using  iron  with 
silicon  considerably  below  1  per  cent,  is  not  the  ordinary  or  average 
j)ractice  at  the  works  in  question.  If  I  translate  Mr.  Howe's  cipher 
names  of  works  correctly — and  in  this  particular  case  I  believe  I  do 
— the  use  of  iron  as   low  in  silicon   as  stated,  is,  I  believe,  largely 
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confined  to  tliose  occasions  of  "l)ontin<i:  tlic  record,"  for  wliidi  those 
works  have  achieved  a  considcrahle  notoriety.  For  these  occasions, 
in  order  to  attain  the  greatest  jiossilde  speed,  a  sufficient  quantity  of 
low-silicon  iron  is  selected  out  of  stock,  and  reserved  for  this  great 
effort,  which  extends  over  periods  vai'ying  from  a  week  to  a  montli. 
In  this  way,  certainly,  many  consecutive  lieats,  and  even  niany  con- 
secutive days,  of  very  low-silicon  practice  may  be  obtained.  J^ut 
when  the  record  has  been  sufficiently  broken,  a  return  to  the  ordinary 
stock  of  iron  is  necessary,  the  average  of  which  is  eonsideraI)ly  higher 
in  silicon  because  of  the  withdrawal  of  all  the  low-silicon  iron.  I 
have  known  of  these  works  being  compelled  to  run  largely  on  iron 
carrying  3  per  cent,  to  4  per  cent,  of  silicon,  after  a  month  spent  in 
"record-breaking."  Their  average  therefore,  is  no  lower  than  the 
rest  of  the  country,  whicii  I  should  place  at  1.75  per  cent,  to  2.00 
per  cent,  of  silicon.  It  is  impossible  for  any  works,  or  any  group  of 
works,  to  run  continuously  on  iron  below  1.00  ])er  cent,  in  silicon, 
simply  because  it  is  impossible  for  any  blast-furnace  to  make  this 
character  of  iron  regularly  and  uniformly,  and  of  sufficient  purilv, 
especially  as  regards  sulj)liur,  for  steel-making.  I  would  not  be 
construed  as  condemning  the  use  of  low-silicon  iron,  or  controverting 
Mr.  Howe  in  his  general  deductions.  I  merely  desire  to  correct  what 
seems  to  me  to  be  an  unintentionally  misleading  impression  to  the 
reader  of  his  admirable  paper,  that  the  usual  or  typical  American 
practice  is  the  use  of  this  very  low-silicon  iron. 

Upon  one  point,  however,  I  must  squarely  take  issue  with  Mr. 
Howe — namely,  on  the  question  of  rapid  running  as  affecting  quality. 
Upon  the  general  proposition  that  of  two  plants  of  equal  size,  one 
American,  the  other  European,  the  former  will  yield  a  considerably 
larger  tonnage  than  the  latter,  and  in  tliat  respect  is  a  "raj)id  "  plant, 
I  am  firmly  of  the  opinion,  with  ]Mr.  Howe,  that  our  quality  does 
not  suffer  with  the  larger  output,  for  reasons  clearly  set  forth  in  the 
pa])er  under  discussion.  But  when  a  plant  which,  for  example,  would 
make  700  tons  per  day  in  Europe,  or  1000  tons  jier  day  in  America, 
is  forced  in  America  to  make  1200, 1400,  or  even  1500  tons  per  day, 
I  insist  that  the  result  as  regards  quality  is  unsatisfactory,  not  to  say 
disastrous.  I  am  speaking  now  of  that  strictly  American  practice 
of  "  beating  the  record."  The  utter  recklessness  with  which  opera- 
tions are  carried  on  on  these  occasions  is  sufficient  proof  that  the 
results  must  be  bad — and  they  a?'e  bad.  I  never  knew  of  a  record 
broken  in  which  the  record  for  high  percentage  of  second  quality 
was  not  also  broken.     The  desire  for  tonnage,  tonnage,  nothing  but 
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tonnao;e,  by  both  manager  and  men,  leads  to  slovenly,  careless  work. 
In  the  mad  struggle  for  supremacy  everything  goes  with  a  rush — 
scrapping  carelessly  done ;  blowing  more  or  less  inaccurate;  heats 
poured  hurriedly  and  in  a  slovenly  manner;  nozzles  in  ladles  badly 
set  and  imperfect  streams  resulting ;  moulds  carelessly  and  irregularly 
set  in  their  stools,  causing   large  "fins"  on   the  bottoms  of  ingots; 
moulds  insufficiently  cooled;  and  ingots  stripped  too  soon.     Any  or 
all  of  these  deficiencies  would  seriously  impair   the  quality  of  the 
product.     Then,  when   the  rail-mill   is  reached,  we  find   the  steel 
either  insufficiently  heated  or  scorched  ;  the  rolls  are  not  changed  as 
soon  or  as  often  as  they  should   be ;  saws  are  allowed  to  run    until 
dull,  resulting  in  rough  and  inaccurate  cutting;  rails  are  straightened 
so  hot   that  they  cannot  be   handled  without   hand-leathers,  conse- 
quently they  continue  to  warp  after  they  have  left  the  mill,  reaching 
the  purchaser's   hands  in   bad   condition,  and   often   unfit  to  lay  in 
track.     It  is  in  the  finishing  department  of  the  mill  that  the  sins  of 
"  beating  the  record  "  are  most  largely  developed.     A  hot-bed  de- 
signed to  deal  with  1500  rails  per  shift  cannot  well  deal  with  2000 
rails  per  shift  with  equal  care.     There  are  two  ways  of  meeting  the 
emergency  of  a  heavy  surplus  of  rails  on  the  hot-bed  :  one,  to  pile 
the  surplus  of  rails,  unstraightened,  in  the  yard,  to  be  straightened 
when  not  engaged  in  "  beating  the  record,"  which  is  expensive  and 
not  particularly  good   for  the   rails;  another  way  is  to  cool  all  the 
rails  on  the  hot-bed  with  water,  which  certainly  facilitates  matters,  but 
cannot  be  recommended   as  good  or  safe   practice.     It  has  actually 
been  done,  though,  at  a  works  noted  for   its  "distinctive  American 
practice,"   use  of  low-silicon  pig,  and  frequency  of  "  beating  the 
record."     It  is  unnecessary  to  add  that  these  rails  so  cooled  were  not 
popular  upon  the  railway  for  which  they  were  intended,  the  manager 
of  which  railway  was  singularly  unappreciative  of  the  necessity  for 
"beating  the  record."     These  same  works,  after  a  month's  run,  in 
which  the  records  for  the  month,  week,  day  and  shift  were  hope- 
lessly smashed,  and  the  works  and  its  manager  surrounded  with  a 
halo  of  glory,  took  three  months  to  straighten  and   ship  the  surplus 
of  rails  piled  in  the  yard,  working  Saturday  nights  and  Sundays. 
During  that  time  the  accounting  department  was  entirely  in  the  dark 
as  to  whether  certain  contracts  were  filled,  or  where  they  stood  with 
their  orders. 

There  is  one  individual  about  the  plant  who  does  not  enter  upon 
a  "record-breaking"  spurt  with   the  same  enthusiasm  as  his  co- 
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laborers.  This  is  the  master-mechanic.  A  broken  record  has  no 
charms  for  him.  He  knows  who  will  have  to  "  pay  the  fiddler," 
and  thirty-si.x  hours  of  steady  hard  work  on  his  machinery  to  get 
it  in  any  kind  of  shape  for  the  following  Monday  morning  is  not 
alluring.  He  is  the  man  who  is  compelled  to  beat  all  kinds  of 
records  to  get  ready  for  next  week,  and  he  can  testify  feelingly  that 
our  machinery  docs  suffer  by  reason  of  the  over-driving  incident  to 
"beating  the  record." 

This  is  a  cursory  glance  at  some  of  the  salient  features  of  this 
peculiarly  American  institution,  whereby  many  managers  gain  renown 
for  themselves  and  their  works.  I  fail  to  see  any  features  in  it  to 
commend  it  to  universal  practice.  It  simply  is  a  "spurt,"  by  which 
a  rate  of  speed  is  attained  that  could  not  be  continued,  and  v/ould 
not  be  if  it  could.  The  manager,  therefore,  has  not  proved  any- 
thing as  to  his  capacity,  and  has  simply  succeeded  in  deteriorating 
the  quality  of  his  product  to  gratify  a  foolish  and  eventually  ex- 
travagant pride.  What,  then,  is  there  to  praise?  I  believe  most 
heartily  in  the  spirit  of  emulation  and  esprit  du  corps,  which  is  so 
important  a  factor  in  the  successful  management  and  operation  of  our 
works,  but  I  believe  these  things  should  be  tempered  with  reason  and 
good  judgment. 

Mr.  Howe  :  Mr.  Potter's  strictures  demand  a  very  full  reply. 
In  speaking  of  the  Ningunaparte  practice  of  having  but  from  0.6  to 
0.9  per  cent  of  silicon  in  the  whole  vessel-charge  as  "most  char- 
acteristically American,"  I  thought  that  the  immediately  preceding 
clause,  stating  that  in  the  majority  of  American  mills  the  vessel- 
charge  had  less  than  1.75  per  cent,  of  silicon,  made  it  clear  that  by 
"characteristically  American  "  I  did  not  mean  usual.  The  percent- 
age of  silicon  at  Ningunaparte  is  decidedly  lower  than  at  most 
American  mills. 

That  I  have  given  the  Ningunaparte  practice  undue  prominence  I 
cannot  admit.  It  is  one  of  tho.se  clouds  like  a  man's  hand,  whose 
importance  is  not  readily  overrated. 

The  latest  information  which  I  had  received  from  the  officers  of 
Ningunaparte  gave  their  usual  silicon-content  as  between  0.6  and  0.9 
per  cent.  It  is  still  their  favorite  practice  ;  but  as  it  is  not  always 
convenient  to  obtain  iron  with  so  little  silicon,  and  as,  owing  to  tem- 
jiorary  delays,  it  is  sometimes  desirable  to  use  a  little  more  silicon, 
the  average  proportion  of  silicon  taken  over  long  periods  is  a  little 
higher.     The   last  returns  which  I  now  have,  covering  a  period  of 
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nearly  a  year,  give  the  average  proportion  of  silicon  for  tlie  whole 
period  as  a  little  less  than  0.98  per  cent.,  10  per  cent,  of  all  the  heats 
having  less  than  0.73  per  cent,  of  silicon. 

The  Bessemer  superintendent  writes  me  (INIarch,  1891):  "I 
should  have  had  it  lower  if  I  had  had  the  low-silicon  pig  to  melt; 
as  it  was,  I  was  obliged  to  use  all  kinds  of  scrap  to  keep  it  down." 

He  states  further,  that  if  the  rail-mill  would  take  the  steel  as  fast 
as  he  could  make  it,  he  could  run  continuously  with  from  0.66  to  0.76 
percent,  of  silicon  in  the  molten  metal — I  believe  further  reducing 
its  eifective  calorific  power,  by  charging  in  addition  cold  steel  scrap, 
and  blowing  steam  through  the  bath. 

As  far  as  the  calorific  power  of  the  charge  is  concerned,  the  above 
average  of  0.98  per  cent,  of  silicon  is  equivalent  to  an  average  prob- 
ably of  less  than  0.90  per  cent,  of  silicon  in  the  case  of  charges  wholly 
melted  before  their  introduction  into  the  vessel ;  for  about  4  per  cent, 
of  the  charge  is  introduced  in  a  cold  state  into  the  vessel ;  and  a  great 
deal  of  steam  is  blown  through  the  charge  to  lower  its  temperature. 
By  like  reasoning,  the  average  silicon-content  of  the  first  four  months 
of  1890,  at  the  Union  Mill,  as  given  in  Table  IV.,  is  equivalent  to 
an  average  of  about  0.85  per  cent,  of  silicon  in  the  case  of  wholly 
molten  charges. 

I  will  now  take  up  some  of  Mr.  Potter's  statements  in  detail. 

1.  He  states  that  the  average  silicon-content  at  Ningunaparte  is 
not  lower  than  from  1.75  to  2.00  per  cent.  He  is  misinformed.  I 
have  just  given  the  average  for  a  period  of  nearly  a  year  as  less  than 
1  per  cent. 

He  says  that  the  average  of  silicon  in  other  American  works  is  from 
1.75  to  2.00  per  cent. 

I  had  stated  that  the  majority  of  mills  use  less  than  1.75  percent. 
I  have  before  me  information  from  seventeen  American  Bessemer 
works,  including  all  the  principal  ones. 

Number  using  less  than  1.30  per  cent,  of  silicon,  ....  7 
Number  using  less  tlian  1.75  per  cent,  of  silicon,  .  .  .  .13 
Nimiber  using  more  than  1.75  per  cent,  of  silicon,         ...       4 

My  information  from  those  using  more  than  1.75  per  cent,  of  sili- 
con is,  with  one  exception,  some  years  old,  and  it  is  not  unlikely  that 
some  of  these  have  followed  the  general  current  of  A  merican  practice, 
and  reduced  their  silicon.  Messrs.  Fritz  and  Gayley  have  just  given 
you  the  practice  of  Bethlehem  and  Edgar  Thomson. 

Mr.  Potter  may  be  misled  by  taking  as  the  silicon-content  of  the 


NOTES   ON  THE   BESSEMER    PROCESS.  1177 

vessel-charge  that  of  the  jiig-iron  used.  This,  however,  is  first  di- 
luted by  the  addition  of  scrap  before  melting  in  the  cupola,  then  im- 
poverished by  the  removal  of  silicon  in  the  cu|wla,and  finally  further 
diluted  by  the  addition  of  cold  scraj>  in  the  vessel  itself. 

2.  He  says,  It  is.  impossible  to  run  confivuoush/  vith  less  fJian  1  jwr 
cent,  of  silicon,  because  the  blast-furnace  camwt  mahe  iron  vith  so 
little  regularly,  and  free  enough  from  sulphur, 

Mr.  Gayley  has  only  just  told  us  that  the  average  silicon-content 
of  the  Edgar  Thomson  metal  (direct- metal,  I  take  it),  as  it  goes  to 
the  vessel,  is  1.10  percent.  If  this  metal  were  to  be  remclted  in 
cupolas,  as  in  common  American  practice,  and  if  the  manager  sought 
to  bring  the  silicon-content  of  his  vessel-charge  continuously  below 
1.00  per  cent.,  he  couhl  certainly  do  it  by  so  mixing  the  iron  that 
each  charge  would  have  nearly  the  average  con)position  of  the  metal 
from  the  bh\st-furnace,  or  1.10  per  cent.  If,  now,  the  metal  further 
lost  0.20  per  cent,  of  silicon  in  melting  in  the  cupola,  and  if  to  the 
melted  charge  8  per  cent,  of  scrap-bloom  and  rail-ends  were  added, 
the  silicon  in  the  vessel-charge  would  be  only  0.83  per  cent.  Mr. 
Gayley  further  tells  us  that  at  Edgar  Thomson  the  sulphur  decreases 
with  the  silicon,  instead  of  rising,  as  Mr.  Potter  injj)lies. 

But  the  loss  in  the  cupola  is  often  greater  than  I  have  here  taken 
it,  and  the  pr()})orti()n  of  scraj)  to  be  remclted  may  be  higher;  so 
that  it  siiould  be  wholly  possible,  under  such  conditions  (I  do  not 
say  convenient),  for  the  Bessemer  manager  continuously  to  obtain  in 
practice  vessel-charges  even  lower  in  silicon  than  0.83  per  cent.,  if  he 
sought  them. 

3.  Admitting  that  reasonably  rapid  running  does  not  injure  quality, 
Mr.  Potter  takes  issue  squarely  with  me,  insisting  that  record-break- 
ing efforts  injure  quality.  This  is  quite  a  feat,  as  I  had  never  inti- 
mated that  they  did  not.  Then  follows  a  vigorous  denunciation  of 
record-breaking,  and  of  the  Ningunaparte  record-breakers.  To  make 
sweeping  charges  against  a  class  of  men  is  easy;  to  rebut  them  in 
detail  necessarily  difficult.  To  prove  a  negative  is  rarely  easy. 
Many  of  Mr.  Potter's  charges  cannot,  in  their  very  nature,  be  dis- 
proved. Mr.  Potter  himself  has  been  a  notorious  record-breaker.  I 
find  it  difficult  to  believe  his  charges,  even  as  applied  to  himself. 
As  I  have  no  interest,  beyond  a  love  of  truth,  in  collecting  evidence 
to  free  other  record-breakers  from  his  charges,  and  you  none  to  hear 
detailed  evidence  in  rebuttal,  let  it  suffice  if  I  insist  gencrically  that 
his  picture  of  what  occurs  during  record-breaking  is,  as  regards  those 
record-breaking  mills  with  which  I  am  familiar,  including  Ninguna- 
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parte,  most  grotesquely  and  unrecognizably  exaggerated  and  dis- 
torted ;  and  if,  replying  specifically,  from  such  evidence  as  is  at  hand, 
I  meet  with  exact  numerical  data  enough  of  his  unsupported  asser- 
tions to  give  the  reader  some  idea  of  their  credibility,  and  of  the  care 
exercised  in  their  preparation. 

4.  3Ir.  Potter  never  knew  a  record  broken  which  did  not  also  break 
the  record  for  high  'percentage  of  second-quality  rails.  I  know  many. 
Indeed,  where,  as  at  Edgar  Thomson,  the  rails  are  chipped  between 
the  passes  at  the  rail-train,  and  where  every  bloom  that  even  gives 
the  least  promise  of  producing  a  second-quality  rail  causes  serious 
delay,  while  its  incipient  cracks  are  chipped  out,  it  is  evident  that, 
if  the  output  of  rails  is  to  be  great,  the  proportion  of  second-quality 
rails  must  be  small.  That  this  is  true,  witness  the  fact  that  the 
greatest  "  runs  at  these  works  have  been  made  when  the  percentage 
of  'seconds'  has  been  lowest,"  as  1  am  assured  (March  4th,  1891) 
by  the  most  unquestionable  authority.  Witness  the  statement  of 
Captain  Jones,  at  the  time  general  manager  of  these  works,  that 
"  it  is  impossible  to  attain  great  speed  in  working  while  making  bad 
steel."* 

At  the  Union  Works  the  proportion  of  seconds  for  the  months  of 
November,  1887,  and  May,  1888,  both  of  them,  I  believe,  record- 
breaking  months,  was  1.53  per  cent,  and  1.42  per  cent.,  respec- 
tively; by  no  means  excessive.  I  have  known  mills  to  make  over 
10  per  cent,  of  second-quality  rails  when  running  at  moderate 
speed. 

The  output  of  the  Union  Works  for  several  of  the  17  consecutive 
months  represented  in  Table  IV.  breaks  almost  all  records  existing 
j)rior  to  the  first  of  them.  If  there  were  any  necessary  connection 
between  the  output  at  these  great  speeds  and  the  proportion  of  second- 
quality  rails,  it  should  be  apparent  in  this  table.  Yet  it  gives  no 
such  indication.  Confining  ourselves  to  the  last  11  months.  May, 
the  slowest  but  one,  has  60  j)er  cent,  more  seconds  than  the  average. 
The  average  proportion  of  seconds  for  the  fastest  6  months  is  actually 
less  than  that  for  the  slowest  5  months. 

5.  He  says  that,  in  record-breaking,  scrapping  is  carelessly  done. 
Careless  scrapping  implies  irregularity  in  the  weight  of  the  charge, 
and  hence  an  excessive  proportion  of  butt-ingots,  i.e.,  of  pieces  of 
ingots  which  fall  below  that  weight  needed  for  making  an  aliquot 
whole  number  of  rails.     Yet  in  the  banner-month  of  October,  1889, 

*  Jonrnnl  of  the  Iron  and  Steel  Institute,  1881,  i.,  p.  137. 
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at  tlie  Union  Works  (cf.  Table  I.),  so  far  as  I  know  still  the  cham- 
pion month  for  the  whole  world,  the  pro|)or(ion  of  l)utt-in<;dt!S  was 
only  0.47  per  cent,  of  the  total  weight  of  metal  charged.  If  this  be 
madness,  there's  method  in  it. 

So,  too,  the  average  proportion  of  butt-ingots  in  the  last  11  con- 
secutive months  in  Table  IV.,  all  of  them  high-.speed  months,  was 
only  0.66  per  cent. 

6.  He  says  that  in  record- breahmg  the  blowing  is  more  or  less  in- 
accurate. So  it  is  ;  decidedly  less  inaccurate  than  to  justify  liis 
apparent  implication.  Turning  again  to  the  last  11  months,  Table 
IV.,  we  find  that  the  variation  in  the  proi)ortion  of  carbon  in  the 
steel  is  actually  less  in  the  fastest  6  than  in  the  slowest  5  months. 
That  is  to  say,  with  the  irony  of  fate,  the  raj)id  work  here,  even  at 
this  tremendous  pace,  had  more  accurate  blowing  than  the  relatively 
slow  work. 

During  the  famous  month  of  October,  1889,  at  the  Union  AVorks, 
the  carbon  in  the  steel  lay,  with  the  exception  of  a  single  doubtful 
heat  out  of  the  (about)  3600  heats,  within  a  range  of  0.06  per  cent, 
above,  and  0.07  per  cent,  below  the  average.  Considering  the  large 
number  of  heats  represented,  considering  that,  in  order  to  save 
iron,  it  is  desirable  to  arrest  the  blow  at  the  first  marked  indica- 
tion of  shortening  of  the  flame,  is  this  more,  or  is  it  less  inaccurate 
blowing? 

Now,  does  this  inaccurate  blowing,  which,  Mr.  Potter  says,  arises 
during  record-breaking,  consist  in  blowing  sometimes  too  long  and 
.sometimes  not  long  enough?  In  that  case  the  insufficiently  blown 
heats  would  give  steel  which  would  be  too  hard,  and  the  resulting 
rails  should  either  be  classed  as  of  second  quality  or  rejected.  But, 
as  we  see  elsewhere,  there  is  no  indication  of  an  excessive  proportion 
either  of  second-quality  rails  or  of  rejected  raiLs. 

Or  does  the  inaccurate  blowing  consist  .solely  in  sometimes  blow- 
ing too  long?  In  this  case,  the  loss  of  iron  should  be  excessive. 
Yet,  in  the  banner-month  of  October,  1889,  at  the  Union  Works, 
the  loss  was  only  10.85  per  cent.;  the  average  loss  for  the  last  11 
rapid  months  of  Table  IV.  was  only  9.60  per  cent. 

Finally,  inaccurate  blowing  should  cause  irregularity  in  the  weight 
of  the  blown  charge,  with  con.sequent  increase  in  the  proportion  of 
butt-ingots;  yet  we  have  seen  that  this  proportion  is  so  insignifi- 
cant as  to  indicate  extreme  accuracy  in  all  the  conditions  affecting 
the  weight  of  the  blown  metal,  whether  as  to  weighing,  blowing  or 
pouring. 
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7.  He  says  that  during  record-breaking  the  steel  is  poured  hurriedly 
and  in  a  slovenly  manner ;  the  nozzles  are  badly  set,  caminr/  iinper- 
feet  streams  ;  the  moulds  are  irregularly  set,  so  that  large  jins  form 
on  the  bottoms  of  the  ingots.  If  this  is  true,  it  should  manifest  itself 
by  increasing  the  proportion  of  second-quality  rails,  of  pit-scrap, 
and  of  butt-ingots.  If  the  pouring  is  irregular,  the  weight  of  the 
ingots  must  vary,  and  hence  a  considerable  weight  of  butt-ingots 
must  arise.     We  have  seen  that  their  weight  is  inconsiderable. 

Actually,  only  2.30  per  cent,  of  scrap  altogether  was  made  in  the 
month  of  October,  1889,  at  the  Union  Bessemer  Works,  of  which  2.21 
per  cent,  was  pit-scrap,  and  0  09  per  cent,  was  iron  scrap.  So,  too, 
in  the  last  11  consecutive  rapid  months  given  in  Table  IV.,  only  2.11 
per  cent,  of  pit-scrap  was  made. 

The  effect  of  record-breaking  on  the  proportion  of  second-quality 
rails  we  have  already  considered. 

8.  He  says  that  during  record-breaking  the  moulds  are  insufficiently 
cooled.  The  effects  of  insufficient  cooling  should  be,  first,  to  cause 
the  ingots  to  stick  in  the  moulds,  thus  delaying  operations  hopelessly, 
and  so  preventing  record-breaking,  and  causing  cracks  in  the  ingots, 
and  thus  leading  to  increasing  the  proportion  of  second-quality  rails; 
and  second,  to  hasten  the  destruction  of  the  moulds. 

But  we  find  that  in  October,  1889,  at  the  Union  Works,  the  moulds 
lasted  unusually  long,  viz.,  an  average  of  92.63  h^ats  each.  This 
agrees  with  common  experience  and  common  sense — that  it  is  only  by 
the  closest  attention  to  such  details  as  the  proper  cooling  of  the  moulds 
that  great  speed  can  be  maintained. 

9.  He  says  that  during  record-breaking  the  ingots  are  stripped  too 
soon.  If  the  ingots  are  to  be  heated  on  end,  which  is  thought  the 
best  practice,  and  which  is  done  at  the  Union  Works,  they  cannot  be 
stripped  too  soon,  so  far  as  quality  is  concerned.  The  only  danger  in 
very  early  stripping  is  that  the  ingots  may  bleed ;  but  the  low  pro- 
portion of  pit-scrap,  2.21  per  cent.,  already  referred  to,  shows  that  no 
serious  amount  of  bleeding  can  have  occurred. 

10.  Any  of  the  evils,  5  to  d  inclusive,  would  seriously  impair  the 
qualify  of  the  steel.  The  statement  that  either  careless  scrapping,  or 
irregular  setting,  or  insufficient  cooling  of  moulds,  or  early  strip- 
ping of  ingots  would  seriously  injure  the  steel,  points  to  that  "going 
with  a  rush  "  into  print,  which  Mr.  Potter  deplored  as  applied  to 
Bessemer  practice. 

11.  During  record-breaJcing  the  ingots  are  either  over-  or  under- 
heated  ;  rolls  are  not  changed  often  enough  ;  neither  are  the  saws,  so 
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that  they  cut  roxighly  and  huiccuraidy  ;  rails  are  straightoicd  so  hot 
that  they  thereafter  warp  in  cooling.  Charges  easy  to  make,  hard  to 
refute.  Each  of  these  evils  would  be  likely  to  lead  to  rejection  by 
the  purchaser's  inspectors,  and  should  thus  diuiinish  the  shipments 
of  rails.  For  if  the  steel  were  not  at  the  desired  temperature  on 
entering  the  rolls,  neither  would  it  he  on  leaving  them  and  on  saw- 
ing: hence  its  contraction  after  sawing  would  be  either  too  great 
or  too  little,  and  the  rails  would  not  be  true  to  length,  and  should 
be  rejected.  If  the  rolls  were  not  changed  often  enough,  the  rails 
would  not  be  true  to  section,  and  should  be  rejected  ;  so,  too,  if  the 
saws  cut  irregularly,  the  rails,  not  being  true  to  length,  should  be 
rejecited. 

Turning  now  to  the  facts,  we  fin  1  that  in  the  record-breaking  month 
of  May,  1888,  at  the  Union  Works,  the  shipments  of  rails  were  96 
per  cent,  of  the  weight  made,  which  tallies  ill  with  the  Bedlamite 
reign  of  terror  which  Mr.  Potter  so  ruthlessly  exposes. 

12.  It  is  hard  to  comment  on  Mr.  Potter's  remarks  about  insuffi- 
cient hot-beds.  Nobody  applauds  insufficient  hot-beds,  nor  do  they 
form  a  feature  of  American  rapid  practice.  There  is  room  in  our 
country  for  all  the  hot-beds  needed.  Nor  is  it  common  An)erican 
practice  during  record-breaking  to  cool  rails  with  water.  It  has 
been  done  after  the  rails  have  become  perfectly  black,  but  never, 
so  far  as  I  know,  injuriously.  In  stating  that,  at  the  mill  he 
clearly  refers  to,  it  took  three  months  to  straighten  and  ship  the 
excess  of  rails  piled  in  the  yard  during  a  single  record-breaking 
month,  I  have  it  on  direct  authority  that  Mr.  Potter  is  wholly  mis- 
informed. 

1 3.  He  says  that  our  machinery  does  suffer  from  over-driving  inci- 
dent to  beating  the  record.  A  bare  assertion,  wholly  unsup|)()rted  by 
evidence.  To  reconcile  it  with  the  detailed  statements  as  to  the 
actual  endurance  of  our  machinery  given  in  the  body  of  my  |)aper, 
and  with  the  almost  record-breaking  output  kept  up  during  the 
greater  part  of  the  17  successive  months  given  in  Table  IV.,  few  will 
Und  easy. 

Looking  at  it  now  in  a  general  way,  it  should  be  apparent  to  every 
one  experienced  in  executive  work  that,  where  great  sjjeed  is  to  be 
kept  up  for  a  month  at  a  time,  the  very  administrative  difficulties 
which  must  arise  demand  as  a  fundamental  condition  that  there  shall 
be  no  mad  rush  ;  that  every  detail  shall  not  only  be  carefully  thought 
out  beforehand,  but  carefully  executed,  "The  utter  recklessness," 
the  "slovenly  careless  work,"  "the  mad  struggle"  which  exist,  accord- 
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ing  to  Mr.  Potter,  must  necessarily  defeat  themselves.  He  who  would 
run  a  rod  at  highest  speed  may  indeed  rush  madly  ;  he  whose  army 
spans  a  continent  tlie  swiftest,  husbands  his  resources,  looks  well  to 
diet  and  shoeing;  while  he  must  not  waste  time,  neither  dare  he 
waste  strength.  What  protracted  struggle  against  time  or  man  or 
beast  was  ever  won  by  utter  recklessness,  mad  rushes,  carelessness 
and  slovenliness? 

While,  like  Mr.  Potter  and  every  other  sane  man,  I  would  not 
commend  record-breaking  "  for  universal  practice,"  I  am  confident 
that  its  occasional  practice  is  desirable;  for,  in  preparing  for  a  record- 
breaking  effort  and  in  carrying  it  out,  expedients  are  devised  in  the 
way  of  organization  and  of  detail  of  procedure  ;  short  cuts  are  estab- 
lished, which  are  used  after  the  effort  has  ceased,  and  which  may  in- 
troduce great  economies.  Witness  our  low-silicon  practice.  A  speed 
is  reached  which,  indeed,  cannot  be  long  sustained  then  ;  but  the 
experience  gained  permits  a  greater  permanent  speed  than  was  pos- 
sible before  the  spurt,  and,  when  we  return  to  normal  speed,  it  is  no 
longer  that  which  was  normal  before.  Little  by  little  the  organiza- 
tion adapts  itself  to  this  new  speed,  till  it  is  as  easy  as  the  old  was. 
Then  comes  a  new  spurt,  with  another  rise  of  the  normal  speed. 
After  a  number  of  these  elevations  of  the  normal,  we  find  that  it  is 
far,  far  beyond  the  maximum  speed  of  our  early  spurts.  Thus  the 
average  output  of  the  17  consecutive  months  in  Table  IV.  is  78  per 
cent,  greater  (or,  if  we  omit  the  3  months  affected  by  extraor- 
dinary delays  from  strikes,  orders  from  the  directors,  and  the  annual 
stoppage  for  general  repairs,  90  per  cent,  greater)  than  the  15,000 
tons  which  Captain  Jones  looked  forward  to,  in  1881,  as  the  prob- 
able limit  which  we  might  someday  reach. 

I  am  confident  that  these  spurts  have,  on  the  whole,  been  pro- 
ductive of  good,  both  to  mill-owners  and  the  public  ;  that  it  is  in  no 
insignificant  degree  due  to  them,  and  to  the  talent  which  has  directed 
them,  that  the  cost  of  the  Bessemer  process  has  diminished  so  greatly  ; 
that  in  general — certainly  in  the  cases  which  Mr.  Potter  singles  out 
for  attack — haste  has  been  "tempered  with  reason  and  good  judg- 
ment." 

I  am  surprised  that  Mr.  Potter  thinks  tiiat  either  the  intelligence 
or  the  character  of  the  men  who  have  broken  our  records  would  per- 
mit them  to  sacrifice  the  interests  of  which  they  are  the  trustees,  in 
the  way  he  depicts,  especially  when  the  President  behind  has  his 
finger  ever  on  a  button,  which  would  blow  the  earth  from  beneath 
the  manajrer's  feet 
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Note. — Tlie  following  corrections  of  Mr.  Howe's  paper  were 
received  after  the  pages  to  wiiicli  they  belong  had  been  finally 
printed : 

On  page  1160,  the  number  of  ladle-men  should  be  28  instead  of 
22,  and  the  total  should  be  503  instead  of  498. 

On  page  1165,  the  total  of  men  at  pressure-pumps  should  be  1 
instead  of  4,  and  the  grand  total  should  be  503  instead  of  498. 
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[Note.— In  this  Iiuli'i  the  iiamos  of  the  authors  of  papers  and  of  coiitrihutors  to 
discussions  are  iirinted  in  small  capitals,  and  the  titles  of  papers  in  italics.  Casual 
references,  giving  hut  little  iuforniatiou,  are  usually  indicated  by  bracketed  page- 
numbers.] 


Acid  open-hearth  reactions,  1(59, 

Adventure  coppcr-niine.  Lake  Superior,  Mich.  [702]. 
Aerial  Wire  Ropeivays  CPoiUAd)  [xxiii],  7G0. 
Air:  Analysis  of,  in  the  New  Croton  Aqueduct,  New  York,  730. 

Air-compressors:    on  Nantes  and  Vinceunes  tramway,  France,  553;   at  Pl-att   coal- 
mines, Jefferson  county,  Ala.  [307]. 
Alabama  :  Coal  lands  of,  296. 

Pratt  coal-mines  of  the  Tennessee  Coal,  Iron  and  Railroad  Company,  296. 
Albany  and  Boston  cojiper-mine,  Lake  Superior,  685. 
Alleghany  county,  Va.,  Oriskany  iron-ores,  1018. 
Allouez  co]iper-mine.  Lake  Superior,  685. 
Alloys:    Aluminum-alloys,  1041  et  seq.;  experiments  with  alloj-s  of  copper,  tin  and 

lead,  901. 
■  Aluminum:  Application  of,  to  the  manufacture  of  iron  and  steel,  1060,  1077;  cost  of 
manufacture  by  Grabau  method,  1015;  early  liistory  of  the  mannfacture  of,  1043; 
effect  of  in  iron  and  steel,  1049,  1073;  in  manganese-steel  and  spiegeleisen,  1063; 
experiments  with,  to  replace  manganese,  1077;  (irabau  method  for  the  manufac- 
ture of,  1045;  Hall  proces.s,  1046;  Heroult  process,  1046;  literature  relating  to, 
10<>9;  method  of  determination  in  iron,  1.081;  name  for,  1044. 
Aluminum-alloys:  with  cast-iron,  steel  and  wrought-iron,  1041  el  aeq. 
Aluminum -I)ronze,  1043. 
Ahmiinum-steel  (Hadfield)  [xxxi],  1041. 

Amalqatuation  at  the  Comstock  Lode,  Nevada:  A  Historical  ■'Sketch  of  Milling  Ojyerations  at 
Washoe  and  an  Account  of  the  Treatmentof  Tailings  at  the  Lyon  Mill,  Dayton  (HoDGEa) 
[viii],  195. 
American  blast-furnaces.  Development  of,  932. 

Ammonia:  obtained  by  condensation  from  gases  af  coking  in  Germany,  3.36. 
Amygdaloids  of  Lake  Superior,  683. 
Anaconda  copper-mine,  Butte,  Mont.,  690. 

Analyses  of:  Air,  in  tunnel  of  the  New  Croton  Aqueduct,  New  York,  730. 
Aluminum-alloy,  1095. 
Aluminum-steel,  1064. 
Bessemer  steel,  930. 
Blast-furnace  slag,  131. 

Coal  (bituminous):  Alabmna:  Warrior  coal-field,  297. 
Coal  (bituminous  and  lignite):  Oregon,  28. 
Coal  (semi -anthracite ) :   China:  Tsu-Hung-Tung,  575.. 
Copper,  commercial,  593. 

Copper-ore:  China:  Ping  Cliuan  district,  592. 
Copper-slag:  China:  Ping  Chuan  district,  593. 
Gas:  blast-furnace-gas,  130;  producer-gas,  136. 

Iron-ores:  ('(inndn:  Galway,  Haliburton  county  (magnetic),  .34;  Snowdon  iron  dis- 
trict (magnetic),  33;  Ontario.  Belmont  (magnetic),  31;  Kingston  and  Pembroke 
district  (magnetic),  35  ;  Michigan  :  Lake  Sui)erior,  60;  Virginia  :  Alleghany  county 
(brown  m-e),  1021;  Botetourt  county,  Buchanan,  1024;  Carroll  county   (gossan- 
ore),  1031;  Cumberland  Gap  (fossil-ores),  1023;    Tazewell  county  (brown  heina- 
titesl,  1018;   Wythe  county,  Cri])ple  Creek  (l)rown  ores),  1028. 
Iron-ore  (magnetic)  concentrates,  ()9,  193;  open-hearth  slag,  131. 
Pig-iron:    Virginia:  Wythe  county,  Ivanhoi;  Furnace,  988. 
Silver-ores:  Bolivia:  Potosi,  90;   China:  Ku-Shan-Tzu;,  589. 
Steel  rails,  896;  steel  tires,  899. 
Analyses  of  Lake  Superior  L)-on-ores  (GiOETz)  [ix],  .59v 
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Analysis.  International  standards  of,  for  iron  and  steel,  614;  methods  of,  for  gas,  130 ; 
open-hearth  slag,  131. 

Andrews,  Thomas,  Eemarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel, 
1079. 

Anthracite,  preparation  of,  398. 

Appalachian  Valley,  iron-ores  in,  8. 

Aqueduct,  New  Croton,  Excavation  of,  705. 

Arizona  copper  company,  689. 

Arizona :  copper  production  from  1884  to  1890  inclusive,  703. 

Armor  for  ships,  647. 

Arnold,  J.  O.,  Eemarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel, 
1088. 

Arvonian  rocks  in  the  United  States,  7. 

Aspen,  Colo.,  Use  of  electric  power-transmission  at,  282. 

Assays  (see  also  Analyses)  of:  Concentrated  magnetic  iron-ores,  Michigamme  Iron- 
mine,  Lake  Superior,  69. 
Gold  quartz  in  China  at  Chao-Yuen  district,  583 ;  Je-Shui  district,  594;  Niug-Hai 
mines,  579;  Ping-Tu  mines,  581. 

Atlantic  copper-mine.  Lake  Superior,  684  et  seq. 

Automatic  gyrating  coal-separator  at  Drifton,  Pa.,  428  et  seq. 

Automatic  slate-picker,  424. 

Ball.  C.  M.,  The  Ball-Norton  Eledro-Maqnet'ic  Separator  [vii],  187. 

Ball-Xorton  Electro- Magnetic  Separator  (Ball)  [vii],  187. 

Barber,  Commander  F.  M.,  Remarks  in  discussion  of  Sir  Nathaniel  Barnaby's  paper 

on  iron  and  steel  ships,  651. 
Barnaby,  Sir  Nathaniel,  The  Protection  of  Iron  and  Steel  Ships  against  Foundering 

from  Injury  to  their  Shells,  including  the  Use  of  Armor  [xx],  638. 
Basic  process :  Chemical  equation  of,  171 ;  importance  of,  in  Germany,  359  ;  German 
practice  of,  533;  at  Horde,  Westphalia,  Germany,  364  et  seq.;  at  Peine,  Hanover, 
Germany,  372;  at  Plioenix  Steel  Works,  Ruhrort,  Germany,  369,  798  et  seq.  ;  slag 
used  as  a  fertilizer,  362,  831 ;  product  of  1889,  850  ;  tables  of  results  of  carburiziug 
metal  by  Darby  process,  801. 
Bayles,  James  C,  Explosions  from  Unknown  Causes  [vii],  18 ;  Spirally-welded  Steel  Tubes 

[sxxii],  1112. 
Beclitelsville,  Berks  county,  Pa.,  Magnetic  concentration  of  iron-ore  at,  667. 
Bell,  Sir  Lowthian,  On' the  Probable  Future  of  the  Manufacture  of  Iron  [xx],  834. 
Remarks  in  discussiou  of  Dr.  Dudley's  paper  on  the  wear  of  metal,  909  ;  of  Mr.  Gay- 
ley's  paper  on  American  1)last-furiiaces,  9.57,  9S3;  on  the  manufacture  of  alumi- 
num, 1013;   in  support  of  a  resolution  in  lionor  of  Prof,  von  Tunner,  xxii. 
Belmont  iron-mine,  Belmont,  Peterboro  county,  Canada,  30. 
Belt  copper-mine.  Lake  Superior,  Mich.  (7021. 

Benson  iron-mines,  St.  Lawrence  countv.  New  York  :  Magnetic  concentration  of  iron- 
ore  at,  192,  663,  666. 
Bessemer  Medal:  Presentation  to  Mr.  A.  S.  Hewitt.     Address  of  Sir  James  Kitson, 

President  of  the  Iron  and  Steel  Institute  [xxxi],  515;  Mr.  Hewitt's  reply,  517. 
Bessemer  Process:  Advantages  of  uufired  soakiug-pits,  533 ;  carburizing  apparatus  for, 
794. 
Casting-ladle  used  in  Germany,  528. 
Converter  bottom  and  linings  [372]. 
Darby  process  of  recarburization,  790. 
German  practice,  .331  et  seq. ;  .523  et  seq. 
Importance  of  the  B.  process,  518  et  seq. ;  soaking-pits  in  Germany,  533;  in  America, 

540. 
Notes  on  large  outputs,  rapid  running,  general  arrangement  of  plant,  rolling-mill 
practice,  distribution  of  labor,  etc..  in  American  Bessemer  works,  witli  compari- 
sons of  Euglisli  and  European  practice,  1120. 
Sulphur  in  steel,  effects  of,  544. 
Bessemer,  Sir  Henry,  Autograph  letter  from,  containing  an  account  of  the  discovery 

of  the  Bessemer  process,  810. 
Bessemer  Steel  :  Analyses  of,  545,  546,  930. 

Production  of  ingots  in  1889  in  Great  Britain,  831. 
Unreliability  of,  for  structural  purposes,  929  et  seq. 
Big  Horn  Coiiiitry,  Wyoming,  Resources  of,  49. 
Big  Stone  Gap  iron-mine,  Wise  county.  Va.,  1023. 
BiKKiNiii    v.,  .Unis,  Progress  in  Marinetic  (Concentration  of  Iron-Ore  [xl,fi.}6;  remarks 

in  discussion  of  Mr.  Gayley's  paper  on  American  blast-furnaces,  992. 
Bisbee  copper-district,  Arizona,  6S9  el  seq. 

Bisulpliidc  of  iron  :  in  Charlemont,  Mass.  [695] ;  in  Louisa  county,  Virginia  [695]. 
Black  Mills,  Wyoming,  resources  of,  49  et  seq. 
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Blairtoii  iron-mine,  Blairtmi,  Peterborough  county,  Canada,  .31. 

Blanchet  System  of  Pneumatic  Hoisting,  used  at  Epinac  coUierj-,  Saone  et  Loire, 
Franco,  109. 

Blanket-sluices  used  at  Comstock  Lode,  Nevada,  209. 

Blast-furnaces:  Illinois:  Cook  county,  N(nth  Chicago  Rolling  Mill  Company,  0f)9 ; 
Union  Steel  Co.,  972;  Michiaan  :  Van  Hurcn  county,  IJanjjor,  Spring  Lake,  992; 
Ohio:  ilahoning  county,  Struthers,  932 ;  Pennsi/lfuiiid  :  Allegheny  county,  Pitts- 
burgh. Edgar  Thomson,  t)74,  9.32  ;  Isal)ella,  931 ;  Lucy,  934;  Montgoniery'county. 
Pottstown,  Warwick,  9H3';  Vinjinia:  Wythe  county,  Ivanhoe,  9S('>;  Wi.iconsin  : 
Asliland  county,  Ashland,  Hinkle,  993  et  seq. ;  Eiufland :  Cleveland  district,  958 
et  seq. ;  Germany:  tapper  Silesia,  Euhrort,  Phcenix,  369;  Friedenshiitte,  310; 
Westphalia,  Horde,  3()1,  378. 

Blast-furnace  construction:  in  America,  932  et  seq. ;  in  Great  Britain,  9.")7  f<  sc^.  ,•  in 
Germany,  331  et  seq.,  967. 

Blast-furnace  process:  Chemical  changes  in  the,  842;  Coal  v.  coke  as  ])last-furnace 
fuel,  964  et  seq. ;  Comparison  of  conditions  in  the  blast  and  reverberatory  furnace, 
for  treating  ores  containing  gold  and  silver,  S43;  Comparison  of  heat-production 
and  requirements  in  English  and  American  furnaces,  959  et  seq. ;  Composition  of 
ore-bed  prepared  for  cliarging,  at  Horde,  Germany,  347;  Cooling  of  the  hearth  nt 
Gelsenkirehen,  Germany,  342;  Daily  pi-oduction  of  pig-iron  at  various  German 
furnaces,  346  et  seq. ;  Development  of  American  furnaces,  932  et  seq. ;  Furnace 
working  at  West  Cumberland,  England,  975;  Hearths,  374;  Invention  of  tho 
blast-furnace,  837;  Large  yields,  932  et  seq. ;  Practice  in  (iermany,339  et  seq. ;  Pro- 
gress in  furnace-working  since  1880,932;  Sulpiiate  of  potash  saved  from  llue- 
dust,  3.12;  Temperature  of  blast  in  German  works,  342;  Use  of  manganese  to 
remove  sulphur,  352;   Utilization  of  furnace-gases  in  German  works,  344. 

Blast-furnace  slag:  As  cement,  3.50;  as  fertilizer,  362;  treatment  of  at  Hiirde,  Ger- 
many, 362. 

Bloom-sheai-s,  in  German  Steel  Works,  536. 

Blue  Ridge,  Virginia,  iron-ores,  1026. 

Bolivia,  Potosi  Silver  District,  74. 

Boulder  county,  Colorado,  vein  phenomena  in,  547. 

British  Contributions  to  the  Metallurqy  of  Iron  and  Steel  (Kitson).  Address  at  the  Pitts- 
burgh International  Session,  October,  1890  [xx],  807. 

Bronze  (See  Aluminum-bronze). 

Brown  hematites:  Average  yield  of  iron  from,  291;  results  of  experiments  in 
magnetizing,  293. 

Buchanan  magnetic  ore-separator,  64  (667). 

Cabot,  John  W.,  On  Sulphur  in  Bessemer  Steel  [ix],  .544. 

Calcining  paint-ore  at  Lehigh  Gap,  Pa.,  .330. 

Calumet  and  Hecla  copper-mine.  Lake  Superior,  685  et  seq. 

Campbell,  H.  H.,   The  Physical  and  Chemical  Equations  of  the  Open-Hearth    Process 

[viii],  128. 
Campo  Seco  copper-mine,  Calaveras  county,  California,  660. 
Carbon  in  iron  and  steel:  Investigation  of  methods  of  analysis,  614. 
C   ESON,  J.  P.,  Notes  on  the  Excavation  of  the  New  Croton  Aqueduct  [viii],  705. 
Casting-ladle  used  in  Germany,  528. 
Casting  of  steel  ingots,  314. 
Castings  (iron),  producti<m  in  Germany,  3.32. 
Cast-iron,  specifications  for,  916. 
Cast-iron  Tools  for  Cutting  Metals  (Sm  th)  [ix],  317. 
Castle-Gate  coal-mine,  Utah,  267,  273,  288. 
Catalan  direct  process  of  iron  manufacture,  836. 
Cazin,  F.  M.  F.,  Remarks  in  discussion  of  Mr.  Douglas'  paper  on  the  copper  resources 

of  the  United  States,  705. 
Cement  from  blast-furnace  slag  in  Germany,  3.50. 
Centennial  copper-mine.  Lake  .Superior,  Mich.  [687]. 
Central  copi)er-mine.  Lake  Superior,  Mich.,  682  et  seq. 
Central  Ontario  Railway  iron-mines,  Hastings  county,  Civnada,  32. 
Chance,  H.  M.,  The  Resources  of  the  Black  Hills  and  Big  Horn  Country,  Wyoming  [viii],  49. 
Chao-Yuen,  China,  gold-district,  583. 
Charging  blast-furnaces,  376;  open-hearth  furnaces,  313. 
Chemical  and  physical  equation  of  the  open-hearth  process,  128. 
Chenot's  direct  process  of  iron-making,  846. 
China  :  t^^oal-deposits  at  Kai-Ping  [571] ;  progress  of  mining  in,  .571 ;  silver-lead  mines 

at  Ku-Shan-Tzu,  588. 
Chloriuation  of  auriferous  sulphides  at  Haile  gold-mine,  601  et  seq. 
Clapp,  George  H.,  and  Hunt,  Alfred  E.,  The  Inspection  of  Materials  of  Construction 

in  the  United  Stales  [xxxii],  911. 
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Clark,  Ellis,  Notes  on  the  Progress  of  Mining  in  China  [ix],  571. 

Cliff  copper-miue.  Lake  Superior,  Mich.,  679. 

Clifton  district,  Graham  county,  Ariz.,  689. 

Clinton  group,  Eed  hematite-ores  of  the,  in  Virginia,  1022. 

Coal:  Analyses,  577,  .595,  1033,  1031;  bony,  400;  comparison  of  Alabama  and  other 
coals,  298;  calorific  power,  182;  peculiar  occurrence  in  limestone,  China,  575. 

Coal-fields:  Alabama:  Warrior,  296;  Oregon:  Coos  Bay  [24];  Virginia:  Flat  Top 
and  Xew  Eiver,  1033  et  seq. ;  Wi/oming :  Black  Hills  and  Big  Horn  Country,  55; 
China  [571],  575,  595. 

Coal-mines  :  Pratt,  Ala.,  296;  Hay  Creek,  Dak.  [,53]  ;  Drifton,  Pa.,  393  et  seq. 

Coal-mining:  in  Alabama,  296  et  seq. ;  electricity  applied  to,  261,  276  et  seq. 

Coul-prepuiMtiou  (anthracite),  39S  et  seq. 

Coal-production:  Oregon  [2i]:  Pratt  mines,  Ala.,  313;  Washington  [2i] ;  of  Germany, 
332:  of  the  United  Stites  (1870  to  1890),  504;  of  the  world  (1354  to  1889),  504. 

Cokp::  Analyses  of,  1033;  Alabama:  Pratt,  311;  Virginia:  Pocahontas,  1034;  IFesi 
Virginia:  Fire  Creek,  Ntittall  iind  QninneTUont,  1033;  comparison  of  Connells- 
ville,  Pa,,  with  Durham,  Eng.,  988;  coking  in  Germany,  334  et  seq.;  physical  be- 
havior of  coke  in  the  blast-furnace,  989. 

Colorado,  Vein-phenomena  in  Boulder  county,  547. 

Colusa  copper-mine,  Butte,  Mont.,  690. 

Combustion  of  producer-gas,  146  et  seq. 

Compressed-air  motor,  .5.53. 

Comstock  lode,  Nev.,  195. 

Concentration  of  gold-ores  in  S.  C,  606  (see  also  magnetic  concentration). 

Condensing  and  purifying  by-products  from  coke-ovens,  338. 

Conglomerates,  copper-bearing,  of  Lake  Superior,  685. 

Conglomerate  copper-mine.  Lake  Superior,  Mich.  [702]. 

CooK,  Edgar  S.,  Eemarks  in  discussion  of  Mr.  Gayley's  paper  on  the  development  of 
American  blast-furnaces,  961. 

Copper  :  Alloys  of  (see  aluminum-bronze) ;  behavior  of,  in  welding  by  electricity,  883; 
consumption  of,  in  the  U.  S.,  698;  product  of  Arizona.  694,  703;  of  Montana.  694, 
703;  of  the  U.  S.  (1845  to  1890),  700 ;  of  the  world  (1879  to  1890),  704 ;  refining,  in 
China,  593. 

Copper  Falls  copper-mine.  Lake  Superior,  Mich.,  682. 

Copper-mines  of  the  United  States:  Alabama:  Cleburne  county.  Stone  Hill,  694; 
Arizona:  Cochise  county,  Copper  Queen,  689;  Graham  county,  Longfellow,  681, 
689;  Maricopa  county,  Globe  and  Old  Dominion,  639  ;  Yavapai  county,  Verde, 
690;  C(f///or»i«  [698],  Calavera-s  county,  Canipo  Seco,  680;  Union,  680;  Georgia: 
Haralson  county,  Tallapoosa,  694  ;  Idaho  [698];  Michigan:  Counties  not  given; 
Belt  [702];  Peninsula  [702];  Houghton  county,  Albany  and  Boston,  685;  Atlan- 
tic, 684;  Calumet  and  Hecla,  680;  Centennial,  687;  Conglomerate  [702];  Frank- 
lin [702];  Grand  Portage,  683;  Hancock  [702]:  Huron,  683;  Kearsarge,  684;  O.s- 
ceola,  685;  Pewabic,  683:  Quincy,  684;  Sheldon-Colombian,  683;  Tamarack,  685; 
Tamarack,  Junior,  687;  Wolverine;  Isle  Royale  county.  Isle  Royale,  683;  Minong 
[702]:  Keweenaw  county,  Allouez,  685;  Central,  682;  Cliff,  679;  Copper  Falls, 
682;  Xorttiwesteru  [682]";  Plicenix.  682;  St.  Clair  [702];  Ontonagon  county,  Ad- 
venture [702];  Evergreen  Bluff,  682;  Knowlton  [702];  Mass,  682;  Minnesota, 
682;  National  [702];  Nonesuch  [702);  Ogina  [702];  Ridge,  632;  Montana:  Silver 
Bow  county.  Anaconda.  690;  Colusa,  690;  Gagnon,  t)90;  Hattio  Harvey,  690; 
Mountain  View,  690,  Original,  690;  Parrott,  690:  Shannon.  690;  St.  Lawrence, 
690;  .NVw  Mexico:  (4rant  county,  San  Pedro  [697];  Nerada  [698];  North  Carolina: 
Ashe  county.  Ore  Knob  [691] ;  Tennessee:  Polk  county.  Ducktowii,  680,  (>94;  Ver- 
viont:  Versiiire  district,  Ely,  680.  691;  Texas  [697].  Other  Cchjntries:  China: 
Ping-Chiian-Chao,  .589  et  seq. ;  Tsu-Hung-Tuug,  573;  Sonth  Australia  :  Burra-Burra 
[683] ;  Moonta  [i\A8]. 

Copper-mining.  History  of,  in  the  United  States,  678  et  seq. 

CV)pper-oi-es,  Analyses  of,  .592.  593. 

C!o])per  Queen  copper-mine,  Bisbee  district,  Ariz.,  689. 
Copper- Resources  of  the  United  t^lates  (DouoLAs)  [ix],  678. 

Corn,  Average  yield  per  acre  in  the  U.  S.,  513. 

Cost:  Of  concentrating  iron-ore  witii  electro-magnetic  ajiparatus  at  Michegararae, 
Mich.,  68,  660;  at  Tilly  Foster,  N.  Y.,  73,  6.59;  of  drilling  and  excavation  in  Cro- 
ton  .\(|ueduct,  N.  Y.,  7.50,  7.58;  of  haulage  by  mules  and  by  electro-motor,  231;  of 
making  aluminum  by  Grabau  motliod,  1045;  of  making  water-gas  with  I.,oomis 
plant.  1015;  of  mining  at  Potosi,  Holivia,  95;  of  ojicrating  comprcs.sed-air  tram- 
ways at  Nantes  and  X^incennes,  l''ran(x',  .553  ;  in  the  United  States  (estimated), 
.561 :  of  i)neumatic  lujisf  ing  at  Epinac,  Franct;,  120  :  of  treating  Comstock  tailings 
at  r)ayton,  Nev.,  231;  of  wire-tramway  plant  at  Garrucha,  Spain,  779. 
CV)XE,  EfKLEY  B.,  The  Iron  Breaker  at  Drifton,  with  a  Description  of  some  of  the  Machi- 
nery  Used  for  Handling  and  Preparing   Coal  at  the  Cross  Creek  Collieries  [\x],S9S; 


INDEX.  1189 

remarks  in  discussion  of  Mr.  Spaiildiiig's  painr  on  electric  iiower-transniission  in 

mines,  286. 
Cranberry  iron-mine,  Mitchell  county,  N.  C,  667. 
Cripple  Creek,  Va.,  iron-ores,  1027. 
Crookk,  W.\t,ter,  Massick's  and  Crooke's  American  Patent  Fire-Drick  Hot-Blast  f^tox'e 

[xxxii],  1036. 
Croton  iron-mine,  Putnam  county,  N.  Y.,  666. 
Croton  water-slied,  N.  Y.,  70,5. 
Crozer  iron-mines,  Roanoke  county,  Ya.,  1026. 
Crystalline  rocks,  iron-ores  in,  5  et  seq. 
Croton  Aqueduct  (New),  New  York,  Excavation  of,  including  notes  on  the  lighting, 

ventilation,  tinil)ering,  use  of  explosives,  etc.,  705  et  seq. 
Cuba:  .Tnragua  iron-mines  [291]. 
Cutting-tools  of  cast-iron  with  chilled  edges,  317. 

Daelen,  R.  M.,  JN'o/cs  on  Recent  Improvements  in  German  Reel- Works  amJ  nolUng-Mills 
[viii],  523. 

Daggar,  ,Tohn  H.  J.,  Remarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum- 
steel,  1082. 

Dana,  E.  8.,  Classification  of  the  natural  magnetic  minerals  [289]. 

Darby.  .John  H..  Remarks  in  discussion  of  Mr.  Hadfield's  jiaper  on  aluminum-steel, 
1085. 

Darby  process  of  recarburization,  790. 

Dayton,  Nev.,  Lyon  silver-mill,  treatment  of  tailings  at,  207. 

Department  of  Metallurgy  and  Economic  Geohqy  in  the  United  States  National  Mnsenm  (De- 
wey) [v'iii]  232. 

Dephosphorizing  {)ig-iron:  Thomas  process,  l!62. 

Determination  of  alumiiunn  in  iron,  1081  ;  of  the  calorific  power  of  a  mixed  gas,  133; 
of  phosphorus  in  pig-iron  by  the  acetate  method,  131 ;  of  the  specific  heat  of  a 
mixed  gas,  131. 

Detroit  Copper  Company's  mine.  Clifton  district,  Ariz  ,  689. 

Derehipmeut  of  American  Bhtst-Fnrnaces,  with  Special  Reference  to  Large  Yields  (Gay.'EY) 
[xxxi],  932. 

Development  of  the  Marine  Engine  and  the  Progress  Made  in  Marine  Engineering  During  the 
Past  Fifteen  Years  (Seaton)  [xx],  8.55. 

Dewey,  F.  P.,  The  Department  of  Metallurgy  and  Economic  Geology  in  the  United  Slates 
National  Museum  [viii],  2.32. 

Diamond  drill,  in  tlie  New  Croton  Aqueduct,  7.50  et  seq. 

Discovery  of  the  Coiiistock  lode,  195;  of  the  Washoe  process,  196. 

Doe,  .T.  S.,  On  practical  application  of  electricity  to  coal-mines  (in  paper  of  Mr. 
Spaulding),276. 

Dooi.iTTi.E,  C.  E.,  Use  of  electric  power-transmission  at  A.spen,  Colorado  (in  paper 
of  Mr.  Spaulding),  282. 

Douglas,  James,  The  Copper- Resources  of  the  United  States  [ix],  678;  Remarks  iu  discus- 
sion of  Mr.  Spaulding's  pai)er  on  electric  power-trausmission,  286. 

Drifton,  Pa.,  the  iron  coal-breaker  at,  398. 

Ducktown  copper-mines.  Polk  coniity.  Tennessee,  680,  694. 

Dudley,  C.  B.,  The  Wear  of  Metal  as  Influenced  by  its  Chemical  and  Physical  Properties 
[xxxi],  892;  Remarks  in  discussion  of  Prof.  Laugley's  paper  on  international 
standards  for  the  analysis  of  iron  and  steel,  635. 

DuRFEE,  William  F.,  Remarks  in  discussion  of  Mr.  Howe's  paper  on  the  Bessemer 
process,  1169:  of  Mr.  Daelen's  paper  on  recent  improvements  iu  Gernuiu  steel- 
works and  rolling-mills,  .538. 

Economic  Geology,  Department  of,  at  U.  S.  National  Museum,  Washington,  232. 

J  dgar  Thomson  Steel  Works,  Pittsburgh,  Pa  ,  674 ;  Genesis  of  the  Edgar  Tiiomson 
furnaces  A  and  B,  675 ;  Records  of  working  and  product  of  furnaces,  9.37  et  seq. 

Edison  magnetic  ore-sejiarator,  (667). 

Electricity,  application  of:  Coal-cutter,  261;  Drill,  261;  Hauling  and  hoisting 
machines,  (278),  267  et  seq.;  Mine-lights,  270 ;  metal-working,  877,  1046;  Mine- 
locomotives,  2.58;  Ore-dressing,  62,  71,  187,  6.58;  Power-transmission,  253  et  seq.  ; 
Pumping,  267;  Welding.  877. 

Electric  flower- Transmission  in  Mining  Operations  (Spauldixg)  [viii],  2.58. 

Electro-magnetic  reciprocating  engine,  273. 

Electro-magnetic  separator,  Ball-Norton,  187,  663. 

Elevating  machinery  for  coal,  at  Drifton,  Pa.,  430  et  seq. 

Ely  copper-mine,  Yershire  district,  Vermont,  680,  694. 

Evergreen  Blufl'  copper-mine,  Lake  Superior,  682. 

Excavation  of  the  New  Croton  Aqueduct,  Notes  on,  705. 

Excursions  of  the  American  Reception  Committee,  xxxii. 
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Explosions  from  Unhiown  Causes  (Bayles)  [vii],  18. 

Fhus,  Guibal,  with  Walker  anti-vibration  re.E:ulating  shutter,  37. 

Faeish,  John  B.,  Interesting  J^ein  Phenomena  in  Boulder  County,  Colorado  [ix],  547. 

Feed-table,  suspended,  for  rolling-mills,  42. 

FeiTo-maug^auese,  manufacture  of,  at  Oberhausen,  Germany,  348. 

Fertilizer,  basic  slag  used  as,  362,  831. 

Fire-brick  hot-blast  stoves,  Massick's  aud  Crooke's,  1036. 

Fire  Creek,  West  Virginia,  coals,  1033. 

Flat  Top  coal-field,  Virginia,  1033. 

Flue-dust,  sulphate  of  potash  saved  by  leaching,  352. 

Fossils,  Devonian,  from  Bolivia,  104. 

FowLE,  John  C,  Magnetic  Concentration  at  the  Michigamme  Iron-Mine,  Lake  Superior 
[vii],  62. 

Franklin  copper-mine.  Lake  Superior,  Michigan,  (683). 

Freight-traffic  on  railroads  of  the  Tjnited  States  from  1882  to  1890,  486. 

Feitz,  John,  Eemarks  in  discussion  of  Mr.  Howe's  paper  on  the  Bessemer  process, 
1172. 

Fuel-consumption:  Average  per  ton  of  iron  at  Lucy  furnace,  Pittsburgh,  Pa.,  936 ; 
At  Warwick  furnace,  Pottstown,  Pa.,  963;  At  the  Edgar  Thomson  furnaces,  937, 
958;  At  Cleveland  furnaces,  England,  958;  Eti'ect  of  moisture  ou  fuel-consump- 
tion, 940. 

Fuel-Gas  and  Some  of  Its  Applications  (Loomis)  [xxxii],  995. 

Gagnon  copper-  and  silver-mine,  Butte,  Montana,  690. 

Garrucha,  Spain,  wire  rope-way  at,  760  et  seq. 

Gas-analysis,  method  of,  130. 

Gas  formed  by  explosion  of  dynamite,  727. 

Gases:  Loomis  gas-generator,  1010  et  seq.;  Methods  of  analysis,  130  et  seq.:  Specific 
heat  of  a  mixed  gas,  131 ;  Calorific  power,  133;  L^tilizatiou  of  coking-gases,  338; 
Of  furnace-gases,  344. 

Gas- washer  [338]. 

Gas-pi-oducer,  calorific  efficiency  of,  136. 

Gayley,  James,  The  Development  of  American  Blnsf-Furnnres.  ivith  Special  Reference 
to  Large  Yields  [xxxi],  932;  Eemarks  in  discussion  of  Mr.  Howe's  paper  ou  the 
Bessemer  process,  117. 

Generator,  electric,  272  ;  Loomis  gas-,  1010. 

Genesis  of  the  Edgar  Thomson  Blast -Fumaces  fSHlNN)  [ix],  674. 

Geology  :  Bolivia,  Potosi  silver  district,  81 ;  Canada :  Ontario  iron  districts  [29] ;  China  : 
Je-Hol  silver-lead  district,  585;  Ping-Chuan  copper  distinct,  591;  Shantung  gold 
mining  district,  577;  New  Yorlc :  New  Crotou  Aqueduct,  Xew  York,  709;  Penn- 
sylvania: Paint-ore  mines  at  Lehigh  Gap,  322:  South  Carolina:  Lancaster  county, 
Haile  gold-mine,  595  (60.3). 

Geology  of  the  Haile  Mine,  i^unth  Carolina  (Thies  and  Mezger)  [ix],  595. 

German  practice  in  the  metallurgy  of  iron  and  steel,  331,  523. 

GiLCHBiST,  P.  C.,  Remarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel, 
1077  ;  of  Mr.  Howe's  paper  on  the  Bessemer  jtrocess,  1166;  of  Mr.  Thieleu's  paper 
on  the  Darby  process  of  recarburization,  803,  807;  of  Prof.  Thomson's  j)aper  on 
welding  by  electricity,  891;  on  the  services  of  deceiised  metallurgists,  xxiii. 

Globe  cop)ier-district,  Maricopa  county,  Arizona,  639. 

GoETZ,  George  W.,  Analyses  of  Lake  Superior  Iron-Ores  [ix],  .59. 

Gogebic  iron-region,  Michigan,  iron-ores,  61. 

Gold:  Chlorination  of  low-grade  auriferous  sulphides.  601;  Interesting  vein-phe- 
nomena in  Boulder  county,  Colorado,  547;  Metallurgy  of,  in  bla.st-furuace  and 
reverberatory  processes,  843- 

Gold -miners:  Colorado:  Boulder  county.  Golden  Age,  517;  Sentinel,  547 ;  South  Caro- 
lina: Lancaster  county,  .595,  601 ;  China:  Cliao-Yueu,  583;  Je-Shui  district,  594 ; 
Xing-Hai  district,  577;   Ping-Tu  district,  579. 

Gould  electric  pump,  268. 

Grand  Portage  cojiper-mine,  Lake  Superior,  Michigan  (633). 

Great  Britain,  production  of  iron  from  1880  to  1890,  481. 

Guibal  fans,  with  regulating  shutter,  37. 

(ivrating  screens,  for  sizing  coal,  408  et  seq. 

H\I)FIELD,  R.  a.,  Aluminum-Steel  [xxxi],  1041. 
Haile  gold-mine,  Lancaster  county.  South  Carolina,  .595,  601. 
Hancock  copper-mine.  Lake  Superior,  Michigan,  (702). 
Harrison  mining-machine  (.304). 
Hattie  Harvey  copper-mine,  Butte,  Montana,  690. 

Haulage:  Wire  ropewavs,  760;  Tail-rope  system  of  undergrouud,  at  Pratt  mines, 
Alabama,  308. 
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Hay  Creek  coal-mines,  Dakota,  r)3. 

Heat,  specific,  of  a  mixed  gas,  131. 

Heatiiig-fiiniaces,  machinery  lor  cliarging,  .113. 

Hematite,  Bilbao,  Sjiain  |b:i!>];  Nao-IiUnji-C'liinfr,  t'liina,  STS. 

Hesse,  Cunkad  E..  The  I'duit-Oir  Jlines  at  I.chifih  (lap  [ix],  321. 

Hewitt,  A.  S.,  Iio)i  (uid  Lnhor  [vii],  475;  Reply  to  Address  of  Sir  James  Kitson,  at 

the  presentation  of  tlie  IJessemer  medal  [xxxi],  517. 
Hinkle  iron  lilast -furnace,  Ashland,  Wisconsin,  })J)3. 
HoDCiES.  A.  ]).,  Jr.,  AuKi/iiamution  tit  the  Cumstovk  I.oile,  Nermlti :  A  JliMniival  Sketch  of 

MUViti(}  Opemtioxs  at  Wnshoe,  and  (Oi  Account  of  the  Treatment  of   Tailings  at  the 

Lyon  Mill,  Dai/toti  [viii],  195. 
Hoisting:  By  electric  motors,  283;  Cable  and  pneumatic,  compared,  115;    Electric 

machinery  for,  2(i7  et  seq.  ;  Imi)rovenu  iifs  in  American  ])ractice,  123;  At  Drifton, 

Pa.,  43()  et  seq. ;  Pratt  mines,  308;  Pneunnitic  hoisting,  109. 
HoLLKY,  Alexandkk  L.,  unveiling  of  memorial  bust  of,  xv. 
HoLLOWAY,  J.  F.,  Kemarks  in  discussion  of  Mr.  Daeleu's  paper  ou  German  steel-works 

and  rolling-mills,  ,542. 
Hot-blast  stoves:  In  Germany,  342,  344  ;  Massicks  and  Crooke's,  103(i. 
Howe,  Henky  M.,  Noten  on  the  Bessemer  I'loeess  [xxxi],  1120;  Remarks  in  discussion 

of  Sir  Lowtbian  Bell's  ]iaper  on  the  ])robable  future  of  the  manufacture  of  iron, 

851,  854  ;  of  Mr.  Daelen's  paper  on  recent  improvements  in  German  steel-works 

and    rolling-mills,    537;    of   Mr.  Wellnian's    paper   on    machinery  for   charging 

furnaces,  317. 
HuciiiEs,  Joii     (See  statistical  charts). 

Humboldt,  I.ake  Superior,  Michigan,  magnetic  concentration  of  iron-ore  at,  fir>7. 
Hunt,  Alfred  E.,  and  Clapp,  Geor   E  H.,  21ie  Inspection  of  Materials  of  Construction 

in  the  UnitetJ  Slates  [xxxii],  911. 
Hunt,  R.  W.,  Remarks  in  discussion  of  Mr.  Daelen's  paper  ou  recent  improvements  in 

German  steel -works  and  rolling-mills,  539. 
Hunt,  T.  Sterry,  The  Iron-Ores  of  the  United  States  [xxiv],  3;  Letter  concerning  Prof. 

von  Tunner,  xxi. 
Huron  copper-mine,  Lake  Superior,  Michigan  (683). 
Huronian  rocks  in  tlie  United  States,  8. 
Hydraulic  power  in  German  steel-works,  536. 

Inspection  of  Materials  of  Construction  in  the  United  States  (Cl  PP  and  Hunt) 
[xxxiiL  911. 

Interesting  Vein-Phenomena  in  Boulder  County,  Colorado  (Farish)  [ix],  547. 

Ingot-iron  (See  Ii"on). 

International  Standards  for  the  Analysis  of  Iron  and  Steel  (Langley)  [xxiii],  614. 

Iron  (See  Cast-iron,  '^\'rouglit-iron,  etc.j  alloys  with  aluminum,  1041  etseq  ;  basic  i)ig 
manufiicture  in  Germany,  350;  ingot-iron  fur  rails  in  Germany,  (3f2);  Price  of 
iron  from  18.54  to  1890,  512;  Production,  in  England,  (iermany  and  America,  331, 
332,358;  In  Pennsylvania  (Anthracite  pig  1,962;  In  (ireat  Britain  from  1880  to 
1890,  481 ;  At  various  German  furnaces,  346  et  seq. ;  Standards  and  specifi<'ations 
for  testing,  914  et  seq. 

Iron  and  Labor  (Hewitt)  [vii],  475. 

Iron  and  Steel  Institute:  its  origin,  aims  and  work,  475;  New  York  meeting,  Pro- 
ceedinfis,  xxxi;  presentation  of  Bessemer  medal,  with  addresses  of  Sir  .James  Kitsou 
and  lion.  A.  S.  Hewitt  [xxxi],  515  et  seq. 

Iron-Breaker  at  Drifton ;  with  a  Description  of  some  of  the  Machinery  used  for  llandlinij 
and  Preparing  Coal  at  the  Cross  Creek  Collieries  (CoxE)  [ix],  398. 

Iron-Mines  of  the  United  St.vtes:  Counecticitt:  magnetic  sand.s,  5;  Michigan  :  Lake 
Superior.  59;  Xew  Jersey:  Morris  county,  Weldon,  6(i7;  Sussex  county,  Ogden, 
667;  New  York:  Columbia  county.  Burden  (carbonate),  11;  Essex  county,  Mine- 
ville,  666;  Port  Henry,  663;  Putnam  county,  Croton,  666;  St.  Lawrence  county, 
Benson.  192,  663,  666;  Xorth  Carolina:  Mitchell  county,  Cranbi-rry  imagnetite) 
[667] ;  Pennsylrania  :  Berks  county,  Bechtelsville  :  magnetite  i,  667  ;  Virginia  :  Alle- 
ghany county,  Longdale,  1019;  Lowmoor  (brown  i,  1020;  Blue  Ridge  (specular), 
1017;  Botetourt  county  (brown),  1024  ;  Roanoke  county,  Crozer  (brown),  102(> ; 
Tazewell  county  (brown),  1018;  Wise  county.  Big  Stone  Gap  (brown  and  fo.ssil 
red  ,  1023.  Other  Countries:  Canada:  Ontario.  Haliburton  county,  Snowdou 
district,  .33;  Hastings  county.  Central  Ontario  R.  R.,  32;  Peterl)oro  county,  Bel- 
mont, 30;   Blairton,31;   O/ftrt.-  Jnragua  [291]. 

Iron-Ores:  Analyses.  60,  61,  1018.  1021,  1023, 1024,  1028.  1031,  10.32,10.34;  average  yield 
of  brown  hematites,  291 ;  iron-ores  of  Api)alachian  valley,  8  et  seq. ;  of  (rermany, 
332;  of  Lake  Superior,  59,484;  of  Virginia,  1016  el  seq.;  importations  of  (1887 
and  18881,  17;  niagnetic  concentration  of,  62,  71,  187,  6.56;  magnetization  of,  289 
et  seq.  ;  washing  of,  1029. 

Iron-Ores  of  Virginia  and  their  Development  (Pechin)  [xxxii],  1016. 
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Iron-Ores  of  the  United  States  (Hunt,  T.  Sterey)  [xxiv],  3. 
Isabella  blast-furnace,  Pittsburgh,  Pa.,  934. 
Isle  Eoyale  copper-mine,  Lake  Superior,  Mich.  [683]. 
Ivanlioe  blast-furnace,  Wythe  county,  Va.,  986. 

Jacobus,  D.  S.,  Latest  Developments  in  Compressed- Air  Motors  for  Tramways  [ix],  553. 

Jeflerson  county,  Ala.,  coal,  298. 

Je-Hol,  China,  silver-lead  mining  district,  585. 

Je-Shui,  China,  gold  district,  594. 

Jigs  for  coal-washing,  at  Drifton,  Pa.,  420. 

Jones,  Clemens,  The  Magnetization  of  Irbn-Ore  [vii],  289. 

Juragua  iron-mines,  Cuba  [291]. 

Kai-Ping,  China,  coal-deposits  [571]. 

Kearsarge  copper-mine.  Lake  Superior,  Mich.  [684]. 

Kennedy,  Julian,  Eemarks  in  discussion  of  Mr.  Gayley's  paper  on  the  development 

of  American  blast-furnaces,  977. 
Kent,  William,  Eemarks  in  discussion  of  Mr.  Gayley's  paper  on  the  development  of 

American  blast-furnaces,  981. 
Keweenaw  copper-district.  Lake  Superior,  681. 

Kilns  for  calcining  paint-ore  at  Lehigh  Gap,  Carbon  county.  Pa.,  328. 
KiTSON,  Sir  James,  British  Contributions  to  the  MetaUurgy  of  Iron  and  Steel :  Address  at 

the  Pittsburgh  International  Session,  October,  1890  [xx],  807;  address  at  the  New 

York  meeting  of  the  Iron  and  Steel  Institute,  accompanying  the  presentation  to 

Hon.  A.  S.  Hewitt  of  the  Bessemer  medal  [xxxi],  515. 
Knowlton  copper-mine.  Lake  Superior,  Mich.  [702]. 
Kuuhardt,  W.  B.,  Map  of  U.  S.  coal  and  iron-ore  regions,  483. 
Ku-Shan-Tzu,  China,  silver-lead  mines,  588. 

Labor  and  Iron  (address  of  A.  S.  Hewitt).  475. 

Labor  in  European  and  American  Bessemer  works.     (See  Bessemer  Process.) 

Lake  .Superior  iron-ores,  ,59,  484. 

Langley,  John  W.,  International  Standards  for  the  Analysis  of  Iron  and  Steel  [xxiii], 

614. 
Latest  Derelopm,ent  in  Compressed- Air  Motors  for  Tramways  (Jacobus)  [ix],  553. 
Laurentian  rocks  in  the  United  States,  G. 
Lead-mines.     (See  Silver-lead  Mines.) 
Lead-zinc  deposit  at  Tung-Clii-Lung,  China,  57.5. 
Le  Chatelieb,  M.,  Eemarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel, 

1092. 
Ledyard,  T.  D.,  Some  Ontario  Magnetites  [x],  28. 
Lehigb  paint-oi-e  mines,  Lehigh  Gap,  Carbon  county.  Pa.,  321. 
Ligliting  New  Croton  Aqueduct,  New  York,  during  construction,  721. 

Limonite,  magnetized  by  heat  [292]. 

Locomotive,  Electric  mine,  264,  279. 

Locomotive  ladle-crane,  .528. 

Longdale,  Alleghany  county.  Va.,  iron-mine.  1019. 

Longfellow  copper-mine,  Clifton  district,  Ariz.,  681,  689. 

IjOomis,  Bukdett,  Fuel-Gas  and  Some  of  its  Applications  [xxxii],  995. 

Lowmoor  iron-mine,  Alleghany  county,  Ya.,  1020. 

Lucy  furnace,  Pittsburgh,  Pa.,  934. 

Lunge.  G.,  Remarks  in  discussion  of  Prof.  Langlcy's  paper  on  international  standards 
for  the  analysis  of  iron  and  steel,  ()34. 

Lyon  silver-mill,  Dayton,  Nev.,  207  et  seq. 

Machinery  for  the  Charging  of  Heating-  and  Melting-Funiaces  (Wellman)  [viii],  313. 

Machinery  ;  electric  mining,  2,58;  for  breaking  coal,  414  et  seq. :  for  elevating  and  con- 
veying coal,  398  et  seq.;  for  sizing  coal,  401  et  seq.;  for  welding  by  electricity,  884 
et  seq. 

Magnetic  Concentration  at  the  Mirhigamme  Iron-Mine,  Lake  Superior  (FowiJ?)  [vii],  62. 

Magnetic  concentration  of  iron-ore  at  Beclitulsville,  Pa.,  667;  at  Benson  mine,  N.  Y., 
192,  663,  666;  Cranberry  mine,  N.  C,  667;  at  Croton  mines,  N.  Y.,  666;  at  Michi- 
gamine  mine.  Lake  Superior,  64:  at  Miueville,  N.  Y.,  666;  at  Oirden,  N.  J.,  667; 
at  the  Tilly  Foster  mine,  N.  Y.,  71  et  seq.,  6.58 ;  at  VVeldon  mine,  N.  J.,  667. 

Magnetic  engine,  273. 

Ma<iiicti-:iition  of  Iron-Ore  (Jones)  [vii],  289. 

Magnetic  ore-separators:  Ball-Norton,  187,  663;  Buchanan,  64  [667];  Edisiui  [667]; 
Weustriim,  62  [667]. 

Malleable  iron,  production  in  Germany  for  years  1876  and  1889,  332. 

Mannesniann  tubes,  384. 
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Marine  engines,  855. 

Marquette  iron  region,  JFichigan,  iron-ores.  fiO. 

Martin,  E.  P.,  Remarks  in  disciission  of  Mr.  (4ay1ey'.s  paper  on  American  blast- 
furTiaces,  il89;  Of  Mr.  Hadtield's  pajier  on  ahiniinuui-steel,  1070. 

Marvin  electric  drill,  2(J0. 

Mass  copper-mine,  l^ake  Superior,  Michigan,  fi82. 

Massicks  and  Crooke's  American  Patent  Fire-lhick  Ifot-Blast  Stores  (Crooke)  [xxxii], 
1036. 

Mathes  n,  Ewino,  Remarks  iu  discussion  of  Prof.  Thomson's  paper  on  welding  by 
electricity,  890. 

M.WNARi).  Gkorgk  W.,  Remarks  in  discussion  of  Kir  Lowtliiaii  Ri'H's  paper  on  the 
probaiile  future  of  the  manufacture  of  iron,  K')(). 

McCalley.  Prof.  Henry,  on  tlie  Warrior  coal-tii'ld,  Alabama,  2!)fi. 

McDoWKLL,  F.  H,,  (>re-J>rcss'ntii  hi/  Khrtriciti/  at  ilw  Tilly  Foster  Mine  [vii],  71. 

Mekarski  compres.sed-air  motor  for  tramways,  553  ct  seq. 

Mechanical  watchman  for  ships,  643. 

Menominee  iron  region,  Mit^higan,  iron-ores,  (JO. 

Metallurgy  (See  also  under  the  several  initials)  Department  of,  at  the  U.  S.  National 
Museum,  232 :  Of  iron  and  steel,  (terman  practice  since  1H76,  331  ;  British  con- 
tribution to.  807. 

Mezoer,  a.  and  Tiiies,  A.,  The  Geology  of  the  Iltiile  Mine,  South  CarnlitKt  [ix],  .595. 

Miao-Erh-Liang  coal-field,  China,  595. 

Michigamme  iron-mine,  Lake  Superior,  Mi(;]iigan,  magnetic  concentration  at,  62  el 
seq.;  661. 

Michigan,  Lake  Superior  district,  production  of  iron-ore,  ,59. 

Milling,  Comstock  ores  at  Washoe,  Nevada,  196  ;  Gold-ores  at  Haile  mine,  Lancaster 
county.  South  Carolina,  606. 

Minevilleiron-miues,  Essex  county,  New  York,  magnetic  concentration  of  iron-ore 
at,  (i66. 

Mining  :  Electric  power-transmission  in,  2.58;  of  low-grade  ores  at  Haile  mine,  South 
Carolina,  604;  of  paint-ore  at  Lehigh  (iap.  Pa.,  325;  iu  Cliiua,  571,  585 ;  mine- 
surveying  at  Pratt  mines,  Alabama,  .301. 

Minnesota  copper-mine,  I.,ake  Superior,  Michigan,  682  et  seq. 

Minong  copper-mine.  Lake  Superior,  Michigan  (702). 

Monarch  ore-separator,  [(>63]. 

Mongolia,  China,  mining  in,  585. 

Montalbau  rocks  in  tiie  United  States,  8. 

Montana,  copper-production  of,  703. 

MoRC}   N,  Ja.mes,  a  Suspended  Feed-Tahle  for  RoUinfj-Mills  [viii],  42. 

Motors,  comju-essed-air,  for  tramways,  .553. 

Mountain  View  copper-mine,  Butte,  Montana,  690. 

Nantes,  France,  compressed-air  tramway  at,  5.53. 

Nao-Lung-Ching,  China,  hematite  deposit,  .575. 

National  copper-mine,  Lake  Stiperior,  Michigan  (702). 

National  Museum,  Washington,  Department  of  Metallurgy  and  Ecomomic  Geology, 

at,  2.32. 
New  .Jersey:  Magnetic  concentration  at  Ogden  and  Weldon  mines,  667. 
New  River,  Virginia,  coking  coals,  10'i3. 
New  River  and  Cripple  Creek  ore-belt,  Virginia,  1027. 
New  York  City:  Proceedings  of  Meeting  of  September,  1890,  vii ;  of  February,  1H91 

(annual  meeting),  xxv;  of  meeting  of  Iron  and  Steel  Institute,  xxxi. 
New  York  :  Magnetic  concentration  at  Benson  mines,  192,  663,  666;  At  Croton  mines, 

666  ;  At  Mineville,  666;  Croton  Aqueduct,  705. 
Ning-IIai,  China,  gold  district,  577  et  seq. 
Nonesuch  copper-mine.  Lake  Superior,  Michigan  (702). 
Norian  rocks  in  the  United  States,  7. 

North  Carolina,  magnetic  concentration  at  Cranberry  mines,  Mitdiell  county,  667. 
North  Chicago  Rolling-Mill  Company,  Illinois,  969. 
Norton,  R.  Henry,  Notes  on  Coul-Mini)i(j  in  Oreijon  [■viii],  23. 
Notes  on  the  liessemer  Process  (Howe)  [xxxi],  J120. 
Notes  on  Coal-Mininq  in  Oregon  (Norton)  [viii],  23. 
Notes  on  the  Excavation  of  the  New  Croton  Aqueduct  (Car.'son)  [viii],  705. 
Notes  on  the  Progress  of  Mining  in  China  (Clark)  [ix],  .571. 

Notes  on  Recent  Improvements  in  German  Steel-  Works  ami  Rolling-Milh  (Daelen)  [viii],  523. 
Nuttall,  West  Virginia,  coals,  1033. 


Ogden  iron-mine,  Sussex  county,  New  Jersey,  667. 
Ogima  copiK'r-mine,  Lake  Superior,  Michigan,  (702). 
Oil-fuel  in  the  open-hearth  process,  164. 
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Old  Dominion  copper-mine,  Globe  district,  Arizona,  689. 

Ontario,  Canada  :  Iron  districts,  geology  of,  [29] ;  Magnetites  of,  28.  tJiiSfl 

On  the  Darby  Process  of  Eecarbnrizatiou  iThielex)  [xxiii],  790. 

Open-hearth  process:  Carburiziug  apparatus  for,  791;  Practice  of,  in  Germany,  374 
et  seq. ;  Methods  of  comparing  the  economy  of  producer-practice,  13G;  Machinery 
for  cliarging  in,  313;  Physical  and  chemical  equations  of,  with  descriptions  of 
gas-  and  slag-analysis,  thermal  calculations,  etc.,  128;  Reactions  of  acid,  1()9;  Of 
basic,  171;  Table  of  results  of  carburizing  metal  by  Darby  process,  803:  Produc- 
tion of  open-liearth  steel  in  Great  Britain,  831. 

Ore  Dressing  by  Eledricify  at  the  Tilly  Foster  Mine  (McDowell)  [vii],  71  (see  also  658). 

Oregon,  coal-mining  in,  23. 

Ore  Knob  copper-mine,  Ashe  county,  North  Carolina  (694). 

Ore-roasting  at  Potosi,  Bolivia,  100. 

Ore-separators  (see  magnetic  ore-separators),  663. 

Ore-wasliing  in  Virginia,  5  029. 

Original  copper-mine,  Butte,  Montana,  690. 

Oriskany  brown  ores,  in  Alleghany  county,  Virginia,  1018. 

Osceola  copper-mine.  Lake  Superior,  685. 

Osmond,  F.,  Eemarks  in  discussion  of  Mr.  Hadfield's  paper  on  alumiuum-steel,  1080. 

Otto  aerial  wire  ropeways,  761. 

Paint-Ore  Mines  at  Lehigh  Gap  (Hesse)  [ix],  321. 

Pan-amalgamation  process  for  treating  gold-  and  silver-ores  (Washoe  process),  202. 

Parrott  copper-mine,  Butte,  Montana,  690. 

Paul.  ,\lmarin  B.,  inventor  of  Washoe  process,  196. 

Pechix,  Edmuxd  C,  The  Iron-Ores  of  ]'irginia  and  Their  Development  [xxxii],  1016. 

Peninsula  copper-mine,  Lake  Superior,  Michigan  (702). 

Pennsylvania,  production  of  Anthracite  pig-iron  and  coke-iron  in  1872,  1880  and 
1889,  962. 

Pewabic  copper-mine.  Lake  Superior,  Michigan  (683). 

Phillips,  W.  B.,  and  Thies,  A.,  The  Thies  Process  of  Treating  Loic-Grade  Auriferous 
Sulphides  at  the  Haile  Gold-Mine,  Lancaster  County,  South  Carolina  [ix],  601. 

Phoenix  coi)per-mine,  Lake  Superior,  Miciiigan,  682. 

Phoenix  steel-works,  Euhrort,  Germany,  793. 

Phosphor-bronze  bearing-metal,  902. 

Phosphorus:  Determination  of,  in  pig  iron,  by  the  acetate  method,  131 ;  effects  of, 
in  pig-iron  for  use  in  steel,  849. 

Physical  and  Chemical  Equations  of  the  Open-Hearth  Process  (Campbell)  [viii],  128. 

Picking-chutes  for  coal,  418  et  seq. 

Pietzke  puddling-furnace,  356. 

Pig-iron  iSee  also  Iron),  analyses  of,  988;  Effects  of  phosphorus  in,  849;  Increased 
manufacture  of  pig  from  imported  ore  in  Great  Britain,  839 ;  Manufacture  of  biisic 
pig  at  Hiirde  furnaces,  Westphalia,  Germany,  3.50;  Prices  and  product  of  iron  in 
Great  Britain,  1870  to  1884,  839;  Production  of  Anthracite  pig  in  Peun.sylvania, 
1875,  18«0  and  1889,  962;  Production  of  pig-iron  in  United  States  [3],  480;  In  the 
United  States,  England  and  Germany,  331,  332 ;  In  Virginia,  1017;  World's  pro- 
duction of,  from  1854  to  1889.  inclusive,  506. 

Piug-Cliuan,  China,  copper  district,  oSd-et  seq. 

Piug-Tu,  China,  gold  district,  579. 

Pittsburgh,  Pa.,  Proceedings  of  International  Sessions,  xvii. 

Pneumatic  Hoisting  (Wheeler)  [viii],  107. 

Pocahontas  coal-bed,  Flat  Top,  Virginia,  1034. 

PococK,  Francis  A.,  Accumulators  and  mining  (in  paper  of  Mr.  Spaulding),  278. 

PoHLiG,  J.,  Aerial  Wire  Ropeways  [xxiii],  760. 

Portage  Lake,  Lake  Superior,  copper-mines,  683. 

Potosi,  Bolivia,  S,lrer  District  (Wendt)  [ix],  74. 

Potsdam  sandstone,  iron-ores,  in  Virginia,  1025  e(  seq. 

Potter,  E.  C.  Remarks  in  discussion  of  Mr.  Gayley's  paper  on  American  blast-fur- 
naces, 972;  Of  Mr.  Howe's  paper  on  the  Bessemer  process,  1172. 

Pourcel,  Al  xandre.  Remarks  in  discussion  of  Mr.  Hadfield's  paper  on  alumiuum- 
steel,  1084. 

Pratt  Mines,  of  the  Tennessee  Coal,  Iron  and  Railroad  Company,  Alabama  (Ramsay)  [ix], 
296. 

Pratt  mines,  .Jefferson  county,  Alabama,  outpvit  of  coal  from  1883  to  .July  1,  1890,  313. 

Presentation  of  the  Bessemer  Medal.  Address  of  Sir  .lames  Kitson  President  of  the 
Iron  and'Steel  Institute  [xxxi].  515.     Rejily  of  A.  S.  Hewitt,  517. 

Probidile  Future  of  the  Mannfachu-e  of  Iron  (Bell)  [xx],  834. 

Proceedings  of  Meetings:  New  Vork,  vii,  xxv,  xxxi,  x.xxii;  Pittsburgh,  xvii. 

Producer-gas,  coml)ustion  of.  146  et  .leq. ;  Comparison  of  two  methods  of  manufacture, 
139;  Methods  of  analyses,  1.56  el  seq. 
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Progress  of  German  Practice  in  the  Metalhirgrj  of  Iron  and  Steel  Since  1876,  With  Special 

Reference  to  the  Ba-oic  Processes  (Wv.vdisg)  [xxiii],  331. 
Progress  in  Magnetic  Concentration  of  Iron-Ore  (  Birkixbine)  [x],  fi'iG. 
Protection  of  Iron  and  >teel  Skips  Agiiiust  Fonnderinrj  from  Injury  to  Their  Shells,  Including 

the  Use  of  Armor  (Barxaby)  [xx],  638. 
PudtUiii}! :  In   Germiiny,  3r)4  et  seq.  ;   Comparative  statistics  of  puddling  and  steel 

nianiifacture  in  (Ireat  Britain,  838. 
Pump,  (.iould's  eleetric,  2()8. 

Pyritt's:  Massachusetts  and  Virginia,  [695];  China,  Tsu-Hung-Tiing,  573. 
Pyrrhotite,  in  Carroll  county,  Virginia,  694. 

Quaglio's  apparatus  for  charging  crushed  coal  into  coke-ovens,  [336]. 
Quicksilver,  loss  in  milling,  at  Lyon  mill,  Dayton,  Nevada,  230. 
Quincy  copper-mine.  Lake  Superior,  (iH4  et  seq. 
Quiunemont,  West  Virginia,  coals,  1033. 

Railroads,  kilometers  of,  in  the  world,  1840-1888,  511. 

Eails   See  rolling-mills,  etc.;  also  Dr.  Dudley's  paper  on  the  wear  of  metal). 

Kamsay,  Ekskine,  The  Pratt  Mines  of  the  Tennessee  Coal,  Iron  and  Railroad  Company, 
Alabama  [ix],  •29(J. 

Raymond,  R.  W.,  Remarks  in  discussion  of  Mr.  Farisb's  paper  on  interesting  vein- 
phenomena  in  Boulder  county,  Colorado,  552;  of  Jlr.  Pohlig's  paper  on  aerial 
wire  ropeways,  786;  of  Mr.  Spaulding's  paper  on  electric  ])o\ver-trans!nissiou  in 
mining  operations,  284;  in  support  of  a  resolution  iu  honor  of  Prof,  vou 
Tunner,  xx. 

Regenerative  coke-ovens  in  Germany,  337. 

Reservoirs  of  the  New  Croton  Aqueduct,  New  York,  706. 

Resources  of  the  Black  Hills  nnd  Big  Horn  Country,  Wyoming  (Chance)  [viii],  49. 

Richards,  E.  Windsor,  Remarks  in  discussion  of  Mr.  Gayley's  paper  ou  American 
blast-furnaces,  968. 

RicKETSOX,  John  H.,  Address  of  welcome  at  Pittsburgh,  xviii. 

Ridge  copper-mine.  Lake  Superior,  Michigan,  682. 

Riley,  Edward,  Remarks  in  discussion  of  Prof.  Langley's  paper  on  international 
standards  for  the  analyses  of  iron  and  steel,  637. 

Rivetinir  by  Thomson's  system  of  electric  welding,  888. 

Rivet-iron  atid  steel,  specifications  for,  916,  918. 

Roasting  auriferous  pyrites  at  Haile  mine.  South  Carolina,  608. 

Rock-drills  at  Pratt  mines,  Alabama,  [307]. 

Roll-crushers  for  coal,  414. 

Rolling-mills  :  German  mills  and  practice,  523et  seq. ;  rolling  Mannesmann  tubes,  384; 
rolling  steel  ingots,  314 ;  suspended  feed  table,  42. 

Sample,  W.  S.,  Remarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum -steel, 

1086. 
Screens  for  sizing  coal,  401  et  seq. 
Seaton,  a.  E.,  The  Development  of  the  Marine  Engine  and  the  Progress  made  in  Marine 

Engineering  during  the  past  Fifteen  Years  [xx],  855. 
Semi-anthracite  coal  in  China,  577. 
Sentinel  gold-mine,  Boulder  county,  Colo.,  547. 
Separator  (see  also  Magnetic  Separators):  Automatic  gyrating,  for  coal,  at  Drifton, 

Pa.,  428. 
Settlers:  at  Lyon  Mill,  Dayton,  Nev.,  230. 
Shannon  copper-mine,  Butte,  Mont.,  690. 

Sheldon-Columbian  copper-mine.  Lake  Superior,  Mich.  [683].    ' 
Shinx,  William  P.,  The  Genesis  of  the  Edgar  Thomson  Blast- Furnaces  [ix],  674. 
Ships:  Protection  of  iron  and  steel,  638. 

Siemens-Cowper-Cochrane  fire-brick  stows  at  the  Edgar  Thomson  works.  936. 
Siemens  furnace,  improvements  in,  .533. 
Silicon,  proportion  of,  in  the  acid  Bessemer  bath,  1123. 
Silicon-steel :  Points  of  resemblance  between  aluminum-  and,  1061. 
Silver-lead  mines:   China:  Je-Hol  district:  Ku-Shan-Tzu,  585;  Lo-To-Po-Tzu,  585; 

Yen-Tung-Shan,  585. 
Silver-mines:  Gagnon,  Silver  Bow  county,  Mont.,  690;  Potosi,  Bolivia,  74. 
Silver-ores:  Chinese  method  of  smelting  at  the  Yen-Tung-Shan  mines,  China,  587  et 

seq.;  smelting  in   l)last-furnace  and  re verberatory  compared,  843;  treatment  of 

ores  and  tailings  at  Comstock  Lode,  Nev.,  196  el  seq. 
Skautung,  China,  gold-mining  district,  577  et  seq. 
Slag-analvsis  :  Method  of,  131. 

Slag:  Ba.sic,  used  as  a  fertilizer,  362,  533,  831;   cement  from  blast-furnace  slag,  350. 
.Slate-picker,  automatic.  424. 
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Smith,  Oberlin,  Cast-iron  Tools  for  Cutting  Metals  [ix],  317. 

SxELUS,  G.  J.,  Eemarks  in  discussion  of  Sir  Lowthian  Bell's  paper  on  the  probable 
future  of  the  manufacture  of  iron,  852;  of  Mr.  Gayley's  paper  on  American  blast- 
furnaces, 974 ;  of  Prof.  Lan<rley's  paper  on  international  standards  for  the  analyses 
of  iron  aud  steel,  633;  of  Mr.  Thielen's  paper  on  the  Darby  process  ot  recarburi- 
zation,  806. 

Snowdon  iron-district,  Snowdon,  Haliburton  county,  Canada,  33. 

Soaking-pit:  Advantages  of  the  use  of  unfired  pits,  538 ;  soaking-pits  in  America,  538 ; 
in  Europe,  311,  534. 

Some  Ontario  Maqnetites  (Ledyakd)  [x],  28. 

Spain  :  Hematite  at  Bilbao  [839]. 

Spathic  iron-ores  magnetized  by  roasting  [290]. 

Spai'LDING.  H. C,  Electric  Power- Transmission  in  Mining  Operations  [viii],  258. 

Spexcek,  J,  W..  Eemarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel,  1093. 

Spirally-Welded  Steel  Tubes  (Bayles)  [xxxii],  1112. 

Springer  puddling  furnaces,  356. 

Spring  Lake  furnace,  Bangor,  Mich.,  description,  record  of  working  and  product,  992 
et  seq. 

Stamp-mill,  Washoe  Gold  aud  Silver  Mining  Co.,  Gold  Hill,  Nev.,  197. 

Standards,  international,  for  the  analyses  of  iron  and  steel,  614  et  seq. 

Statistical  (;harts  of  Mr.  John  Hughes,  illustrating  the  progress  of  various  countries  in 
the  production  of  coal,  iron  and  steel,  as  related  to  population,  wealth,  prices  and 
the  productivity  of  land,  503  et  seq. 

St.  Clair  copper-mine.  Lake  Superior,  Mich.  [702]. 

Stead,  J.  E.,  Eemarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel,  1073. 

Steel:  Analyses  of,  545,  546;  Darby  process  of  recarburization,  790  et  seq.;  economy 
in  making  large  ingots  for  casting  and  rolling,  314;  German  practice  iu  the 
metallurgy  of,  since  1876,  .331  et  .'<eq.  ;  manufacture  in  opeu-hearth  furnace  in 
Germany,' 374;  specifications  iu  the  U.  S.  for,  917,  918;  spirally-welded  steel 
tubes,  1112;  standard  shapes  for  tests,  921  ;  sulphur  in  Bessemer  steel,  544;  treat- 
ment in  soaking-pits,  534  et  seq. ;  iu  Europe,  534 ;  in  Germany,  .534  et  seq. ;  weld- 
ing by  electricity,  Tliomson's  electric  system,  877;    product  of,  332,  510,  831. 

Steel  rails':  Analyses,  896;  mild  rs.  hard  steel  iu  wear,  892. 

St.  Lawrence  copper-mine,  Butte,  Mont.,  690. 

Stone  Hill  copper-mine,  Alabama,  694. 

Structural  materials:  general  specifications,  913. 

Struthers  blast-furnace,  Mahoning  county,  Ohio,  932. 

Sulphur  in  Bessemer  Steel  (Cabot)  [ix],  544. 

Sulphur:  Counteracted  in  pigiron  by  manganese,  352. 

Suspended  Feed-Table  for  RoUing-Mills  (Morgan)  [viii],  42. 

Taconian  rocks  in  the  United  8tates,  8. 

Tail-rope  system  of  underground  haulage  at  Pratt  mines,  Ala.,  308. 

Tallapoosa  copper-mine,  Georgia,  694. 

Tamarack  copper-mine.  Lake  Superior,  685  et  seq. 

Tennessee  Coal,  Iron  and  Eailroad  Company,  Pratt  mines  of,  296. 

Tensile  strength  :  specification  and  staudard  tests  for,  915,  921. 

Tertiary  fossils  at  Potosi,  Bolivia,  84. 

Tests  of  aluminum  bronzes,  1048;  of  aluminum -steel,  1056;  of  phosphor-bronze  and 
other  metals  as  bearings,  903;  of  iron  and  steel  rails,  892;  of  structural  iron  and 
steel,  911  et  seq. 

Thielen,  A.,  On  the  Darby  Process  of  Recarhurizntion  [xxiii],  790;  remarks  in  discus- 
sion of  Mr.  Gayley's  paper  on  American  blast-furnaces.  967. 

Thies,  a.,  and  Mezger,  A..  Geology  of  the  Haile  Mine,  South  Carolina  [ix],  595. 

Thies,  a.,  and  Phillii'S,  W.  B  ,  the  Thies  Process  of  Treating  Low-Grade  Auriferous 
Sulphides  at  the  Ilaile  Gold-Mine,  Lancaster  County,  South  Carolina  [ix],  601. 

Thies  Process  of  Treating  Lou-Grade  AuriferoHS  Sulphides  at  the  Haile  Gold-Mine,  Lancas- 
ter County,  South  Carolina  (Thie-ss  and  Phillips  [ix],  601. 

Thomas  and  Gilchrist  process  in  Germany.  3.59  et  seq. 

Thomson,  Prof.  Elihu,  On  Welding  by  Electricity  [xxxi],  8tt. 

Tliornycroft's  mechanical  watchman  for  ships,  643. 

Tilly  Foster  iron-mines,  Putnam  county,  N.  Y.,  71.  658. 

Timbering  in  soft  ground,  iu  Croton  Aqueduct,  733  et  seq. 

Tires:  Analyses  of  uiu'qually-worn  tires,  899;  specifications  for  locomotive  tires,  898; 
relative  wear  of  liard  and  soft  steel,  898. 

Titanifcrous  iron-ore  :   Kingston  and  Pembroke  district,  Ontario,  Canada,  35. 

Tools,  cast-iron,  for  cutting  metals,  317  et  seq. 

Tower's  mechanical  watchman  for  ships,  643. 

TozER,  William,  Eemarks  in  discussion  of  Mr.  Howe's  paper  on  the  Bessemer  process, 
1168. 
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Tramways:  compressed-air  motors  for,  553;  Otto  aerial,  760. 

Tsu-HmiK-Tung,  Cliina,  c()i)i)er  deposit,  573;  pyrites  deposit,  573. 

Tul>e-rollin>r,  >I;itiiu'Sinaiiii  i)rocess,  384. 

Tubes,  spirally-welded,  111-2. 

Tmift-Chi-Lung,  China,  lead-zinc  deposit,  575. 

Tuinielins:  in  soft  ground  in  New  Croton  Aqueduct,  732  et  seq. 

TlRNEK.  T.  Remarks  in  discussion  of  Mr.  Hadfield's  paper  on  aluminum-steel,  10.S7. 

Tuyeres,  water-cooled,  at  Horde,  Germany  [342]. 

Uniou  copper-mine,  Calaveras  county,  California,  fiSO. 

Union  furnace,  Illinois  Steel  Co.,  Chicago.,  III..  972. 

United  States:  National  Museum,  Department  of  Metallurgy  and  Economic  Geology 
in,  232;  jjroduction  of  coal  for  years  1870  to  1890,  483;  production  of  the  leading 
metals  and  minerals  from  1819  to  lf^90,  5ul ;  production  of  pig-iron  and  increa.sc 
of  population  from  1830  to  1890,  480, 

Van  Depoei.k,  Charles  J.,  Electric-magnetic  reciprocating  engine  (in  paper  of  Mr. 
Spaulding),  273. 

Vein-phenomena  in  Boulder  county,  Colorado,  547;  in  Potosi  district,  Bolivia,  87. 

Ventilating-fans,  with  anti-vihration  shutters,  37. 

Ventilation  :  In  New  Croton  Aqueduct,  721;   at  Pratt  coal-mine,  Ala.,  302. 

Verde  copper-mine,  Yavapai  county,  Ariz,,  690, 

Vermilion  iron-region,  ^licli.,  61. 

Vermont :  Ely  copper-mine  [680]  [694], 

Verschoosky,  M.,  on  wear  of  rails,  897. 

Vincennes,  France,  comi)resscd-air  tramway  at,  .5.53, 

Virginia  :  Clinton,  red  hematite  iron-ores  in,  1022;  copper-deposits  in  Carroll  county, 
694;  development  of  the  iron-ores  of,  1016;  iron-ores  of  Blue  Ridge,  1026;  of 
Cripple  Creek,  1027;  Gossan  iron-ores  of  Carroll  county,  10:?0;  iron-ores  of  the 
Potsdam  sandstones  in,  1025;  Oriskany  brown  iron-ores  in,  1018;  iron-ores  of  the 
valley  of,  1024;  production  of  Flat  Top  coal-mine  in  1890,  1035;  of  pig-iron  iu 
1880,  "1017. 

Wages  of  miners  in  Ontario,  Can,,  37, 

Walker,  Edwix  R.,  The  Walker  And- Vibration  Regulating  f^huiter  or  Slide  for  Guibal 
and  other  Enclo/sed  Fans  [viii],  37, 

Warrior  coal-field,  Ala.,  296  et  seq. 

Warwick  furnace,  Pottstown,  Pa.,  963  et  seq. 

Washington;  Coal  production  of,  for  year  ending  June  30,  1889,  54. 

Washoe,  Nev.,  Historical  sketch  of  milling  operations  at,  196. 

Water-gas:  Loomis  generator,  1000;  amount  produced  per  ton  of  coal,  1015, 

Wear  of  different  alloys  used  as  bearings,  899,  ■ 

Wear  of  Metal  as  Inflnenced  by  its  Chemical  and  Physical  Properties  {Dum.KY)  [xxxi],  892, 

Wedding,  Dr.  Hermann,  The  Progress  of  German  Practice  in  the  Metallurgy  of  Iron  and 
Steel  since  1876,  with  Special  Reference'to  the  Basic  Processes  [xxiii],  331. 

Weeks,  J.  D.,  Remarks  iu  discussion  of  Mr.  Gayley's  paper  on  Americau  blast-fur- 
naces, 984. 

Weimer,  P.  L,,  on  anthracite  as  blast-furnace  fuel,  964, 

Welding  by  Electricity  (Thomson)  [xxxi],  877. 

Weldon  iron-mine,  Morris  county.  New  .Jersey.  667.  .. 

Wellman,  S,  T.,  Machinery  for  the  Charging  of  Healing-  and  Melting- Furnaces  [\in\. 
313;  remarks  in  discussion  of  Mr.  Daelen's  paper  on  recent  improvements  in 
German  steel-works  and  rolling-mills,  5.39. 

Wendt,  Arthur  F,,  The  Potosi,  Bolivia,  Silver  District  [ix],  74. 

Wenstrom  magnetic  ore-separator,  62  [667], 

Wheat:  Prices  of,  in  the  United  States,  514, 

Wheeler,  H.  A..  Pneumatic  Hoisting  [viii],  107. 

Whitwell,  W.,  Remarks  in  discussion  of  Mr,  Gayley's  paper  on  American  blast-tur- 
11  aces,  978. 

Wire  cables:  Welding  by  electricity.  Thomson's  system,  885, 

Wire  ropeways,  Aerial,  760. 

Wolverine  copper-mine.  Lake  Superior,  Mich,  [684], 

Wrought-iron,  manufacture  in  Gerniauy,  .351;  specifications  for,  914, 

Wyoming  :  Resources  of  Black  Hills  and  Big  Horn  Country,  49- 

Yen-Tung-Shan,  China,  silver-lead  mines,  585. 
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